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Lo " ABSTRACT

" Changes in.the patterns of the'daily cyele; dn ‘sérum gonadotropin

hormone (GTH) Qé&tﬁary GTH Tevels in

# .S
¥

Tevels;~ and in some expertmqhts,§

fema1eggo1d(1sh.subJected to long photep&m%q% Vﬁutemperature or
s

| & “‘ﬁzﬁn

. . short photoper}oﬁkand/co1d temperature for var1bus 1engths of time in
winter’ and sprlng were determ1ned The effects of an outdoor pond

A;reg1me phase sh1f ing the photoper1od and feed1ng t1mes, diurnal temp- s
erature reg1mes, pi ea]ectomy, b11nd1ng, and me]aton1n treatment on the .

- daily cyc]es in ser

m GTH Jev ls'were also 1nvest1gated 0var1an con-:~

‘dition was assessedito allow. c‘r‘e1at1on with GTH 1evels

B In the stab111ty exper1me ts, f1sh were. subgected to 12 hours of

"11ght and 12 hours f dark (12 120) ‘and 12 C for 6 to 8 and 30 to 32

ol
. days, oq 16L8D/20 C for 5 to

' .and March In th se and a11 the other 1aboratory experlments, except ‘

;vll\to 13, and 30 to 32 days 1n November

7‘1n the'phase sh1 t1ng expe iments, 11ghts came on at 0600h and f1sh
: /
were fed daily/at 1000h and 1600h P1tu1tar/es and/or b]ood samp]es
Were co]]ect’d throughout the 24 hour per1od and GTH 1eve15 were deter-

m1ned by rad101mmunoassay The gonosomat1c 1ndex (GSI) was determ1ned

, /ﬁ~ \for each f1sh and ovar1es were examined h1sto1og1ca11y Re]ative]y Tow, . -
CVVZC" un1form serum GTH levels were found throughout the day 1n fish kept
g;eunder 12L120/12 C for up to 32 days in NovePbeﬂ but s1gn1f1cant f]uc-
'ttuat1ons per51sted for at 1east ‘32 days in fish kept under this reg1me o

'1n March In fish. subJected to 16L8D/20° C, a peak in serum GTH ]eve]s

- Was detected ear]y in the photophase after 5 to 7 days in November and

11 to 13 days in March $erum GTH ]eve]s were re]at1ve1y high and un1-_"~

'form throughout the day after 30 to 32 days 1n November and March.

Civ o



Sioniftcant daily fTuctuationsdin‘pituitary‘GTH teve]s weréxfound‘only
“in the group subjedted to 16L8D)209 C for 5 to 7 days‘in November;

Fish were subjected to the outdoor pond regime for 12 dayS'in'Septf
ember,‘Apr11 and May; they were fed da1]y at 1000h and 1600h. The
'patterns of the daily cyc]es in serum GTH 1eve1s ere. s1m11ar to the o
cyc]es found in fwsh kept under similar but constant cond1t1ons of photo—

'per1od and temperature in the 1aboratory s o -

L

In the photoper1od and feed1ng phase’ sh1ft1ng exper1ment

- were kept under 16LBD/20 C in November and April,.and the onset of 11ght
and/or feed1ng t1mes were sh1fted by severa] hours in the. exper1menta{\

‘ groups Photoper1od and. feed1ng entra1ned significant f]uctuat1ons 1n o
serum GTH 1evels when the onset . of 11ght and the f1rst da1]y feed1ng
_:were 4 hours apart, but not when they were .10° hours apart F1sh were ? - j‘ ‘/
subJected to 16L80 for 14 to 16 days in February, and e1ther a constant -v'h' i
~warm (20 C) or a d1urna1 s1nuso1da1 (12 to 20 C) temperature regxme, ' |
_ the warmth be1ng 1mposed dur1ng photophase or scotophase wh11e re1a~‘_d'
qt1ve1y h1gh unlform serum GTH levels were found throughout the 24 “hour
'per1bd in f1sh subJected to constant. warmth warm temperature dur1ng the
day promoted f1uctuat1ons in serum GTH 1eve1s, and warmth dur1ng n1ght

Aresu]t d in- re1at1ve1y 1ow, un1form serum GTH 1eve1s

In another ser1es of exper1ments, control, p1nea1ectom1zed and/or

o b]lnded f1sh were . subJected to the 16L8D/20 C or 8L160/20 C reg1me

' P1nea1ectomy had. no effect on serum GTH 1evels in sexua]]y regressed

,f1sh subJected to 16LBD/20 C in. ear]y fall, but promoted f1uctuat1ons a
1n fish under 8L16D/20 C in March 'P1nea1ectomy and/or b11nd1ng Sup-

v pressed f1uctuations‘in serum GTH levels in fish exposed totl6LéD/20°:C.



in March and Aprl]

Melatonin (1 ug, 10 ug or 12 ng/g body we1ght) was administered , -

' ’td'pinea]ectom1zed or.control fish held under;16L80/20° C ﬁn November

or the spring months; injections were given in the morning or the after-

noon. MOrning melatonin injeétions Towered the ear]y—photophase peak

" in serum GTH 1eve1s in 1ntact f1sh in November, but not in February.

‘fAfternoon 1n3ect1ons had no effect on- serum GTH -1evels in p1nea1ecto-

"\
mized or contro] fish in the spring,: or contro] fish in November.

In most exper1ments, abolition of the da1]y f]uctuat1ons in serum .

GTH levels was correlated with ]ower 'GSI's or a greater proport10n of

4’"

:severely atretic‘oocytes in the_ovar1es,»compared.to groups in-which

' the4serum GTH Tevels f]uctdated.thrdughout the 24 hour beriod.

Vi
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| GENERAL INTRODUCTION -~ -~

Temperate zone. te]eost f1shes exhibit we]] deflned cyc1es of repro-_

| duct1ve activity. fGonadal deve]opment 1n these f1shes is contro]]ed by .

.

the hypothalamo hypophys1a1 axxs through mechan1sm s1m11ar to those 1n'

h1gher vertebrates ’\The ex1stence of a gonadotrdp1 re]eas1ng hormone ’
’ ¥

; _(GRH) which 1s produced by the hypotha]amus and r u]ates the re]éase

f*~?vof gonadotropln hormones (GTH) by the p1tu'e ry is we]] estab11shed (for o

' '4;»rev1ew, see Peter, 1982) Furthermore,,1t has been;proposed recently
:ff;ih]that a gonadtrop1n re]ease 1nh1b1tory factor GRIF;\as~present 1n the

'go]df1sh (Peter ot aZ s 1978a Peter and Pau]encu, 1980) Good ev1dence 17

for the troph1c ro]e of p1tu1tary GTH 1n gonada] growth has accumu]ated T

| -0ver the years (for rev1ew, see Peter and Cr1m, 1979 Peter, 1981 B111ard
,isghlg Pet aZ 1982) Although ear11er stud1es suggested that on]y one GTH
bps1m11ar to both mamma]1an 1ute1n1z1ng hormone (LH) and fo111c1e st1mu1at1ngn'
P*?P:hormone (FSH), ex1sts in te]eosts (for rev1ew ‘see Peter and Cr1m, 1979)
” 'two GTH s have been recent]y detected in four spec1es of te]eosts, f'n:'
J': yi1nc1ud1ng the commonncarp (Ng and Id]er,(1979 Id]er and Ng, 1979) |
,‘lThe two hormones d1ffer 1n the1r carbohydrate content and some of the1rle7
v;{» act1ons (for rev1ew, see Peter, 1981) A]though both the GTH rich 1n .P;’: //[:
'carbohydrate content (Con A II/GTH) and the GTH 1ow 1n carbohydrate con—"/,
P;'tent (Con A-I/GTH) are requ1red for v1te11ogenes1s oocyte maturat1on ik
'ﬁpand ovu]at1on are st1mu1ated only by the Con A II/GTH th1s GTH a1so ;o
i;“promotes sperm1at1on c- AMP act1v1ty 1n the gonads, and stero1dogenests‘.f'
bb‘f'Only the carbohydrate r1ch GTH can be measured by RIA at present and

'{therefore a]] the 11terature and data d1scussed in th1s manuscr1pt perta1n tob'



~this GTH Sex stero1d hormones synthes1zed by the gonada1 ‘tissue (for
‘~‘rev1ew see’ Nagahama ét aZ R 1982) have been 1dent1f1ed 1n sevéra] te]ee 5
4v‘ost spec1es (Azoury and Eckste1n, 1980 Campbe]l et aZ , 1980; \K1me,

‘ 1980; Ng and Id]er, 1980 Fost1er et aZ s, 1978), and are also requ1red

:for the maturat1on and ma1ntenance of the gonads and ovu]atwon or sper- . :
::j‘m1at1on (e g. Duffey and Goetz, 1980 SundararaJ and Nath; 1981 B111ard

et aZ', 1982) : The sex stero1ds a1so modu]ate hypotha]am1c and p1tu1- -

| tary secretory act1v1ty (e.gs B111ard 1978 Kim et aZ 1978,‘011yereau ‘le
"siand 011vereau 1979 Ueda and Takahash1, 1980 Cr1m et at.’ 1981) proQ‘v

'v1d1ng a feedback 11nk between the gonads and hypotha]amo hypophys1a]

"'ax1s 7
Wh11e these mechan1sms const1tute the bas1c 1nterna1 regu]atory

"system, env1ronment cues such as photoper1od and tenbera\ure seem to

L const1tute a maJor externa] 1nput 1nto the reproduct1ve ax1s some )

';'teleost f1shes (for rev1ew, see de V]amwng, 1972 1974 Peter 1981.;v5"

‘S1nce the deve]opment of h1gh1y spec1f1c rad1o1nmunoassays for the GTH

-fh“(Con A-II/GTH) of some spec1es of Cypr1n1dae and Sa]mon1dae (Breton et

: ,;al , 1972, 1976 Crlm et aZ s 1973 1975 1976) GTH 1eve1s have been .

"ddeterm1ned 1n f1shes subJected to a var1ety of exper1menta1 reg1mes Itji;

”,h »has been shown that b]ood or p1tu1tary GTH 1evels f1uctuate throughout R

_the eason,‘and are 1nf1uenced by env1ronmenta1 cues (for rev1ew, see o
'itB111ard et aZ 5 1978 B111ard and Breton, 1978 PEteP and Honte1a,_
1978 Peter and Cr1m, 1979 Peter,.198l\\ From these ear]y stud1es,_
?h'i1t was proposed (Cr1m et aZ s 1975 Breton et aZ , 1975 Breton and },'

'B111ard 1977) that as the gonads mature blood 1eve1s of GTH gradua]]y.f

' ‘*fihf1ncrease from a 1ow 1eve] detected 1n 1mmature f1sh to a h1gher 1eve1 _.:;f?,"

: //



found in mature f1sh It was hypothes1zed that progress1ve deve]opment =
of the gonads requ1res progress1ve 1ncreases 1n the b1ood 1evels of GTH.

 in addition to seasonal cyc]es in blood 1evels of’GTH GTH 1evels T
in the p1tu1tary (0' Connor, 1972) and the b]ood (Breton et al.y 1972

Vod1cn1k et al., 1978) have - a]so been found to f]uctuate throughout the

“da y The re]at1ve1y large changes detected w1th1n a 24 hour per1od in

“these stud1es suggested that such var1at1ons might be’ phys1o]og1ca1]y

1mportant Da11y cyc]es in the serum GTH 1evels 1n the 'goldfish, a ‘

[the effects of photoperiod temperature and. sexua] cond1t1on on these

cyc1es were therefore 1nvest1gated ina recent study (Hontela

"Cand Peter 1978 ). f GTH 1evels throughout a 24 hour per1od were 1ow and

Ll re]at1ve1y un1form in f1sh w1th regressed gonads under a]] exper1menta1

S

"photoper1od and temperature reg1mes whereas s1gn1f1cant f]uctuat1ons
-kp'were usua11y detected 1n fema]es undergo1ng ovar1an recrudescence or
>”1n fema]es that had comp]eted ovar1an recrudescence The patterns of
.hthe da11y var1at1ons 1n serum GTH 1eve1s in the 1atter two groups were‘

" 51m11ar under the same photoper1od and temperature reg1me Furthermore,ﬂ

o

fish at var1ous stages of gonada] deve]opment ‘held under the same photo-

ta

:'per1od and temperature reg1me had s1m11ar 1ow serum GTH 1eve]s at cer- e
',n.ta1n t1mes of the da;_‘ The data suggested that as the gOnads mature
‘“1n the goldf1sh the pattern of the da11y cyc]e in. serum GTH 1eve1s o

vchanges from one character1zed by 1ow Ieve1s and sma]] or no f]uctuat1ons

¢

- fto one. w1th f1uctuat1ons of a h1gher magn1tude

In the present study, the hypothes1s that the da11y*cyc1es in serum:

s’fh GTH 1eve1s are of 1mportance for gonada] deve]opment 1n the go]df1sh vf;

S was tested, and the da11y cyc]es were further character1zed The cyc1es

4T-fwere man1pulated through var1ous treatments and the effect of these
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man1pu1at1ons on the ovarian deveTopment was 1nvest1gate .

: cycTes and gonada] development are. d1scussed in the second chapter

The tempora] changes in the pattern of the GTH cycTe under: 10ng

photoper1od and warm temperature and under ‘short photopertpd and cold

~ temperature, and the phys1o]og1ca1 s1gn1f1cance of these changes are

f'd1scu55ed in the first chapter of the present study The effects of a-f

Tong term exposure ‘to a- part1cu]ar photoper1od and temperature reg1me

~on the pattern of the GTH cyc]e and on gonada] deve]opment were 1nves-r
: - t1gated s1nce the ]ong term and the day to day stab1T1ty of ‘the cycles -

vwas not known S1nce the effects of a gradua]ly chang1ng natura] photo- =

per1od and temperature on the cyc]e are unknown, attempts were also made "

to assess the da11y cyc]e in serum GTH Tevels in f1sh held 1n an outdoor :'

The effects of- temperature, photoperlod and time. of. feed1ng on GTH‘ ,
“\t?\ L

'Both photoper1od and temperature 1nfTuence the da11y cyc]es in serum

" GTH. Tevels in the goldfish (HonteTa and Peter 1978 ) however, the

e

‘-ereTat1ve 1mportance of each of these factors has not been determlned

. Furthermore the 1nf1uence of the t1me of feed1ng on the: GTH cycle has
,not been 1nvest1gated Exper1ments 1nvo]v1ng phase sh1ft1ng the photoe
'fper1od and feed}ng t1mes were done in order to 1nvestxgate the synchro-'
¢n1z1ng effect of these cues on the da11y GTH cycTe ATso s1nce gonf1sh
_m1ght exper1ence a da11y temperature cyc]e in smaT] ponds, the 1nf1uences
'of such cycTes on dawTy GTH fTuctuat1ons and ovar1an deveTopment were

'fdeterm1ned

One ‘of the mechan15ms by wh?ch 11ght m1ght affect GTH cycles and

)

gonadal deve]opment 1s 1nvest1gated in the th1rd chapter The p1neaT

»'\..
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organ of te]eost fishes is photosensory and has‘some characteristics‘

"

of an‘endocrine g]and (for rev1ew, see Reiter, 1979 1980a). It
”1nf1uences gonada] deve]opment 1n teleost fishes (Fenw1ck 1970a,

' Urasak1, 1972, 1976 de V1am1ng, 1975 Vodwcn1k et aZ s 1978), however,

~ there has been on]y one 1nvest1gat1on of. the ro]e of the p1nea1 in reg-

B u]at1on of GTH tevels (Vod1cn1k et aZ , 1978) The effects of p1nea1-
,ectomy, b11nd1ng and sexual cond1t1on on daily cyc1es in. serum GTH are

'd1scussed in Chapter 3/

Y

Little 1s known about the mechanisms by wh1ch “the p1nea1 1nf1uences

" GTH 1evels 1n teleost f1shes At present, me]aton1n is cons1dered to

be a maJor secretory product of the p1nea1 organ of many vertebrates

- (Re1ter 1979, 1980a) It has been shown to retard gonada] development

~dn severa] te]eosts (Fenw1ck 1970b Urasak1, 1972 SundararaJ and

k"Keshavanath 1976 Saxena and Anand 19773 Borg and Eckstrom, 1981) but '

"the effects of me1aton1n on\GTH 1eve1s have not ‘been 1nvest1gated The -

"f effects of me1aton1n adm1n1strat1on on GTH ]eve]s are d1scussed in the

_ fourthachapter.v
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CHAPTER 1: TEMPORAL CHANGES IN THE PATTERNS OF
L DATLY GONADOTROPIN HORMONE CYCLES

INTRODUCTION

B]ood gonadotrop1n hormone (GTH) 1eve]s fluctuate significantly
_throughout the day in go]df1sh Carasstus auratus (Breton et di;, 1972§'
. Vodicnik et al., 1978; Hontela and Peter, 1978 1980) undergoing ovarianT
recrudescence or that have comp]eted ovar1an recrudescence when exposed
to spec1f1c sets of env1ronmenta1 cond1t1ons Honte]a and Peter hypo-

thes1zed that the daily cycles in serum. GTH 1eve]s are 1mportant for

gonada] deve1opment in the go]df1sh since da11y f1uctuat1ons were usua]]y

. found in matur1ng and mature fema]es, but not in sexual]y regressed

. _‘anima1s A1so both the patterns of the da11y GTH cyc]es and gonada]

/

vh~deve1opment were 1nf1uenced by photoper1od and temperature

F]uctuat1ons in GTH 1evels throughout the. day occur also in other
vertebrates - The Iarge preovu]a&pry LH surge has been detected 1n rep-

resentatives of all vertebrate c1asses-' Pulses in LH and/or FSH 1evels

. of smaller magn1tude than the preovu]atory LH surge, elther cont1nuous

:throughout the day or at only certain t1mes of the day have been reported
* in-birds’ (Hash1gush1 et aZ s 1977a, 1977b Scanes et aZ s 1978 19803 .
3 Balthazart et al., 1981' N1nof1e1d et al., 1981), severa1 spec1es of-ro- s
dents (Seega] and Go]dman,‘1975 Turek et aZ 1976' Hostetter'and Piacsek,
1977 Ga11o, 1980 1981 K1mura et al., 1981) p1gs (trinkiey, 1981);'sheep
‘(L1nc01n and Peet, 1977 walton et al., 1980; Kennaway et al. ,‘1981) \
and monkeys (Pur1 et aZ s 1980) Several other var1ab1es of the hypo-

thalamo hypophys1a1 gonada] axis, in add1t1on to GTH Teve]s a1so



fluctuate diurna11y "Daily»fTuctuattons in the ]u einizing hormone- |
re]eas1ng hormone (LHRH) comtent of var1ous parts of the brain. (Ka]ray
anduKalra, 1973, Tuominen et 4%, , 1979 *Szafarczyk et aZ 1980; wenger
and_Leonarde11i,-1980; Kérdé]hue et al, 1981) p1tu1tary sens1t1v1ty to \
: LhRH‘(wtlkinson“and Moger,'198l) and‘p]aSma;1eve1s=of sex.ster01ds (A11en'
and Bradshaw, 1980; Puri et.az , 1980' Miyatake et al., 1980; Brinkley, |

1981) have been descr1bed in several mammals The gonada1 responsiVeness

to GTH varies throughout the .day in. man (Nank1n et al., 1980), mouse

to

(Lamond. and Braden, 1959), rat (Gr1zzard et al., 1978), ch1cken (Dusseau
~rand Boscher 1976) frOg (Eas]ey et al., 1979), and a]so in some. tele-
- ost f1shes (de V]am1ng and Vodicnik, 1977 Kuo and watanabe, 1978 |
_‘Peter et aZ’, 1982) Apparent]y, f]uctuat1ng hormone concentrat1ons arev
essent1a1 for the ma1ntenance of phys1olog1ca11y respons1ve receptors
~in some target tissues (for review, see Catt et all, 1979); evidence
that exposure to constant high, 1eve15 of GTH desens1t1zes the mamma11an
gonad is accumu]at1ng (e g. Jaaske1a1nen et al., 1980~ Chan et aZ s
: 1981' Sen et al. s 1979) However, such 1nvest1gat1ons have not been
d carried out 1n submamma11an vertebrates
The reproduct1ve ax1s of teleosts represents a un1que system for
'study of the swgn1f1cance of f]uctuat1ng blood 1evels of GTH on gonada]
adeve]opment In the’ go]df1sh it is poss1b1e to corre]ate per1ods of
4greater fTuctuatwons 1n serum GTH and of he1ghtened gonada] act1v1ty
;(Hontela and Peter, 1978 1980) The only other vertebrates in wh1ch
such a corre]at1on can be made at present are the Japanese quail B |
(Hash1guch1 et at. » 1977a) and the sheep (L1nc01n, 1976 Lincoln and |
- Peet 1977) In the present study, the da11y f]uctuat1ons in. serum GTH

1evels in goldf1sh exposed to severa1 photoper1od and temperature reg1mes,



‘j1nc1ud1ng an outdoor pond regime, for var1ous 1engths of t1me were \
vdeterm1ned In addition, the ovar1an cond1t1on of the f1sh was exam1ned |
by h1sto1ogy to allow correlation w1th GTH ]eve]s _This study also |
prov1ded data on the long and short term stab1]1ty of .the daily Cyc1es

in serum GTH levels under various photoper1od and: temperature reg1mes,
and-made possibTe a“comparison of the patterns_of the GTH cycles.in

fishvheld under'1abdratory conditions and a natural outdoor regdme.

MATERIALS AND METHODS"
I. Experimentalranima1s‘

Go]df1sh Carasszus auratus (common orkcdmet varjety; standard
body 1ength 6 5- 8. 0 cm) were purchased from Grassyfork F1sher1es Co.,
rInc s Mart1nsv111e, Indiana at various t1mesébf the year F1sh were
: sexed upon arrival by externa] exam1nat1on and fema]es were se]ected for rf'

the-exper1ments.

'iI.d Enyirpnmenfa1,maintehanceregime"

Fish Were'hefd'fn'a flow-through aquarium (4800 L) maintained at
13.5 1. 50 Cs room 11ghts were regu]ated to s1mu1ate the 1ength of the
~:natura] Edmonton photoperlod. The animals were fed an’ excess of commer--
| c1a1 fish fpddﬁ(Ewos, Astra Chemicals Ltd.,.M1ss1ssauga, 0ntar1o) at
',1000h ahdf1600h This environmenta1 reéime referred td'in'the text
s the initial acc11mat1on per1od was 1mposed for 14 days A‘diagram—i ’

’mat1c out11ne of the protoco] is presented in F1gure 1.1.



Figure 1.1.-'Diagrématic.but]ine'of the maintehancé and sampling regimes -
" used in the stabi]jty’exberiments.
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Long and short term experiments

Following the initial acclimation period, fish were transferred
into experimental flow-through aquaria (380 L, 56 fish/aquarium) main-
tained at 12 + 19 C and a photoperiod of 12 hours light and 12 hours
darkness (12L12D) for 8 days. The light phase started at 0600h (one 15
watt, cool white fluorescent 1ight was used per dqua}ium). Then, the
experimental regimg of 16L8D/20 + 1° ¢ (1ights on at 0600h) was imposed
(designated as day 1, see Figure 1.1), or the fish were left under

12L120/12 + 1° .

Qutdoor experiments

Following the initial acclimation period, 70 fish were transferred
to an outdoor pond (maximUm‘depth = 0.7 m, volume of water about 4500 L)
and subjected to the natural photbpériod and temperature regime for

12 days.

I11T. Blood samples

Bfood was withdrawn from the caudal wvasculature, and serum ¢o11ected
and stored.as described by Hontela and Peter (1978). Each fish was

sampled once and killed after the procedure. Gonadosomatic index (GSI)

= was calculated as follows: weight of ovaries ~. X 100%; a section of

- total body weight
the ovaries was fixed in Bouin's solution for histology. In some exper-

iments, the pituitary gland was dissected out, frozen on dry ice and

stored at -27° C, prior to 1yophi1ization, weighing and»homogeniza;ioﬁ

in barbital buffer (pH = 8.6).



o tconsecut1ve days at 0700h and 1900h on the. f1rst day, at 0300h and
f-_;1500h on. the second day, andwTiOOh and 2300h on the th1rd day Th1s L
:p'asamp11ng schedu]e w111 be referred to hereafter as the standard samp11ngi R

. _t1mes

12

Samp11nggschedu1e

Durwngseach samp11ng per1od f1sh were samp]ed throughout three ”

In the 1ong term stab111ty exper1ments, the samp11ng per1ods were

| :.days 6 7 8 and" 30 31 32 %f the 12L12D/12 1 C reg1me, and days 5

e 6,7, and 11 12, 13 and 30 31 32 of the 16LBD/20 1%c reg1me

v“Exper1ments 1n wh1ch th1s protoco] was used were carr1ed out 1n November”

« ;w1th f1sh in early ovar1an recrudescence ( recrudesc1ng fema]es), and

]1“ March W1th f1sh hav1ng ovar1es conta1ng some oocytes that had Comp1ef‘,f'“ R

s v
' hted V1te11ogenes1s ( mature fema]es)

In the short term stab1]1ty exper1ments, f1sh were samp]ed at 1100hh«‘ e

: and 1900h on days 5 6, and 7 of the 16L8D/20 1 C regwme 1n December

In the outdoor exper1ments, f1sh were sampled at 0700h 1100h

dy 1500h 1900h 2300h and 0300h on day 12 of the natura] photoper1od and _

\

©

temperature reg1me At the comp]et1on of the samp11ng, 2 to 10 excess s

“Tsh\rema1n1ng 1n the pond were sacr1f1ced Th1s protoco] was fol1owed

1n September, Apr11 and May

‘rﬂlvtl Rad101mmunoassay for GTH

The serum samp]es and p1tu1tary homogenates were assayed w1th a ‘:;'k
rad1o1mmunoassay spec1f1c for carp GTH The assay and 1ts characterts-

t1cs are descr1bed 1n Cr1m et aZ (19769 and Honte]a and Peter (1928,r S

| ti o).




13
V H1sto]ogy :
U H1stologxca1 exam1nat10n of the ovar1es was carr1ed out as descr1bed
by Honte]a “and Peter (1978) w1th the f0110w1ng mod1f1cat1ons _ oocytes o
‘;‘ 1n the f1rst growth stage were. not counted oocytes (d1ameter 350 to ,;‘-'
" 900 u) wh1ch conta1ned yo]k g]obules in the 1nner part of the cytop]asm

and yo]k ves1c1es 1n the outer two th1nds of the cytop]asm were c1ass1-'

f1ed as be1ng in. the Pr1mary and secondary yo]k stage Oocytes (d1ameter” -

1000 u) conta1n1ng yo]k ves1c1es only in few per1phera1 rows of the tdf‘
» cytop]asm wh11e the " 1nner part of the cytop]asm was f1]1ed w1th yolk
i@grglobu1es were: c1a551f1ed as be1ng 1n the tert1ary yo]k stage Ovar1es;
in wh1ch 3 or more atret1c fo]11c1es cou]d be observed 1n the f1e1d of?

' Vjs1on (2 5 mm ) were c]ass1f1ed as severe]y atret1c
};Vlgl Stat1st1ca1 ana]ys1s

Ana]ys1s of var1ance and Duncan s mu1t1p1e range test at p < 0 051;3“'

(SteE] and Torrie,. 1960) or St”de“t S "t" test at P < 0 05 0 01 were g‘,qj;‘;' L

: used for stat1st1ca1 oompar1sons of the GTH 1eve]s or of the GSI s.
Student S "t” test and the proport1ons compar1son test (Wa1po1e 1968) .
| were used 1n the ana]ys1s of the h1stoTog1ca1 data .

'"I;f'Longfterm'stabiijty7e§périment5'J'h :

Lo November’_‘

ﬁl,The serum 1evels found 1n flSh 1n the 1ong term acc11mat1on exper- f,‘7)“

1ment 1n November are presented in F1gure 1 2 Low GTH 1eve1s throughout“*i -



T T

t~;;Fi9@?en1.2h The serum GTH 1evets (mean SE) in f1sh in the 1ong term o
B : 5acc11mat1on exper1ment 1n November, 1978

_The resu1ts of the Duncan s mu1t1p1e range test (p < 0 05)   ;13

: lgare shown at the top of the f1gure The feed1ng t1mes
'{f:(1nd1cated by arrows) and the exper1menta1 photoper1od -
4 fggreg1mes are shown at the bottom, ‘the b]ack hor1zonta1 bars '
ftfffrepresent the dark phase of the photoper1od “the empty
| bars represent the 11ght phase ‘ The means are averages
from 6 to 7 f1shes B ' sl
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“h-;"compared to t”e group acc11mated for 5 to 7 days and no : stat1st1ca]1y

fjto 16LBD/20

‘*::at other t1mes of the

| Tfand 1900h) were detected

B the 16L80/20 ¢ day 5

6 .

i

~day and.f]uctuations of a magn1tude 1ess than 2 ng/m] of serum were

;fou d in f1sh held under 12L120/12 1° C for'6 to 8 days, or for an -
| addi 1ona1 30. to 32 d@ys In f1sh subJected to 16LBD/20 1° C for 5
‘fto 7 'ays, subsequent to 8 days under 12L120/12 1 C, a 1arge peak |
| :(p < 0 5) at 1100h and 1ow GTH Tevels throughout the rest of the dayﬁ '
dwere det cted After 11 to 13 days of exposure to 16L8D/20 1 C,

.},{ -

the h1ghes 1eve1s were stIQj found ear]y in the day (0700h and 1100h)

”';?however the GTH 1evels at other t1mes of the day were somewhat 1ncreased

0

o | - :
o s1gn1f1cant f]u tuatxons were found Re]at1ve1y h1gh 1evels and no PR

.‘s1gn1f1cant f]uc,uat1ons were, detected after 30 to 32 days of exposure f_f-

As shown 1n F1’ure 1 3 the p1tu1tary GTH 1eve1s 1n f1sh he1d under

‘t;12L12D/12 1 C for' to 8 days were greater (p < 0 05) at 2300h than

'1,27 days, there was no s1gn1f1cant corre]at1on between p1tu1tary and

:vserum GTH 1evels at var1ous t1mes of the day for these f1sh as shown

b‘af‘1n F1gure 1. 4 No s1gn1f1cant f]uctuat1ons 1n p1tu1tary GTH 1eve1s were

' a«pfound 1n f1sh subJected to 16L80/20 1 C for 11 to 13 days or 30 to f

. .\,.

Y

*“._}32 days Flguré 1. 3

Mean serum and p1tu1tary GTH 1evels found 1n f1sh 1n the 1ong term

’-,hf stab1]1ty exper1ment 1n November are shown in F1gure 1 5 FOF thTS

f:ana1ys1s, the GTH 1evels from f1sh w1th1n an exper1menta1 group (e g
[

- —

Y. Two peaks in p1tu1tary GTH ]eve]s (at 0300h t.Hih_v
'n Fish subJected to- 16L8D/20 1 c for 5 to :;'Q e

to 7 group) samp]ed at var1ous t1mes of the }.tp_n_

‘hday were poo]ed and expressed as an average The mean serum GTH 1eve1 o



~ Figure 1.3. The pituitary GTH levels (mean x SE) in Fish in the
©long term acclimation experiment in November; 1978.

| DHsee ’captii"qh', of Figure llfor more .':d-et_aﬂ._.' b

-|7 ".
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Figure 1.4.

‘ol

Serum and p1tu1tary GTH 1evels (mean'i“SE) on dayS 5to 7.

in- f1sh SubJected to the 16LBD/20 ¢ reg1me in November

B baNumbers of. f1sh samp]ed at each t1me are 1nd1cated bes1de

\
AN

“the means The correlat1on between the serum and p1tu1tary,

V"eGTH 1eve1s was not s1gn1f1cant (r 0 13 p < 0. 05) See

capt1on of F1gure 1. 1 for more deta11

i
W
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. | . v )
- Figure 1.5. Mean serum and pituitary GTH levels (mean : SE) in fish in -

the Tong term acc]imatiOnvexperiment in'NoVember, 1978. -

!
Numbers.of fiSh:samp]édrare,shown"at the bottom of the his-

togram bars.‘ Significant différénces by Student's t-tast

(p < 0.05) are indicated_at‘the'fﬁght of the'histpgrams.‘=.
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of the fish subjected to 12L12D/12 * 1°°¢C for 6 to 8 days were Tower

(p' < Q.Oi) than the<meen~]evels of the other three groups. Also, the

-

‘mean serum GTH level of the group held under 16L8D/20 + 1° C for 5 to 7.

“days was Tower (p < O;Oi) than the 1evels of the groups held under
16L80/20‘ 1% ¢ for 11 to 13 days and 30 to 32 days. ' The mean pituitaryf'l
GTH level of the’ group he]dlunder 16L80/20 1 C for 5 to 7 days was '
h1gher (p < O Oi)tthan the;ﬁeen 1eve]S'of'the other three groups, which
‘were not s1gn1f1cant1y different from each other

| R The mean GSI va]ues of the four exper1menta] groups were not s1g-

n1f1cant1y d1fferent However h1sto1og1ca] exam1nat1on of the ce11u1ar

g,

compos1t1on of ovaries from the four groups (Tab]e 1.1) revealed that
tf1sh subJected to 12L120/12 1 C for 6 to 8-days or.30 to 32 days, or
,_to 16LSD/20 + 1% ¢ for 30 to 32 days had fewer (p 0 05) oooytes'in.the
Bl and 2° yolk stage than fish held under 16L8D/20 1° ¢ for 11 to 13
 ﬂ'days ‘Also, f1sh he]d under 16L8ﬁ/20 1% ¢ for 30 to 32 days had fewer

‘(p < 0. 05) oocytes in the 1 and 2° yolk -stage than the group heTd: under

N~

B 16L8D/20 _‘ C for 5 to 7 days Furthermore 65% of ovaries exam1ned \\\_

in ‘the group subJecte 16L80/20 1 C for 30 to 32 days were c]ass1—

atret1c ovar1es were not

~— !

fied as severe]y atret1c whereas se .‘
observed in the other exper1menta1 groups (p>< 0. 001) F1gure 1.6. 1
represents a norma] ovary of a matur1ng fish subJected 0 16L80/20 10'

N C for 11 to 13 days in November, F1gure1 6.2 represents la sever]y atret1c '
ovary of a f1sh kept under this. reg1me for 30 to 32 days.

March

‘The serum'GTH Teve]s tound in the fish in the 1ong'term stability
‘vexper1ments in March are shown in F1gure 1. 7 (March, 1979) and:-Figure
" 1.8 (March, 1981). In fish subjected to 12L12D/12 + 1° C for 6 to 8 days,~

7
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Figure 1.6;~‘Ovaries in fish in‘Ehe early stages of oVarian‘recrudescence
(November) subjected to the 161.8D/20° C regime (X100).

/ 1) Normal ovary 2) Severely atretic ovary

-
' p = oocyte in the perinuc]eo]us stage
v = oocyte in:the yolk vesicle stage
s = oocyte in the lp'and Zgjyolk stage
a = atretic ovary - ' '
.yv = yolk vesicles
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i Fj'gq’r“e"_ 17 _The“s',érgm ‘GTH”‘]eVéT s (mean & SE‘)"in}fiSh in _fhfe Jong term
7. acclimation experiment. in_.Méir'ch,'.1_~979_‘.':_’ PRI B
o See "Tcgpti:on zbf"FJ".:gure ' 1--.1_fO‘t“f};moire-j'vdeta‘_i15_'_-,; .
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"a peak (p < 0 05) in serum GTH 1eve1s was found at 1100h (Figure’1‘7);
:'_1n f1sh he]d under th1s reg1me for an add1t1ona1 30 to 32 days, peaks
(p < 0 05) were detected at 0700h and 1900h (Flgure 1 8) No s1gn1f-
»}1cant f1uctuat1ons in. serum GTH ]eve]s were found in the groups he]d
.P»under 16L8D/20 1 C for 5 to 7 days (F1gure 1 7) or 30 to 32 days E
,'(-‘«(F1gures 1. 7 1 8) A peak (p < 0 05) at 1100h was found in the group

B subJected to 16L80/20 1 c for 11 to 13 days (Flgure 1. 7)

P1tu1tary GTH 1evels were determ1ned for a11 the\f1sh in- the ]ong

f'j',term stab111ty exper1ments done in March 1979 and no s1gn1f1cant f1uc--

:1jr5tuat1ons throughout the day were': found in any group (Tab]e L. 2) nfi i

- Mean: serum and p1tu1tary GTH 1eve1s found 1n f1sh 1n the 1ong term |
R ’

n;;stab111ty experlments in March ‘1979 are ShOWn 1n F1gure 1 9 The.mean_“;_ji

tﬂfserum GTH 1eve1 of the group he]d under 12L120/12 1 C for 6 to 8

.days was 1ower (p < 0 05) than the mean 1evels of the other' hree groups

‘ﬂs A]so the mean serum GTH 1eve1 of the grOUP SUbJECtEd tO 1% .v‘

*>7f:for 5 to 7 days was 1ower (p < 0. 05) than the;mean 1evels found 1n the
1\groups her under 16LBD/20 1 C for 11 to 13 days and 30 to 32 days ‘
The mean p1tu1tary GTH 1eve1 of the group subJected to 16L8D/20 1 C .
}.‘for 5 to 7 days was 1ower (p < O 05) than the 1eve15 1n f1sh subJected
d"f, to th1s reg1me for 11 to 13 or 30 to 32 days »’ gd,g,o LT ‘ |

‘ The mean GSI va1ues and the ce1]u1ar compos1t1on of ovar1es.of

‘('iff1sh 1n the 1ong term stab111ty exper1ments in March, 1979 are shown 1n

'f:Table 1.3. . The mean GSI of the group. hetd under 12L120/12 1°c for.»;-'7'"“:'

i 6 to 8 days was’ ]ower (p < 0 05) than the mean GSI va]ues of f1sh he]d
“‘under 16L80/20 1 C for 5 to 7 or 11 to 13 days Also the mean GSI

»’~50f the QFOUP h61d under 16L8D/20 1 beor 30 to 32 days was. 1ower i



i o B

;f'gFng§éf1+8. Serum GTH 1evels (mean SE) on days 30 to 32 in f1sh sub-<
B ',“; Jected to 12L120/12 °c or 16L80/20 % in March 1981 '

.f~.Numbers of f1sh samp]ed are shown bes1de each mean Séeff:f.
o ’capt1on of F1gure 1 I for more deta1ls e

/
; e
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P e
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" Figure 1.9.

33

Ty

Mean serum and p1tu1tary GTH - 1evels (mean + SE) in fish in -

»vthe 1ong term acc11mat1on exper1ment in March, 1979

f =

Numbers, of fish sémp1ed'are shown' at the'bottom of the his-

 ftogram bars - S1gn1f1cant d1fferences by Student's t- test
B (p < 0. 05) are 1nd1cated at the r1ght of the h1stograms
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(p < 0;05) than the mean GSI values of the group held ‘under this reg1me

for 11 to 13 days. H1sto]og1ca1 exam1nat1on showed that ovar1es of

3 _f1sh subJected to 16L80/20 1 C for 30 to 32 days conta1ned fewer

oocytes in -the 1° and 2 yoTk stage than ovar1es of f1sh from the other
1three groups ATso ovaries from f1sh he]d under 16LSD/20 1 C for

11 to 13 days had fewer oocytes in tbe 1° and 2 yolk stage and more
: oocytes 1n the 3 yoTk stage (p < 0. 05) than ovaries of fish her under
120120712 '+ 1° for 6 to€8 days. The greatest proport1on (p <0.01) of//
Jsevere]y atret1c ovaries was found in the group. he]d under 16L8D/20 TO ;
©C for 30 to 32 days ' ) |

The mean GSI va]ues and ‘the ceTTuTar compos1t1on of ovar1es of fish

in’ the Tong term accfhmat1on exper1ment in March 1981 are shown in
Tab]e 1.4, The mean GSI S of the two exper1mentaT groups were not s1g—
n1f1cant]y d1fferent However, the ovaries of fish held under the i :
’16LBD/20 1° ¢ reg1me for 30 to 32 days had’ more (p < O 05) oocytes in
the per1nuc1eoTus stage and the yoTk ves1cTe stage than ovaries of f1sh
‘lkept for 30 to 32 days under the 12L12D/12 1 C~reg1me Furthermore,
Ta greater (p < 0. 05) proport1on of severe]y atretlc ovar1es were found

in the former’ group A normaT ovary of a mature f1sh SubJected to
,16L8D/20 1 € for 11 to 13 days in March 1is represented 1n Figure 1. 10 1.

A severe]y atret1c ovary of a fish subJected to th1s reglme for 30-to

32 days,1s represented in F1gure '1.10.2.

II; Short term stabi]ity‘experiments ,

~ “The serum GTH levels in tish subjected to'16L80/20 i‘lq C for 5 to
7 days in December are shown in Figure-1.11, ThewGTH TeveTs at‘1100h |

were h1gher-(p < 0,05) “than the TeveTs at 1900h on ‘each samp11ng day *
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Figure 1.10.
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;-

——

Ovaries jn'fish in the latter stages of. ovarian recrud-

escence (March) subjected to the 16L8D/20° C regime (X25).

1) Normal ovary . . -2) Severely atretic ovary
| E R T
p = oocyte in.thg'perihqp1ep1gs stage - *“‘\\~\\\\\\‘
s = oocyte in the 19‘and§23 yo1k stage ' '
Zt i‘oocyte in the 3° yolk Sfége\\ .
‘a = atretic oocyte o ST
ya = yolk globules -~ o e
~yv = yolk vesicles | _ _"-. R .
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' F1gure 1 11

Serum GTH 1evels (mean * SE) on days 5 6 and 7 1n fwsh

subgected to the 16L80/20 C reg1me 1n December 1980

Num ers, of f1sh samp1ed 1n each group are shown at the
bottOm of ‘the- h1stogram bars The means at 1100h are
greater (Student S t- test p < O 05) than the means at
1900h on each samp11ng day '
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December 1980 (GSI = 3.7 + 0.2%, n'='48)

‘. Day’5-7,16L8D/20°C

a

Day 5

~Day 7

Day6

TR

N

< &5

.

28
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e 0.

12F |

~1100n

1900H

© 1100n -

1900h

. 1100h

- Time of Day (houn
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'TIn contrast the 1100h values on the three days, and the 1900h va]ues o

ek

- .on the three‘days, were not s1gn1f1cant1y d1fferent from each other

’_IIi.‘ Outdoor exper1mentsh[

. Da11y water temperatures, and t1mes of sunr1se and sunset dur1ng7‘

' 'the acc11mat1on per1ods 1n September Apr1] and May are presented 1n.a

"fTab1e 1 5 The serum GTH 1evels, the t1mes of sunr1se and sunset and

‘fd_the temperatures throughout the twelfth day of. the outdoor regwme are .

f‘tshown in’ F1gures 1 12 L. 13 and 1.14. ‘ "‘ . |

% In September (F1gure 1 12) the serum GTH 1eve1s throughout the jif_'

,f.day were re]at1ve1y 1ow (about 2 ng/m1 of serum) and no s1gn1f1cant f]uc-»
”tuat1ons were detected In Apr1] (F1gure 1 13) the GTH 1eve1s through—b
fout most of the day were s1m11ar but a s1gn1f1cant peak (p < O 05) was

; mdetected at 1500h one f1sh in the samp]e taken at 0300h was: ovu1ated

'hfand was reJected from the experwment the serum GTH 1eve1 determ1ned

,'1n th1s f1sh was ten t1mes 1arger than the average GTH 1eve1 in the f1sh:-

- 'samp1ed at O300h Re]at1ve1y var1ab1e GTH 1evels and no s1gn1f1cant

f‘fTuctuat1ons throughout the day were found 1n May (F1gure 1 14) Dur1ng-n~l,

' hthe 24 hour samp]1ng per1od 22% of the f1sh ovu]ated a]] ovu]ated f1sh”il*fﬂkt

fw_were 1nc1uded 1n the exper1ment ' d?d ‘\vgj:'§,7”-’

S mscussmN o

8
s

The da11y var1at1ons Ain serumrand 1n some exper1ments, p1tu1tary

3
GTH levels were determ1ned 1n female go1df1sh subJected to e1ther the

”;712L120/12 C or the 16L80/20 C reg1me for var1ous 1ength$ of t1me in ;f'

_:the 1aboratory, or to an outdoor pond reg1me, at severaggiimes of the yearﬁnejnv.,_

2
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Tabie 1.5: Temperatures, and times of sunrise and sunset'ydu‘r-'in__: the outdoor experiments.

'SEPTEMBER, 1979 APRIL, 1981

W -

Lo dater . time T %% : “s’uﬁHZe_ 'sunset_ fdaiigf oo time T ¢ sunrise: . :sunset
R : - . (time of day) IR e (time of day) <

3

P

s

\Sept 13 10?4" 140 0604 . 1855 - Apr2F .-1032 2.0 . 0520. . 1945

v . , 5 1605 . 713.0 SR
S&{)t'ﬂ #1020 © o Rpr22. 1000 12.0 . 0518 ' 71947
w1700, e AR S

s S 2600 T 1400 e
“Sept 15 - 1030 Apr-23°7 1005 - '13.0 . D515, 1949 -
1620 S ‘o

P G 16100 185 ‘
“Sept 16 . 1015 Apr24 . 3010  13.0 70513 © 1951
L 1700 : R L

_ R "3600 12,07 oo o
"..Sept'17 1045 - T Rpr2s 3010 0 110 0 0511 19530,
Sept 18" 1010 -
Sho e, 1640
" Sept 19 1000
LT 1600
Sept.’20 ;1005 -

3
4 Apr 26
5 ‘
0
1
g
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- Figure 112

Serum GTH 1evels (mean SE, n) and temp%rature through-
n1i0ut day 12 of the outdoor pond reg1me 1n September,_1979

{T1mes of sunr1se and sunset and the resu]ts of Duncan 5

'“f; mu1t1p1e range test are shown at the top of the f1gure

v\}ﬂ',T1mes of- feedyng (1nd1cated by arrows) are_shown at thE,” gf"
 bottom. - e e e ET e
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’Figuré 1.14. Serum GTH levels (mean-* SE, n) ahd temperature throughout :
| - day 12 of the outdoor pond regime in May, 1981. - o

See caption of Figure 1.13 for more.depaf1.
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' '1Tar1t1es 1n the patterns of .the da11y cycles in GTH TeveTs detected

50

:Wh11e no fTuctuat1ons and low serum GTH levels were found in f1sh in
early stages of ovarian recrudescence subjected to- 12L12D/12 C for up
to 3?-days in Noyember, s1gn1f1cant fluctuations pers1st1ng at_Teast
up to 32 daysewere detected in fiSh_inﬂTatter stages ot pvarian recrudr
escence held under this regime in March A single daiTy peak in serum
GTH TeveTs was found in fish her under the 16L80/20o C reg1me the
peak was evident on days 5 to 7 1n November but it was not detected un-
til days 11 ‘to 13 in March. Unlform high' serum GTH Tevels throughout
the day were found in November and March in f1sh sbbJected to 16L8D/20 C
‘for 30 to 32 days The serum GTH Tevels in f1sh subjected to the outdoor h
cond1t1ons of photoper1od and temperature were s1m1Tar to TeveTs reported
_ prev1ous]y for f1sh her under s1m1Tar but constant cond1t1ons of photo-.
per1od and temperature in the Taboratory H1stoTog1caT data.suggestede
that oocyte growth tended to be greater in fish that had s1gn1{1cant
lfTuctuat1ons in -serum GTH TeveTs throughout the day than in fish with .
constant;highvorjlow serum GTH Tevels. 'Eurthermore, constant high serum
- GTH TeveTs were correTated'with atresia of the oocytes |

The - exper1menta1 des1gn used in the Tong and short term stab111ty
exper1ments (see F1guren1.1), ‘and also in exper1ments d1$cussed in other

e —

Peter (1978 1980) Therefore, compar1son of data is poss1bTe and ST

in th1s and prev1ously reported studwes are po1nted out. As prev1ousTy,

fish were bTood sampTed at six d1fferent times of the. day during three

. consecut1ve days, and the values were recomb1ned to construct one 24

; hour period. The underTy1ng assumpt1on is that the pattern of fluctua-

' t1ons does not change s1gn1f1cant]y dur1ng the three’ samp11ng%days L -
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The short term'stabi]ity.experiment in which fish in early stages of

) ovarian recrudescence were subjected to 12.120/12° C for 8 days, then

T to 16LSD/20°'C for 7 days in December‘ verified this %ssumption. This
part1cu1ar acc11mat1on reg1me was used s1nce data prov1ded by the 1ong
term acc11mat1on exper1ment in November showed that a- single re]at1ve1y
. 1arge mid-day peak in serum GTH 1eve1s becomes estab11shed w1th1n the
first 5 to 7 days of exposure to 16L8D/20 C. 1In December, s1gn1f1cant
,f1UCtuations in serum GTH 1evels were found'on each,of the three sam-
,pl]ng days, the va]ues at 1100h a]ways being h1gher than at 1900h
‘»Furthermore, the - mwd day peak GTH 1eve1s and the nadir GTH 1eve15 d1d
not change s1gnf1cant1y from day to day. This. suggests that the day

to day changes in the patterns of the da11y cyc]es 1n seruin f are

7neg11g1b]e within a g1ven popu]at1on, and therefore recomb1n1ng values-

from three consecut1ve days to obtain a da1]y cyc]e is acceptab]e Some
‘support for th1s has been a1so provided by the outdoor pond exper1ments

in wh1ch f1sh were samp1ed in one.24 hour period. Desp1te the differ-
'ences between the laboratory and the outdoor conditions of photoperwod

_and temperature, the cyc]es detected in fish subJected to s1m11ar regimes -
in the pond and the 1aboratory were comparab]e, although»fjsh~were samp]ed -
‘throughout three days in the latter - | |
| - The 1ong term stab111ty experiments carrted out in November and

' March provided data about the tempora] changes in- the patterns of da11y
GTH cyc]es in f1sh held under the 12L120/12 C and the16L80/20 C reg-
"m The serum GTH levels were re]at1ve1y uniform and Tow throughout

| the day in f1sh in ear]y\ stages of ovar1an recrudescence subJected to

_'12L120/12o C'for 8 days, or an add1t1ona],32‘days in November. " However,:

o
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v

~

-subsequent to 8 days under th1s reg1me, if fish were exposed to 16L8D/ -
’20 C, a s1ng1e peak was detected 5 hOUrs after the onset of 1ight on
days 5 to 7, while the levels rema1ned low throughout the rest of the
day. As the exposure to the 16L8D/20 C reg1me was extended these 1ow
‘ ]evels seemed to gradua]]y increase so ‘that on days 30 to 32 the mid-
day peak was no 1onger ev1dent and the serum GTH 1eve]s were re]at1ve1y
.constant and high throughout the ent1re day. These data confirm and
~extend data reported by Hontela and Peter ( 978)-who demonstrated that
©no f]uctuat1ons ‘and 1ow serum GTH 1eve1s were found in recrudesc1no fish
' subJected to short photoper1od and co]d temperature and a mid-day peak
was detected in f1sh subJected to 1ong photoper1od and warm temperature
for 7- to 9 days in January

In tHe November long ‘term experiment, s1gn1f1cant da11y f1uctuat1ons

‘1n p1tu1tary GTH 1eve1s were found 1n the two groups of f1sh in ear]y

' recrudescence exposed to 12L12D/12 C for 6 to 8 days and to 16L8D/20 C

_for 5 to 7 days In the former group, the h1ghest GTH 1evels “in bot
the serum and p1tu1tary were found at 2300h, but a. pos1t1ve"corretat n,
of the two parameters was not found S1m11ar1y, although th pat_erns .

of da11y f]uctuat1ons in serum, and pﬁtu1tary GTH 1eve1s 1n f1sh h 1d

, at two times of ‘the day in the go]df1sh

and did not find ':7

negat1ve corre]at1on

v
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the hour]y secretlon rate of GTH is ca]cu]ated from the metabo11c clear-
ance rate (Cook and Peter, 1980a) and the serum GTH levels, it appears
that the amount of GTH released hourly is only a small proportion of |

~ the amount of'GTH stored in the pituitary: How synthesis and degrada—
‘tion of GTH in‘the‘pituftary‘re1ate to the secretion rate is not known.~
Mean pituitary and serum GTH levels were 1ncreased in f1sh exposed to
16180/20 C for 5 to 7 days compared to the 1evels found 1n f1sh held

| under'12L120/12 C. While the mean serum GTH 1evels 1ncreased further

- on days 11 to 13 and. rema1ned high on days 30 to 32, the mean p1tu1tary
GTH 1eve1s on. days 11 to 13-and 30 to 32- were similar to the levels &

| found in f1sh subJected to 12L120/12 C. Possibly, the p1tu1tary GTH =
1eve1s decreased when exposure to the 16L8D/20 C reg1me was extended

' because the re]ease of GTH exceeded synthesis, a]though further. inves-

‘ t1gat1ons are required to test th1s hypothes1s Neverthe]ess, s1nce

; the patterns of ‘serum GTH 1eve1s changed 1ndependent of the changes in

'p1tu1tary content 1t seems that, in theapresent case, GTH synthes1s

A,’ 1s not: a determin1ng factor in the da11y.cyc1e of GTH re1easef

g The 1ong term stab111ty exper1ments scarried out in March prov1ded
5ﬁfi’data perm1tt1ng a compar1son of the: 1ong term effects of the 12t12D/12 C
71;2 ;and 16L80/20 C regimes on GTH Tlevels 1n f1sh in ear1y recrudescence
’~t(November) and in f1sh in the latter stages of recrudescence (March)
' Two daily peaks in serum GTH levels were found in f]Sh subJected to.the
. 12L12D/12 C regxme in March ‘one around the onset of light, and the ,
other 13 hours 1ater. A1though on]y one of the peaks was c1ear1y de-(
fined after the first 8 days of exposure to the.12L120/12° C regime, the

'cycle w1th two peaks per51sted for at least 32 days A simi]ar daily

.cyc1e has, been reported by Hontela and Peter (1978) in f1sh subJected

i
¥



fvto short photoper1od and con temperature for 7 to 9 days in’ spn1ng, ffﬂ o

. the f1rst peak was - found at the onset of 11ght the second 12 hours 1 0% J

N Tater A s1ngTe m1d day peak in serum GTH,Jevels was found in: f1sh ex-"‘

g';fposed to 16L8D/20 C for 1 to 13 days in March in’ the present study, Lo

»Va‘no s1gn1f1cant fluctuat1ons were found aften 5 to 7 days, in- contrast

A

S to the November exper1ment Interest1ng]y, a. m1d day peak was found

1S

'T,Bby HonteTa and Peter (1978 1980) in mature femaTes exposed to 16L80/

[,20 C for 7 to 9 days 1n March and Apr11 At present, it can on]y Be

i postuTated that 1n f1sh 1n Tatter Stages of ovar1an recrudescence an B

'”{exposure to 16L8D/20 C of at Teast 7 to 9 days is requ1red before the‘ffm?'fff:‘

‘v;da11y cycTe 1n serum GTH Teve]s 1s estabT1shed No s1gn1f1cant da11y
‘*fTuctuat1ons 1n serum GTH TeveTs were found after exposure to 16L80/

;1120 C for 30 to 32 days, the GTH TeveTs were h1gh a d reTat1veTy constant
, i

"Heithroughout the day, aTthough the h1ghest TeveTs were st1TT found 1n the

'ffwf1n the group her under 16L8D/20 C for 5 td 7 days than 1n the gr0up

f ff'her under the 1n1t1a1 accT1mat1on reg1me and further 1ncreases 1n the

”v,iserum GTH TeveTs occurred at 11 to 13 days apd 30 to 32 days The p1t-

o :u1tary GTH TeveTs d1d not fTuctuate throughout the day 1n any of the

. A
qgroups 1n the March Tong term experiment The mean p1tu1tary GTH Teve]s

?7‘,1n the f1sh he]d under the 16L8D/20 C for 5 to 7 days were s1m11ar to

'uffﬁthose exposed to the 1n1t1a1 acc]]matTon reglme,vbut were s1gn1f1cant1y

b’:fyless tha i f1sh exposed to 16L80/20 C for 11 to 13 or 30 to 32 days

o fThe data concern1ng the da11y cycTes or the means Teve]s 1n serum and

S8

ft;fithultary GTH Teve]s 1n March show, s1m11ar to the November exper1ment

'7k:athat serum GTH TeveTs may change 1ndependent of the p1tu1tary GTH TeveTs o

trlfearTy port1on of the photophase The mean serum GTH TeveTs were greater ff'-f"":
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"' The present study demonstrates that there are fenCESfiﬁvfhEEA'ﬁ'

?iresponses of female.go1dfiSh to exposurebtotiZE: % Cfand 16L8D/20 c
"*'reg1mes 1n November and March 1n terms of the patterns of the da11y
1tcyc1es 1n serum GTH 1eve]s : Wh11e re]at1ve1y constant and 1ow serum
GTH- 1eve1s were found 1n f1sh in. ear]y recrudescence subjected to 12L42D/
>,12 C in November for up to 32 days, a da11y cycle w1th two peaks in. h
’,A‘serum GTH levels whlch pers1sted for at 1east 32 days Was: detected under ;ﬁ,
treg1me in: f1sh 1n 1atter stages of recrudescence 1n March ( “A if_f‘

: 1
;ﬁda11% cyc]e w1th one peakes-hours after the onset of 11ght was detected

‘5 in f1sh held under 16L80/20 C reg1me 1n both November and March How- :
t;rever, wh1]e th1s pattern cou]d be de ected on days 5 to 7 1n November,‘
?i11 to 13. days were requ1red in Marc% } The d1fferance 1n the gonada] |

.{cond1tton of f1sh undergo1ng ear]y bvar1an recrudescence and mature f1sh

*‘f w1th ovar1es conta1n1ng some oocytes that comp1eted v1te11ogenesws may

"fngarch Seasona] changes 1n the

N

,;be an 1mportant factor caus1ng th observed d1fferences in responses

:fof the fish to the 12L120/12° Cand 16L8D/20 < reg1mes in November and
/

lood 1evels of sex stero1ds (Schreck
:fand Hopwood 1974 Y Nagahama, persona] commun1cat1on) and the ovar1an nf‘
@dvfeedback effect on the hypotha1 no- hypophys1a1 ax1s may 1nf]uence the o
respons1veness of the ax1s to env1ronmenta1 cues at var1ous t1mes of '
:t:fthe year Var1at1ons throughout the year 1n the effect of castrat1onl b;
FJ(BT11an et aZ 1976 1977 B111ard 1978) and ster01d treatment |
v:(B11lard 1978) on GTH secret1on 1n ra1nbow trout have been reported
fSeasona] d1fferences 1n the effects’of p1nea1ectomy, b11nd1ng and mela-»fv;v
: ‘ton1n adm1n1strat1on on da11y cyc1es 1n serum GTH 1eve1s 1n go1df1sh B

‘Q e

~;-were a]so observed 1n the present study (ﬁhapters 2, 3 and 4)




?,f ~4Jn the exper1ment

ﬂ&W"'

Nt :
P a

The present study prov1des data wh1ch aTTowh‘ for the f1rst t1me,

i vf N

“'Ta compar1son of the da1Ty cycTes in serum GTH TeveTs in fish. subJected

to Taboratory and outdoor pond cond1t1ons ‘ F1sh were fed at 1000h and ‘

o 1600h 1n aTT the pond exper1ments, 1n an aitempt to controT th1s envir= -

' onmentaT var1abTe The effect of feed1ng on- da1Ty GTH cycTes is 1nves—":c”'“

'it1gated Tn Chapter 2 F1sh subgected to the outdoor pond cond1t1ons 1n _fl

’”'_'September had regressed gonads and the serum GTH Teve]s found 1n these.ﬁf

' 7f1sh were constant and Tow throughout the day. Th1s 1s cons1stent w1th:

’prev1ousTy reported data thCh showed that smaTT or no fTuctuat1ons in

'”1‘serum GTH TeveTs are%found in regressed f1sh exposed to var1ous photo-\ N

g.per1od and temperature reg1mes (Vod1cn1k et aZ 1978 Honte]a and

'gPeter, 1978 1980) on the other hand, in the Pond expe”me”t in Ap‘"” »

Tja s1gn1f1cant peak 1n serum GTH TeveTs was found 10 hours after sunr1se B

&

. 1n fema]es 1n the Tatter stages of ovar1an recrudescence The temper-.

Tﬂ‘

' [fature throughout th1s exper1ment was con and the photoper1od was grad— e

"‘*M{uaTTy 1ncreas1ng, on the day of sampTwnﬁk 15LQD/11 . reg1me was re- /;ﬂ?

»’//",’

”jcorded The pattern 1n serum GTH TeveTs was vgp%.s1m11ar to the one

‘\

’A'L‘:reported for mature f1sh subJected to the 16L8D/120 (of reg1me for 7 to r o

9 days in March in. the Taboratory, a s1ng1e peak 1n serum GTH 19V€15

7§was detected 12 hours after the onset of T1ght (HonteTa and Peter 1978)tf§'15

'.fIn the outdoor exper;ﬁent 1n May, severaT f1sh (22%) ovuTated dur1ng P

'the experlment and n s1gn1f1cant da1]y fTuctuat1ons were detected

whether or not the erum GTH: vaTues of the ovuTated f1sh were 1ncTuded

preovuTatory surge f GTH 1n the gonf1sh (Stacey et aZ ; 1979a), and

: Serum GTH Teve]s 1ncrease dramat1caTTy dur1ng the_".

the h1ghTy var1abTe serum GTH TeveTs found 1n f1sh 1n the May exper1ment} ‘




f.pond are s1m11ar to. the cyc]es found 1n the 1aboratory, when s1m11ar

'_»'was co1nc1dent w1th f1sh hav1ng ovar1es

o
s

fm1ght be caused by ovu]at1ons wh1ch were not synchron1zed w1th1n the h» o

;populat1on In conc]us1on the data prov1ded by the outdoor exper1ments

. demonstrated that the cyc]es 1n serum GTH 1n f1sh kept 1n an outdopr

»o

t'-photoper1od and temperature reg1mes and sexua] cond1t1ons are compared
‘:Furthermore, a]though the effects of warm temperature reg1mes were not
| elnvest1gated 1n\\he present study 1n an outdoor pond Breton et aZ
| (1972) reported a dal]y cyc]e 1n serum GTH 1evels 1n mature fema]e go]d—.“
r3f1sh he]d under outdoor summer cond1t1ons of photoper1od and temperature -

17‘The pattern was s1m1]ar to the one reported by Honte]a and Peter (1978, o

.1980) for mature f1sh he]d under a 16L8D/20 C reg1me Aan. March in the

a]aboratory

The data from the outdoor exper1ments prov1de some" support for the‘ :

'ghypothes1s that da11y cyc]es 1n serum GTH 1eve1s are 1mportant for ovar— o

‘1an deve1opment, s1nce ‘a s1gn1f1cant da11y f]uctuat1on 1n serum GTH

’;h1evels was found 1n preovu]atory mature fema]es kept under natura1 con- _.?:‘
":~d1t1ons of photoper1od and temperature The present study 3150 prov1ded
h'sdata perm1tt1ng a corre]at1on betweeen the patterns of the da11y cyc]es
ebf.1n serum GTH ]eve]s detected 1n f1sh subJected to 1aboratory photoper1od

‘tand temperature reg1mes, and ovar1an cond1t10n as determ1ned by h1sto]- IIP:

:.ffogy In genera], a s1gn1f1cant da11y f]uctuat1on 1n serum GTH 1eve1s

'th tew atret1c oocytes and

Avw1th oocytes that seemed to be growlng more rap1d1y than in f1sh hav1ng

“'jﬁ'tConstant and 1ow serum GTH 1eve1s through0ut the day 1" add‘t1°"’u‘;-fpaﬁlf

7constant h1gh serum GTH 1eve1s throughout the day;corre]ated w1th atre—' .

3jjt1c oocytes The 1ong term stab111ty exper1ment carr1ed out w1th fISh
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|

[ o

f1 :undergo1ng ear]y stages of ovar1an recrudescence in November 111ustrates
'these pomnts Ovar1an deve]opment as 1nd1cated by a 1arger number of f"
"oocytes 1n the 1 and 2 yo]k stage was more advanced 1n fish subJected A
‘:to i6LBD/20 C for 11 to 13 days, than 1n f1sh he]d under 12L12D/12 C |
xlfor 8 or 32 days A s1m11ar but stat1st1ca11y nons1gn1f1cant trend was o
" obserVed in the group he}d under 16L80/200 C for 5 to 7 days F]uctua-

'twons 1n serum GTH 1eve1s were found on]y in the two groups exposed to |

[16L80/20 C, a1though on]y 1n the group he]d under th1s reg1me for 5 to v*_;

7,=17 days were they s1gn1f1cant Furthermore, the greatest proport1on of

: ﬂf'atret1c 0var1es was@ﬁouhd 1n the group he]d under the 16LBD/20 C reg1me

| 'vfor 32 days, a, group in. wh1ch serum GTH 1evels were h1gh and constant '

ﬂgfi throughout the day S1m11ar trends were a]so observed in the 1ong term

‘_stab111ty exper1ment carr1ed out w1th fema]es 1n the 1atter stages of

:'{ovar1an recrudescence 1n March Constant h1gh 1evels 1n serum GTH were f' S

' f}.corre]ated w1th a high proport10n of 59V€re1¥ atrEt‘C ovaries in the

| ;'groups held under 16L80/200 C for 32 days 1n March 1979 and 1981 N1th

Soatot

‘the- except1on of the group kept under 16L8D/200 C for 5 to 7 days, the

J'<h-groups exposed to 16L80/20° C for 11 to 13 days, and 12L12D/12 C for 6.

to 8. days or 30 to 32 days had Very few atretwc oocytes and ovarwes that |

- ?Ewere apparent]y act1ve1y undergo1ng v1te11ogenes1s co1nc1dent w1th sige

i{n1f1cant f]uctuat1ons 1n serum GTH 1eve1s The present study suggests

}ﬂfthat h1gh GTH 1eve1s 1n the blood st1mu1ate ovar1an deve]opment only 1f

””*fffhe h1gh 1eve1s are 1mposed dur1ng restr1cted port1ons of the day, d.5

:'“fnot over the ent1re 24 hour per1od Although G111et et aZ (1978) re- EEN

.f;ported ovarian’ regress1on in go]df1sh that had hrgh serum GTH 1eve1s,; S

“1,stud1es 1n wh1ch GTH 1evels were determ1ned once a day showed that 1n-f

'flcreased blood GTH 1evels are genera]1y assoc1ated w1th a st1mu]at1on of



'_Frelat1ve1y h1gh rate However,rb]ood GTH- ]evels were not determ1ned

- in these stud1es and the contr1but1on of endogenous GTH secret1on is.-

ovar1an deve]opment (for rev1ew see Peter, 1981) However, it is ndt

known whether the b]ood GTH 1evels in these exper1ments were constant]y

‘h1gh throughout the 24 hour perlod because multiple samp]1ng was not

carr1ed out and the t1me of samp]1ng was usua11y not spec1f1ed

Reports of st1mu1at1on of gonada] maturat1on by GTH adm1n1stered
/"

‘Aby pe]let 1mp]antat1ons in the go1df1sh (Khoo, 1980) and pink sa1mon
- (MacK1nnon and Dona]dson,\1978) cha]]enges the postu]at1on that f]uctu- -

‘at]ng serum GTH 1eve1s promote gonada] deve]opment, s1nce 1t may be

assumed that GTH was re]eased from the capsu]e at a steady, and poss1b1y B

-’

,not known in these C1rcumstances S1m11ar exper1ments carr1ed out w1th

| hypophysectom1zed f1sh amp]anted W1th GTH cap5u1es cou]d be. des1gned to- .:i

é;'test further ‘the hypothes1s that steady and h1gh serum GTH 1eve1s are‘ |

1detr1menta1 to the te]eost ovary

Ev1dence for a phys1o]oglca1 ro]e of the da11y cyc]es Jin b]ood ','

1evels of GTH in st1mu1at1on of gonada1 deve1opment in te1eosts is st111

:f11m1ted ‘ The respons1veness of the ovary to exogenous GTH has been

- shown to vary throughout the day in the sh1ner(de V]am1ng and Vod1cn1k

) 1977) and go]dﬁsh (Peter et al., 1982), a greater S“mu]atw" of"-

ke Honte]a and Peter (1978) S1m11ar]y, Kuo and Watanab

g

f_da11y var1at1ons in the product1on ofdé AM:if

t1me of the day than at other t1mes In the go1df1sh acc11mated to

’v16L80/140 [ the t1me of greatest reSpon51veness to 1n3ected GTH co1n4

ovar1an growth was. ach1eved by GTH 1n3ect1ons g1ven at one part1cu1ar

c1ded w1th the t1me/of the da11y peak 1n serum GTH as reported by

:°(1978) demonstrated"'

“‘“«?" iR
%



- metabo]1sm in such a way as to'%

-

: prostagTandins by ovaries of Mugtl‘eephalus These data suggest that

the st1mu1atory effect of GTH on the. ovary does not depend only on the
“amount of GTH a@qﬁﬁab]e throughout the day, but also the time of day

durTng which GTH 1s present The da11y var1at1ons in the response of
the teleostean gonads to GTH m1ght be re]ated to daily f]uctat1ons 1n

tﬁe number and/er)act1v1ty of the. gonada] GTH receptors The desens1-

. t1z1ng effect of constant and h1gh serum GTH 1eve]s on the ovary in

mamma]s is thought ‘to be the resu1t of down regu]at10n of ovar1an GTH
receptors (see Introduct1on) data prov1ded by the present study suggest
~that th1s may a]so occur in the go1df1sh A]though ovar1an GTH recep-

tors were character1zed and/or man1pu1ated in representat1ves of a11

¥

= vertebrate c]asses (e g Chan et aZ , 1981; Tsut5u1 and Ish11 1978

L1cht et‘aZ', 1977 Kubokawa and Ish11 1980),hsuch 1nvestlgat1ons\ane 1
not yet been carr1ed out in te]eosts | S L

" The poss1b111ty rema1ns that the atres1a of oocytes in the. presence -

"?j of hlgh and constant b]ood GTH 1evels may not be d1rect1y caused by the :

pattern of GTH 1evels but rather, by other factors assoc1ated W1th the h
1ong term exposure to the 16LBD/20 C reg1me It}has been reported that 4
temperature 1nf1uences sex stero1d synthes1s by the test1s of the go]d—v
fnsh (K1me 1980) and the hepat1c tatabo11sm of ster01ds 1n ra1nbow trout Ak

-

and go]df1sh (K1me andSaksena 1980) In add1t10n, W1egand and Peter

.(1980) reported changes in 11p1d metabo1lsm in. go]df1shrcaused by temp— -

erature Poss1b1y, 1ong expos; e to 20 C 1nf1uences stero1d or 11p1d

( gzse atreswa of the oocytes

The present study demonstrated that pred1ctab]e da11y cyc]es 1n

serum GTH 1evels occur 1n f1sh 5ubJected to spec1f1c sets of photoper]od
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and. temoerature conditions. :The cyc]es‘afe‘simi]ar in fish ként‘in the
1ab6katorv and in fish Subjected to Similar‘outdoor cdndjtions of jiaht
'and temperature. Furthermore. while sianificant daily fluctuations in
"serum GTH 1evels seem to stlmulate ovarian deve1opment more than constant

| 1ow 1eve1s 1n most 1nstances constant h1gh serum GTH 1evels were assoc-

'.J1ated w1th atres1a of the oocytes



CHAPTER 2: EFFECTS OF ENVIRONMENTAL CUES ON
: ’ DAILY GONADOTROPIN HORMONE CYCLES

g INTRODUCTION

It js we11 estab11shed that seasona]]y breed1ng teleost f1shes use :
various env1ronmenta1 cues to regu]ate the1r annua] reproductive cycles.
A ‘Both photoperiodaand temperature have been shown to influence gonada1
deveiopment in many te]eosts A1though‘e2ceptions'are known.-most sal-
_‘cmon1d f1shes acce]erate gonada] recrudescence under decreasing photo-
_per1od and cold temperatures while gonada] dev;1opment in cypr1n1ds is
st1mu1ated by 1ncreas1ng photoper1od and warm1ng temperatures (for rev1ew, ‘
see Htuanan,.1977, Billard and Breton, 1978; B111a$$49t aZ » 19783
xPeter and Crfm; 1979; and-Peter 1981). Extens1ve work has been carr1ed
out on the effects of env1ronmenta1 cues on b]ood or pituitary GTH 1eve1s
(for a recent review, see Peter, 1981), but’ few stud1es have attempted
.to determ1ne the effects of such cues on GTH levels throughout 24 hour

per1ods The few reported stud1es were concerned w1th the effects of

'photoper1od and temperature only (Breton et al., 1972 Vodicnik et al.

B
NN

1978, Honte]a and: Peter 1978 1980), whereas the effects of other cues
such as. feedlng times have not been cons1dered The patternfof the
da11y cyc]e in serum- GTH 1eve1s is 1nf1uenced by. photoper1od temperature, ‘

sexua] cond1t1on, and as shown in. Chapter 1, by the 1ength of

iacc11mat1on per1od to the env1ronmenta1 reg1me A]though data n@%ented
“in th1s manuscr1pt 1nd1cate that the patterns .of the cyc]es are predic- -
table 1n f1sh subJected to spec1f1c sets of env1ronmenta1 cond1t1ons in
the 1aboratory @nd in an outdoor pond the re]at1ve 1mportance of the

: \ﬁ ' :

Ay
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' varidus environmenta]'cueS'in entraining and modulating the pattern ofu
.:the daily cycles 1in serum GTH levels is not known.

The 11ght-dark cycle (LD) is a powerfu] entraining or synchron1s1ng
‘stimu1us for variods daily rhythms, including true circadian rhythms
in_p]ants and animals (Bﬁnning; 1973; Ménaker and Zinmerman, 1976;

_ Kava]ders,v1979; Wever,,1980; Czeis]er'et al. | , 1981), and various. da11y
'endocrine rhythms (1nc1ud1ng those of teTeost fishes, for review see
Matty,- 1978) that may not be - ﬁru]y c1rcad1an s1nce they do\not persist
under eonstant conditions.. It has been established that the preovu]a—‘
- tory LH sUrgegin many'mammaliaﬁ species is synchronised to the LD cycle
(Colombo’ et aid; 1974;iBa1dwin and Sawyer, 1979)1 In mature male Japan-
eSe,quaij kept underga‘long'photoperidd,'a peak,in’the'gpnadoﬁropjc‘
activity ofnihe bitudtarv is'usua11y détected near.the end of the Tight
.phase, a sh1ft of the onset t of the photoper1od results in a shift of '
hthe peak towards. the: end of the new 11ght phase (Hash1gush1 et aZ o
1977b). Stacey et al. (1979b) howed in. the goldfish that the timing
of spontaneous ovulat1on is synchron1sed w1th photoper1od ovu]at1on ‘
' occurr1ng in. the 1atter part of the dark phase even under reversed photo— '
'perlod-' Since ovulation in goldfish is preceded by a surge 1n b]ood
‘jeve1s of.GTH_(Stacey et az., 1979a), these data suggest that the surge
can ‘be synchron1sed by LD. The effeets of shifts in‘the LDveyele on
'the patterns of the da1]y cyc]es in. serum GTH Ievels have not. been 1nves¥ ‘
; tigated, however 3 r |

Feed1ng schedu]es have been shown to entra1n ‘some da1]y endocr1ne

'rhythms Da11y f1uctuat1ons 1n p]asma cort1costerone 1eve1s in the rat

: .are synchronxsed by the LD cycle and- feed1ng t1mes (Fukuda et al., 1977



64

IHo]]oway et al., 1980); in constant light conditions (LL or DD), the

feeding'schedu1e alone can entrain the rhythm}(Krieger,'1974, 1980;
Krieger et al., 1977; Morimoto et al., 1977; 1979;. for review; see
‘Boulos and Terman, 1980);:A0511y cycles in serum cortisol and.tota1
corticoids levels have been‘deteCted‘in the go1dfish (Fryer, 1975;

Delahunty et'aZ s 19785' Deter et al., 1978b), and- recent]y, it has been

' demonstrated that sh1ft1ng the timing of the single da1]y mea1 w111

shift the peak in p]asma cort1so] (Sp1e1er and Noeske, 1981)3 or mod1fy
the pattern of the daily cyc]e in cort1 o1ds levels (Delahunty et aZ.,
1978b) A daily cycle 1n plasma thyrox1ne 1evels detected 1n ra1nbow
trout (wh1te and Henderson, 1977; Osborne et al., 1978) and go]df1sh
(Spie1er and Noeske, 1979) can be'mod1f1ed but not shjfted by changes'

in the timeS“of feeding (Spieier and Noeske,.1981; Eales et aZ', 1981). "

)

.S1m11ar1y, the pattern of daily fluctuat1ons in 11ver g]ycogen, and

plasma glucose and 11p1d Jevels 1n ‘the go]df1sh were 1nf1uenced by

changes in feed1ng t1mes (De]ahunty et al. '1978b) It seemS'therefore;

:_that a sh1ft of feed1ng times can e1ther shift or mod1fy the patterns |

of some - daily endocrine and/or metabolic rhythms in te]eosts The

effects of-feed1ng t1mes on the daily GTH cycles in teTeosts have not

- been determ1ned and furthermore, the re]at1ve 1mportance of feed1ng

times and the LD cyc]e in entra1n1ng the da11y rhythms has not been in-
vest1gated
: L1tt1e is known about the effects of temperature in entratnment of

daily hormona] cyc]es 1n te]eosts The re]evance of th1s quest1on is.

' ,suggested -by . ‘the fact that po1k1lotherm1c organ1sms may experlence

A

diurnal f]uctuat1ons in temperature in their natural environment, and

* the fact that some £1shes, 1nc1ud1ng the go]df1sh, exh1b1t d1e1 rhythms
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of'preferred temperature in~lree choice experiments in the 1aboratory
(Reyno1ds et aZ , 1978a, 1978b Reyno]ds and Caster11n, 1978) It has
- also been reported that the c1rcad1an rhythm1c1ty of events such as-
ec]os1on and d1apause in insects can be entrained so]e]y by daily thermo--
cyq]es under»constant‘11ght conditions (Z1mmerman et al., 1968; Saunders,
1973). o S o
In: the present study, the effects of shifts in the LD cyc]e and
feed1ng t1mes and also of a d1urna1 temperature reg1me on the da11y
cycle'1n serUm GTH levels and ovar1an development in the go]df1sh were_
. investigated' In the f1rst series of exper1ments, it was determ1ned |
whether a simultaneous sh1ft in the onset of T]ght and the feeding t1mes
"_caused an appropr1ate sh1ft in the pattern of the GTH cyc]e Next
the re]at1ve 1mportance of the LD cycle and feed1ng in entra1nment of -
the GTH cycle was 1nvest1gated by sh1ft1ng the LD cycle and the feed1ng
: t1mes separate]y - The effects of sjnusoidal diurnal temperature reg1mes,
w1th the warm phase be1ng imposed either dur1ng day or during night, on

the GTH cyc]e,were also investigated.

| MATERIALS]ANDlMETHODS

See Mater1a1s and Methods of Chapter 1 for descr1pt1ons of exper1-

mental animals (sectlonvl), initial acc]1mat1on reg1me (section I1),

:biood'sampling technique‘(sectlon.III) rad1o1mmunoassay for GTH (sec-

tion 1IV), histo1ogy¥(sectien V) and stat1st1ca1,ana1ys1s (sectjon VI).

o



I. -~ Environmental regimes and sampling schedules

“Light and feeding shift experiment = h fn"

Following the 1n1t1a1 acc11mat10n per1od se]ected f1sh were trans- o,
ferred into two f]ow—through 380 L aquar1a ma1nta1ned at 12L120/12 0
C. L1ght went on at 0600h and the f1sh were fed at 1000h and . 1600h in
:the control group.~ In the exper1m%nta1 group, the onset of 11ght and |
the feeding times were;sh1fted by 8 hours, so that the 11ght went on at
1400hAand thevtish were fed at léOOh and 2400h;"Afteh 8 days, the . |
expértmenta] regime (16L80/20 +1° C) was inposed for: 11 to 13 days.
Lights Were turned on and fish were fed at the same times as during the
“'12L120 regime (see Figure 2.1)f Blood was sampled at the etandard_
sampling times throdghout days 11, 12 and 13 of the 16L80/20 + 1° C re-

~ gime in April; GTH levels in the blood and GSI's were determined.

‘Light or feeding shift experiments

| ' Fo]]owing‘the'initia] acc]imatidn'period,~fish were weighed;‘thans— o

]'ferred into three 380 L tiow;through aduariazand subjected tdYIZLIZD/

"iz £1° ¢ for 8 days. Light went on at 0600h and Fish were fed at 1000n
4and 1200h in the contro] group In the seeond group ("feeding‘shift"
;group) 11ght went on at 0600h and fish were fed at 1600h and 1800h -

";In the third group ("11ght shift" group), 1ight ‘went on at 2400h and

fish were fed at 1000h and 1200h." Then, the experimental regime (16L8D/
20 + 1° C) was imposed for e1ther 5 to 7 or 11 to 13 days buring this
per1od the 11ght went on at the same time as dur1ng the 12L120 reg1me
but the feed1ng t1mes were changed the control and the “11ght sh1ft"‘
groups ‘were. fed at 1000h and 1500h, and the "feed1ng shift" group was

fed. at- 1600h and 2100h (F1gure 2.2). Blood GTH Tevels and GSI's were
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Figure 2.1. Serum GTH levels (mean SE, n) on days
11 t6+13 of the 16L8D/20 + 1 °C regime in fish subjected to
an 8 hour sh1ft in the onset of light and feed1ng t1mes,
'f; and 1n f1sh held under a control reg1me
The resu]ts of the Duncan mu]t1p1e range test (p'< 0.05) .
pre shown at the “top of the figure. The feeding times (in-
v;o d1cated by arrows) and the exper1menta1 photoperiod reg1mes
’\ are shown at. the bottom” the b]ack hor1zonta] bars represent
the dark phase of the photoper1od the empty bars represent
the 11ght phase o
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‘ ,gdeterm1ned at the standard samp11ng t1mes throughout days 5, 6 and 7
‘;(November) and days 11, 12 and 13 (Apr11) of the 16L80/20 1 o regﬁme
_.Some groups were a]so samp]ed at a few add1t1ona1 t1mes (see Resu]ts,»
'fF1gures 2.2,and 2.3) H1sto1og1ca1 analys1s of the ovaries was carrwed

- o’.Ut "i‘n' Kpm only. | | |

. Temperature exper1ment°'-'

Fo]]ow1ng the 1n1t1a] acc11mat1on per1od f1sh were transferred\tnto/
K three 380 L f10w through aquar1a and held under 12L12D/12 1 C for 8
‘days The 11ght went on at OBOOh and f1sh were fed at 1000h and 1600h

1mes rema1ned the same throughout the

&,?f! '

7 the onset of 11ght and feed

Tpent1re exper1ment Subsequ
1'1n a]] three groups and the g per1menta1 temperature reg1mes (see F1g-
:,ure 2 4) Were 1mpoeed'n the contro] group, the temperature was ra1sed ‘

0 C du 1ng the f1rst 12 hours of the f1rst day of the
#,

,’the photoper1od was extended to 16L8D ' ,f"d

"hfinga' é'i"f;(Start‘"g at 0800h) and ma1nta1ned at 20 1 C for the .§j5‘7;ﬂ.

~fent1re experiment In the second group ("h1gh day" group) the temper- ;-;f

‘ aturestartedrto 1ncrease at 0800h 20 C was reached at abOut 1100h and

"l"was ma1nta1ned unt11 2000h At th1s t1me, temperature started to de-

f_crease 12 C was atta1ned at about 2300h and ma1nta1ned unt11 0800h

“':ffIn a s1m1]ar fash1on the temperature uaS'ra}sedgtouZO-;deur1ng:nlght-t{;__,: s

‘and 1owered to 12O C dur1ng day 1n the thtrdfgroup (“1ow'daY“ group)
f"'F1sh were samp]ed at the standard samp11ng t1mes throughout.day 14
»gfand 16vofgﬁhe,exper1n@nta%vreg1mes;1n February.% B]ood GTH ]eve]s, GSI s . td

:'f;and;the?histojogical:StatUSJof'the_ovav1es were determ1ned
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)_F1gure 2.4. ’Serum GTH 1eve1s “(mean t SE, n) om‘days

.‘14 to. 16 1n fish he1d ‘under. Var1c§s exper1menta1 temper ture
reg1mes in February ; S Q.\

'The temperature reg1mes and the resu]ts of thewDuncan mu]-

K _1?“ jthe f1gure The - feed1ng t1mes (1nd1cated by arr-ws
. ‘the photoperlod reg1mes are shown at the bottom of the f1gure
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VRESULTS

I. L1ght and feed1ng sh1ft exper1ment

} ~ Serum GTH 1eve1s in fish SUbJected for 11 to 13 days in Apr1] to
a 16L8D/20 1° C regime in wh1ch both the onset of 11ght and the two
- feed1ng t1mes were sh1fted by 8 hours arehéhown Ain’ F1gure 2.1. In the

'contro1 group, a peakv(p < 0.05) in serum GTH was detected at 1100 h (5'

" hours after: the onset of ]1ght or 1 hour after the first feed1ng)
i ?65) Was found 8 hours 1ater 1n the group subJected

‘ *_to the sh1ft ‘The mean GSI va]ues of the two groups were not swgn1f1—_

-cant]y dafferent,‘
'411:"Ltght’dr teeding experiments'

In an exper1ment done 1n November a significant peak (p < 0.05)

- dn serum GTH 1evels was found at 1100h in the control group held under

"16LBD/20 1 C for & to 7 days (F1gure 2. 2) (The p1tu1tary GTH con-
\

.;&tents in. th1s group ‘were also determ1ned and no s1gn1f1cant f]uctuatwons

.:vthroughout the day were detected ) The serum GTH 1evels in the two

- dgroups in wh1ch e1ther the feed1ng t1mes or the onset. of 11ght were

“sh1fted by 6 hours were relat1ve1y Tow and un1form throughout the day

The mean GSI values of the three groups were not s1gn1f1cant1y d1fferent
E In an exper1ment done in Apr11, a peak (p < O 05) in serum GTH |

| leveds. was detected at.1100h - 1n the contro] group subJected to the nv,'*

“16LBD/20 + ﬂo C reg1me for 11 to 13 days (F1gure 2 3) Some f]uctuat1ons

1n serum GTH 1evels were ev1dent .in the two groups subJected to the

; _feed1ng or the 11ght sh1fts but” no stattst1ca1]y s1gn1f1cant dxfferences

were found The mean GSI va]ues of the three groups were, not s1gn1f1cant1y
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) ' -
different, and»histologieal examination of‘the-ovaries did not:revea1
'_any:significant difterences«in cellular composition of}the ovaries (Table
2.1). | | |
| " -The body we1ghts of the fish at the start of the exper1ments in

iy -

e1ther November or April were not s1gn1f1cant1y d1fferent from the we1ghts

recorded at the-end of the‘exper1ments.

I11. ‘Temperature experiments

The experimental temperature regimes and the serum’GTH 1evets in-
'fish’subjected,to'these regimes'are shown in Figure 2.4. In the'contro1
group subJected to 20 + 1 C for 14 to 16 days 1n February, the serum
GTH Tevels throughout the day were re]at1ve]y h1gh and no. s1gn1f1cant
f]uctuat1ons were detected In the group exposed to warm temperature
t on]y dur1ng the day ("h1gh day" group), serum GTH lTevels - found in the,’
ﬁ.ear1y port1on of the 11ght phase were h1gher (p < 0. 05) than the 1eve1s
fdetected at ‘the .end of the 11ght phase ‘and ear]y in the dark phase.
-Serum GTH Tevels in the group subJected ‘to warm temperature only dur1ngrl
n1ght (”1ow day group) were re]at1ve1y 1ow and un1form ‘throughout the
'{day.'l A | A
" The mean 6SI va]ues of the three exper1menta1 groups were not s1g-'

_,nff1cant1y d1fferent; however sore. d1fferences in. the ce]]u]ar compo-’

- sition of_the‘ovaries'wereydetected by_h1sto1ogy (Table 2 2) A greater :
eproportton (p < 0.005) of?ovaries'from‘the control group were severely |
;atretic)compared to the'“high'day" group A compariSon:of the controT..

| ;;and the "1ow day" group. revea]ed a trend (p < 0 1) for a greater pro- -
"ijport1on of severe]y atret1c ovar1es in the control group "~ Also, ovar1es-

. from the contro] and "1ow-day" grpups tended (p < 0.2) to have fewer

L ‘ N
g D
C : - .
o . .
. . T



78

w 4 ‘
o R e ; e - ge=U
1y : 2°078°1. €°0%v°¢ 0*¥L°0 0°¢¥¢°01 - 970701
A o . . S [E=U LE=U
Gt 2°0%L°1 v 0+G°¢E 1°0x6°0 ¢"1¥0°6 8'0%¥1°01
) . S S/ . T
.w - D - - 3 _Hmnc.m, L ﬂmw:
A 2°0%6°1 2°0%8°0 P IFLL 0 LOFL76
- (dnoub-e ur 5 [ . abeis, _ .
A3quiny —muop;mo %) abe3g a9belg FloA . ~ wBLOLSBA abe3s
, e AL0A € o¢ PUB I AL0A sn|oa{dnutuad (1S T X)
S9L4BAD JL3}duje . o v o o ‘ ahA
- K{248ARS 40 Jdquny (35 F x) »Lm>o_wo.wse\mrfuuvwo Jaquiny . 159
‘Lluady uL sjuawiuadxa 341ys HuLpas) 4o/pue JybLy ay3 c_.:mW$ UL S3LARAO 40 :owpwmoasou d

dnoub .

#%w;m 24617

N

a:oym _

331us Bupaay

1

dnoub Fogpcou,

-

L

) dnoag
tejuawiaadxy

* -0861

eLnL13)

ltzralger



(=) h
m~ ? - ’ -
r . - - N - N . .H\\vw\ N n N
(1ro>d) u<y ,.Amoo.o >d) b <4 _. _..Am.o > d) _.m A_u ,.A%m.o v.& 2¥e < = M \/
- . v - wmnq L
;mm 5¢ 0%6°0 55°0%0°9 © 170797 w.mﬂo.mm m.oamww . Aep moq
) ‘ o _ Cosesu =L
gl1 .‘ew.OMHm.o . ,,nwnoﬂm.m £0+1°¢ v p*¥9°0¢€ - STORLTY ~« Keq ubiy
/ e pl 079670 L9°06°S L €°0F'Z, . -§'GTENLE 907G’y L043u0)
| . ,
_ ‘ : ® abe3g :
./ (dnoub-e ut 56p : . S \
. . 1S abe3s 3104 3OLSdA abels ] . .
/ daqunu e303 40 %) - yiop ez pue ALOA  SNLOBLNULID (3¢ 5 ) -
S3LJBAQ Dd[3343e . : 3 . , L (38 7 X) ~dnouy
v " A1943A3S JO J3quNN (38 H.MVszm)o.$o Nse\m—_mu 40 J3qunn _ 1S9 ﬁmpcmewgmaxu

-0861 “A4ENIqa4 :wqucmE_Lmaxm 3njedadua) SY3 UL YSLj UL SILUBAC 4O uo13L50dwod ae|M13) :2+2 alqel

*
W



“oocytes in the 3° yolk stage than the control groUp.’

s o * ) . N

| \ DISCUSSION o
— . ) Q

S,

.
LTSS

Both the LDvcycje and, feeding t{mesxent:ainedAthevsing1e mid-day "¢

peak in serum GTH levels in fish held. under ‘eng\photoperiod and warm

temperature when the ]ight and the feeding cues were\gize;ein a partigr
u]ar_tempora1,synchrony,' The temperature experiments sug sted that the -
effects of warm'temperatUre'on GTH'1eve1svdepend on the time of day of

exposure. While warm temperature'imposedvduring“the'photophase prOmQted‘

Ja daily cycle in:serum GTH levels and stimulated ovarian development,

constant warmth or4Warm temperature given only during scotophase was

- The character1st1c mid-day peak in serum GTH was detected 5 hours after

_ correlated With.uniform GTH levels throughout the day and atresia of

oocytes | .,‘ : o o RN

G,

A s1mu1taneous sh1ft in the onset of ]1ght and in the two feed1ng

, t1mes 1mposed in Apr11 1979 sh1fted the pattern of the da11y cyc]e in-

serum GTH levels™ in fish in: the\latter stages of ovarian recrudescence

- thes-onset of Tight (or 1 hour after ‘the f1rst feed1ng) in the control

group‘he1d under'the 16LBD/20 Crreg1me for-ll to 13 days : The peak

'gwas found about 8 hours 1ater in the—group subJected to the 8 hour sh1ft

-in photoper1od and feed1ng The LD cyc1e and/orhfeed1ng could therefore f

",'hbe con51dered as entra1n1ng cues used by the fish to regu]ate the pat-

tegn of the\:a11y cyc]e in serum GTH‘]eve]s »,w.il"

i%x The role of feed1ng in entga1nment of GTH cycles has not been 1nves-‘“>,“

yéfa ongated prev1ous1y, desp1te the ev1dence that thére are other, examp]es of g

\ :
- [t
o

da11y cyc]es in hormone ]eve]s 1n te]eosts be1ng influenced by . feed1ng

LR

. R T . . L P .
* L ' . . >
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times (see Introduct1on) ' Stace&’bt'hi (1979b) showed that the t1m1ng

of spontaneous ovu]at1ons, and therefore a?so the preovu]atory GTH surge

an the go]df1sh »cou]d be adJusted to a reversed photoper1od within 2

| weeks. However 51nce fwsh were fed dur1ng the - 11ght phase under both

_the normal and reversed photoperiod, the contr1button of feedtng'to-the

"~ mined.

entratnment of the ovulation cyé]e'tofthe new photoperiod was not deter-

S

©

'.'The*relative 1mportanCe of the LD cycle and feeding 16 the entrainé

. ment of the da1]y cyc]e in serum GTH 1eve]s was 1nvest1gated by 1mposwng

a6 hour shift e1ther in the onset of 11§ht or_in the feed1ng t1mesa

in order to determ1ne if photoper1od or feed1ng a1one cou]d entra1n the

' GTH cyc]e A s1ng1e mid- day peak in_serum GTH. 1evels was detected 5"

hours after the onset. of Tlight or 1 hour atter the}f1rst feed1ng in f1sh

in- ear]y recrudescente he]d under the 16L8D/20 C reg1me for 5to 7
~

: \
'days in November, 1979 These resu]ts agree w1th'the evidence presented

[

“1n Chapters 1 and 4, since s1m11ar patterns in serum GTH 1evels were

- However, a shift in either the onset of 1l§ht‘or in’ the feedin tJmes /4»

'f]PSt feed1ng, and the 1ow GTH levels detected at’ that t1me suggest that

observed in fish subJected to the same reg1me in other experime ts ap—

:abo]ished the mideay’GTH'peak C1ear1y,”the LD cytle alone does not- e

of ]1ght in both sh1fted groubs and a peak in serum GTH 1eve1s was not

/s
found One oT the sh1fted groups was also samp]ed 1 hour after the~'
' |
I

TN

. I
s_'feed1ng a1oﬁe does notentra1n the GTH cycle e1ther ~Itiwas shown in the

o e

Apr11 1979 experlment that the GTH cycle was comp]ete]y sh1fted‘by a®

P

s

s1mu1taneous sh1ft~1n the onset of 11ght and feed1ng when the f1sh were -



fed for the f1rst t1me 4 hours after the J1ghts went on. A s1mu1taneous_:f.ff'f

[ 4

N
sh1ft 1n these cues was a]so $n. fact 1mposed QQ the two sh1fted groups

' 7 1n November, 1979 and Apr1] 1980 exper1ments However the f1sh were

E3

fed for the f1rst t1me 10 hours after the onset of 11ght 1n the sh1ftedi

groups,_and a da1]y cyc]e 1n serum GTH 1eve1s was not detected Per— s

I

hapsstress and/or decreased food consumpt1on resu1t1hg from a]tered

S i
‘feed]ng schedu]es m1ght be 1nvo]ved n the ab011t1on of the GTH cyc]e

: a

b'.

1n the sh1fted groups However,vs1nce the weight gain of these two
groups and the contro] groups was/s1m11ar, 1t'may be assumed that the r.
f1shn1n the sh1fted groups fed as much as the contro]s and therefore,
d1fferent1a1 food consumpt1on was probab]y not 1nv01ved 1n the abo]1t1on"i:ﬂ

of the GTH peak Therefore,_1t seems that entraTnment to the LD cyc]e

‘fg and feed1ng is on]y poss1b]e when the cues are g1ven 1n a: partwcu]ar g

B -\\v

f ;7f1sh subJected to the 16L8D/20 C reg1me (Chapters 1 and 4 Hontel
'.V‘Peter 1978 1980) A]though a s1gn1f1cant da11y GTH cyc]e was not”f

ey

' 1ments was 5 to 7 days, and 1t is poss1b1e that th1s 1ength oféf1me was

tempora1 synchrony w1th each other R
The acc11mat1on pertod 1n the November 11ght or feed1ng sh1ft exper- .
/ N

1nsuff1c1ent for the entrainment to the sh1fted LD cyc]e and f ed1ng to ts”

VN: ~ occur Therefore,‘1n Apr11 1980 f1sh were subJected to the same sh1fts;;7.

1n photoper1od and feedlng as 1n November, but they were he]d undgr these ?th,f

fvreg1mes for 11 to 13 days In the contro] (unsh1fted)\group,\b//1d day

°'peak in serum GTH 1eve1s was found, as prev1ous]y reported, in. mature.

&

andi:'

fdetected in the sh1fted groups, 51m11ar to the resu]ts 1n the exper ment

‘/carrled out 1n November w1th 5 to 7 days acc]1mat1on t1me, a great ;e- B

Cb » .
gree of f]uctuat1on in serum GTH 1eve1s was observed 1n these groups o

»




i

T'However, s1nce the fTuctuat1ons were not stat1st1ca1]y slggatméant and ff"gdiy

"not cons1stent1y\re1ated to the onset of T1ght or feed1ng, the data

arema1n 1nconc1us1ve Therefore, a]though photoper1od and feed1ng are
.'known to be 1mportant 1n the reguTat1on of da11y cycTes 1n serum GTH ,[

G
J

E;TeveTs, the‘reTat1ve 1mportance of the cues cahnot be evaTuated by
1~the present dafa H1S£PTog1caT exam1nat1on showed no- d1fferences 1n

_the ceTTuTar compos*t1on of the: ovar1es of th‘“controT*and—the sh1fted
3

'_egroups 1n th1s exper1ment (Apr11 1988), aTthough based on. preV1ousTy
o A o

jvfreported data, SOme atres1a m1ght have been expected 1n the ghwfted

'yrgrOups 1f da1Ty cycTes 1n serum GTH Tevels were truTy absent

The 1nf1uence of the t1me of the day of exposure to warm tempera-'wﬂ cL

r7jture on serum GTH TeveTs was 1nvest1gated 1n February, 1980 Exposure

o to a constant warm temperature and the 16L8D reg1me forazg/days/pesuTt/d'///i}y : 5

571n un1form, reTat1veTy h1gh serum GTH TeveTs throughout the day, s1m1Tar

a;;to the Teve]s found 1n f1sh in earTy recrudescence her under 16L80/

2Q C for 11 to 13 or 30 to 32 days 1n November (Chapter 1) Presum-v-

abTy, after exposure to 16LBD/20 C for 14 to 16 days, da1Ty fTuctat1ons - ét |

1n\serum GTN TeveTs were aboT1shed as the nad1r serum GTH Teve]s 1ncreased

\ : Qn

gtto apdgee TeveTs The data are compared to “the November exper1ment j

g w.

?Frather than the March exper1ment because h1stoTog1ca1 exam1nat1on of

:~itovar1es suggested that these f1sh (1n Fe%ruary) had not compTeted ovar-

\

-’,1an recrudescence s1m1Tar to the f1sh 1n November The s1nuso1daT
o \

,'r.warm temperature reg1me Towered the mean serum GTH TeveTs compared to s S

\

'f'ythe group her under a constant warm temperature reg1me but the effectsd;’-ﬁ

L of the d1urnaT temperature fTuctuatwons on GTH TeveTs dependend on: the
\ %

. ,ft1me of the day of exposure Warm temperature 1mposed onTy dur1ng the

’photophase\promoted a s1gn1f1cant da11y fTuctuat1on 1n serum GTH TeveTs,



4

slthe h1ghest 1eve1s be1ng found around the onset of ]1ght and first

2

uk~feed1ng However, warm temperature dur1ng the scotophase resu]ted fn A
"un1fonm GTH 1eve1s The re]at1ve1y 1ower serum GTH 1eve1s found in fish-
‘subJected to on]y 12 hours of warm temperature each day compared to f1sh ‘
isheld under constant warmth are cons1stent w1th the st1mu1atory effect
7>of warm temperature in serum GTH 1eve1s in many cypr1n1ds, 1nc1ud1ng

v}‘the go]df1sh (for rev1ew, see Peter, 1981) However the f1nd1ng that

"

J'Qwarm temperature 1mposed dur1ng the photophase prgmoted a’ da11y cyc]e

17'1n serum GTH 1eve1s, wh11e warmth dur1ng the scotophase d1d not, suggests-

‘. & -

that a da;]y rhythm 1n respons1veness of the hypotha]amo p1tu1tary ax1s

to warm temperature ex1sts 1ﬁhthe go1df1sh Some support for th1s hypo- i

~

vfjuthes1s 1s provwded by Spaeler et aZ (1977) who 1nvest1gated the effects
j of 4 hour pu1ses of warm temperature 1mposed at s1x d1fferent t1mes of

’the day on gonada] s1ze 1n go1dfwsh A1though no cons1stent trends were
fifound in the changes of ovar1an we1ghts, test1cu]ar grbwth Was: st1mu1ated
' ;_2more by warm temperature ngen dur1ng the 1ast 4 hours of darkness than

at’ any other t1me H1st01og1ca1 data prov1ded by the present study
S 1nd1cated that ovar1es of f1sh w1th f]uctuat1ng serum GTH 1evels were

e

;;4 ess atret1csthan ovar1es of f1sh whose GTH 1eve15 were constant dur1ng

~‘the. day( This is cons1stent w1th data presented 1n Chapter 1 and the

7,1 hypothes1s\\hat f]uctuat1ng serum GTH 1eve1s are 1mportant for ovar1an

-

\

i“['fdevelopment in the goidf1sh Interest1ng1 s e steady and 1°W9V GTH

>

/ﬂalevels found 1n the group éxposed to 'armth dur1ng the n1ght resu]ted 1n o
‘f”a sma]ler percentage of atret1c OVarwes than the steady GTH 1eve1s of |

"f the. group held under constant warmth whether th1s d1fference is. re1atedf.V

“';-yto the dlfferent mean serum GTH 1eve1s throughout the day 1n the two
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groups .or to d1fferences in tEWpora] c_anges in the patterns of the N
‘..da11y cyc]es in serum GTH 1evels thr ghout the acc11matﬁon per1od 1s

o ot known.

v R Co
Photoper1od feed1ng t1mes nd temperature are env1ronmenta1 cues
-used in the regblat1on of pattern of the da11y cyc]es 1n serum GTH

:.Jevels 1n the goidf1sh The pre ent study demonstrated for the f1rst
"bt1me in a teleost f1sh that the GTH cyc]e can be entra1ned by the LD v :,/j-’
| cycle and feed1ng t1mes, when these cues are g1ven 1n a part1cu1a¥ o

vlftemporal synchrony S1nce the effects of warm temperature in 1nduc1ng

f_fa da11y cyc]e 1n serum’ ‘GTH depended on the t1me of day of exposure the

: - target organs w1th1n the reproduct1ve ax1s of the go]df1sh seem a]so to‘:‘

Ehave a da11y\rhythm in respons1veness to temperature Informat1on con—i'“
- cernlng da11y f]uctuat1ons in respons1veness of the reproduct1ve systemb

) of te]eosts to env1ronmenta1 cues is. 11m1ted The effects of feed1ng . :'
3¥have not been 1nvest1gated at a]] and'theabove ment1oned study by
"55p1e1er et aZ. (1977) 1s the on]y pub11shed report concern1ng da11y

'-,'var1at1ons 1n the effects of warm temperature on. gonada1 growth /The

- 1effects of photoper1od have been stud1ed more thonough]y It: has been

. ;shOWn that 1 hour of 11ght g1ven to medaka (Chan,,1976) or catf1sh

V (SundararaJ and Vasa] 1976) he]d under non st1mu1atory photoper1ods
D o) =
S t1mu1ated the reproductlve system, as’ 1nd1cated by acce]erated gonada]

‘"’.‘growth, if the 11ght pu]se was g1ven at spec1f1c t1mes of the day S1m—-"c""'”

'5111ar exper1ments have been carr]ed out w1th hamsters (Hoffman, 1979
:fRudeen and Re1ter, 980), ferrets (Bo1ss1n Agasse and Ortavant 1978),

.':'rams (Garn1er et aZ , 1977) and b1rds (Hamner, 1963 Fol]ett et aZ s ;jg:tbgrf
f‘1974), a]though 1nd1ces w1th1n the reproduct1ve system other than gonada1 ‘

R R AR oA A M
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size were measured in some of these stud1es The data, are thought to

- .‘1nd1cate the ex1stence of daily .rhythms in photosens1t1v1ty, on]y 11ght

¢ SN

. given dur1ng the photosens1t1ve phase of the day photost1mu1ates the -

=

system under study A c1rcad1an gdock seems to be. 1nvo1ved in the P
photoper1od1c time, measurements ﬂL birds. A]though such a c1rcad1an
‘c1ock apparent1y ex1sts in some te]eosts (for rev1ew, see-Kava11ers,,
',1979) data\prov1ded by th1s study ‘do not suggest that such a clock-
'hex1sts for the da11y cycle in serum GTH 1eve1s 1n go]df1sh, since the
Acyc]e d1sappears after at most 16 days exposure to a rhythm1c env1ron-;
ment s )., | @ S (\

: \At the present t1me, 1t 1s on]y poss1b1e to specu]ate about the
zphys1o1ogtca1 s1gn1f1cang§ of a da11y cycle in respons1veness of the -
,’,hypothalamo p1tu1tary ax1s of the go]df1sh to feed1ng and temperature
(Slnce 1t seems that only. cues percelved at certa1n t1mes of ‘the. day :
‘promote f]uctuat1ons in serum GTH leve]s, and that such f]uctuat1ons :

” (st1mu1ate ovar1an deve]opment (Chapters 1 and 4 Honte]a and Peter, 1978,v f
1980) da1]y cyc]es in respons1v€’ess to feed1ng and temperature may
”a]]ow the f1sh to&use these cues iha- physwolog1ca11y advantageous manner
It is conce1vab1e that by feed1ng and by be1ng exposed to warm temper—
lature at- spec1f1c t1mes of the day, f]uctuat1ons in serum GTH 1eve15 :
"are 1nduced and ovar1an development m1ght be: promoted Da1]y cyc]es

]1n respons1veness of the gonads to GTH have been demonstrated 1n the

='sh1ner (de V]am1ng and Vod1cn1k, 1977) and the go]df1sh (Peter et aZ

‘v"~71982) Qther hormones (e. g thyr01d hormones or cort1costero1ds),or_g'

metabo11tes (e g glucose g]ycogen, tr1g]ycer1des) may act-synergistic4~ :

a

:'a11y w1th GTH or be requ1red for ovar1an growth “and. changes in b]ood



B
levels. ot these:factors‘may a1so be 1nf1Uenced by the‘environmentai'
"fcues (see Introduct1on) \\Da11y f]uctuat1ons in b]ood 1eve1s of am]no
ac1ds (Car111o et al., 1980) and catecho]am1nes (Sauerb1er and Meyer,
1977) have been reported in: go]df1sh such factors and others could

1nf1uence the respons1veness of the gonads*to a pulse 1n blood levels '
\ . ) .

'; of GTH. R

. Informat1on concern1ng feed1ng and thermoregu]atory b\hav1our of
te]eosts subJected to unrestr1cted env1ronmenta1 schedu]es or the nat-
ura] reg1me is scarce F1e1d observat1ons of- feedtng act1v1ty, and
data on. stomach contents of f1sh caught at certa1n t1mes of day suggest
that some spec1es of f1sh teed at’spec1f1c t1mes of the day (for re- JL///_ .

| 'v1ew, see Schwassmann, 1971) Er1ksson (1975) reported that sea-run o

- brown trout kept at low temperature 1n the spr1ng self se]ected two o

e 'feed1ng t1mes dur1ng the day, at dawn and-dusk Er1ksson and Van Veen :

;(1980) a]so ‘showed that feed1ng behav1our in the brown bul]head Ictalarus
nebulosus is c1rcad1an but synchron1zed to the LD cyc]e It 15 not

f:known at present whether the feed1ng tTmes shown to: entra1n the GTH

- 1cyc1e 1n the go]df1sh 1n the present study wou]d be.at or near se]f—

se]ectedwfeeddng’t1mes Several te]eost f1shes (Reyno1ds and Caster11n, f
'1978 Reyno]ds et al. ,.1978a, 1978b) 1nc1ud1ng the go]df1sh (Reyno]ds
‘.iet aZ 1978b) have been shown to behav1oura11y thermoregu]ate in free

: fcho1ce ]aboratory exper1ments go1df1sh chose the warmest temperatures N
h‘fnear ‘the onset of. l1ght A1though under certaln c1rcumstances temper—‘

k,ature f]uctuates throughout the day and spat1a1 d1fferences 1n temperature*..

"ex1st in sha]Tow ponds where go]df1sh~11ve, it has not been shown

rd1rect1y that go]df1sh behav1oura11y thérmoregu1ate under these cond1t1ons; |

. T g Vo .
¢ Lo T - o U

.
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Ingerest1ngly, the center for behav1ourak thermoregu]at1on in some te1—‘

eosts is s1tuated in the preopt1c reg1on (Ne]son and Prosser,»‘

area also 1nvo]ved w1th the neuroendocr1ne contr01 nfwrﬁprﬁf%
¥ h A O |

‘(Peter 1982)  Data provxded by exper1ments describﬂd?ﬁmwpﬁﬁ> ﬁ?ﬁﬁter

PR R
-and those reported in the 11terature a]]gw formu]at1on of a ﬁork1ng -
hypothes1s the ovar1an deve]opment in the go1df1sh kept in a natural'
/\
"env1ronment m1ght ‘be st1mu1ated at certa1n times of the year by env1r—

onmenta1 cdes, e1ther se]f-se1ected or percelved in such a time sequence

as to promote a daily cyc]e 1n,serum GTH.levels.’

N L . . ) - . R



&.  CHAPTER 3: EFFECTS OF PINEALECTOMY, BLINDING, AND SEXUAL CONDITION
5 : ~ ON SERUM GONADOTROPIN LEVELS IN THE GOLDFISH. .

(The text of this_chaptef is in,the Appendix, page 161 as a réprint
from General and Compakative Endocrinology 40: 168-179, 1980.)
. N

o
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CHAPTER 4: EFFECTS OF MELATONIN ON GONADOTROPIN HORMONE LEVELS
| INTRODUCT ION |

The role of the p1nea1 organ in regu]at10n of gonadal development
has been 1nvest1gated in some spec1es of spr1ng spawning teleost fishes.
In such fish, the influence exerted by the pineal on the reproduct1ve
axis seems to depend on photoper1od temperature and gonada1 condition.
P1nea1ectomy had no &pparent effects on gonada] act1v1ty in sexually
aregressed f1sh (Fenw1ck, 1970a, Vod1cn1k et aZ s 1978 Hontela and
Peter, 1980); On the other hand p1nea1ectomy accelerated and 1nh1b1ted
gonada] deveTopment under"short and Tong photoperiods, respectively, in
both maturing and mature shiners,aﬁbtemigénus cr@éoleuéas (de V]amingg
1975) 'goldfmsh CdrasSius éuratus (de Viaming . and1Vodienik, £978t
T Vod1cn1k et aZ » 1978; Honte]a and Peterﬁ 1980) and medaka, Oryzias
Zatzpes (Urasak1, 1973 1976) subjected to warm temperature (see Chap- .
ter 3) The effects of pineaTeétbmy on'ponada1'deveTppment have'not

been 1nvest1gated in te]eosts that acce1erate the1r gonada] act1v1ty

Tn response to a short or decreas1ng photoper1od The effects of - p1nea1-

o ectomy on GTH 1eve1s in the go]df1sh a]so depend on photoper1od temper—

. ature and gonadal cond1t1on (Vod1cn1k et al. ' 1978; Honte]a and Peter,
1980) 'Honte1a and Peter (19803 Chapter 3) demonstrated that in fema]ev
go]df1sh having ovar1es conta1n1ng some oocytes that had comp]eted vitel-
1ogenes1s ‘the pineal; prOmoted da11y f1uctuat1ons in serum GTH levels .

'under 1ong photoperlod and warm temperature, and suppressed them under’

~short photoper1od and’ warm temperature in the spr1ng It 1s hypothe—

%
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sized that a daily cycle in b]ood‘GTH levels is important in stimula-
.tion of ovarian development in the go1dfish (HonteJa‘and Peter, 1978;
- Chapters 1 and 2) and that the‘pineal inf]uences gonadal maturation |
vunder various photdperiod and temperature regimes through, at least in
part, alterations of the da11y cycles in b1ood GTH levels.

-The- understand ng of the mechanisms through wh1ch the p1nea1 organ
.alters ‘GTH 1eve]s is still. 11m1ted but the ev1dence that the p1nea1
has 1mportant influences on, “and is 1nf1uenced by the hypotha]amo hypo- '
physial-gonadal axis is accumu]at1ng rapidly. Me]aton1n (MT), a p1nea1
‘hormone,°can inhibit fhe pituitary response to LHR in rat (Martin et
at., 1977 11980, Bacon et al. 1981)' howeVer; it has also been reported 

:to st1mu1ate the re of gonadotrop1n re]eas1ng hormone from the

jisolated medial b sal hyp tha]amus of the rat (Kao and Weisz, 1977).
.Recent1y, s1tes of ant1g adal act1on of MT were 1dent1f1ed in spec1f1c v

areas of the bra1n in ‘the wh1te footed mouse, Peromyscus Zeucopus (Glass

| and Lynch 1981) MT decreases ‘blood 1eve1s of FSH and/or LH in mam-~

mals under most exper1menta1 reg1mes (for rev1ew, see. Re1ter et aZ s
1978; Turek and Campbe]] 1979, Re1ter 19§0a) However, s1ng]e da1]y'
MT-injections had inhibftory 1nf]uences onvthe gonadal functions.in'
~some mamma11an spec1es on1y when g1ven in the afternoon, not in the mor-"
',n1ng (Tamark1n et aZ,, 1976; Re1ter et al., 19763 ‘Margolis. and Lynch

1981) Furthermore, the effect of the afternoon MT injections was

negated by MT. adm1n1stered e1ther 1n subcutaneous]y 1mp1anted continuous- . -

re]ease ‘capsules (Trakulrungsx et aZ , 1979; Re1ter et aZ , 1977) or -
'by MT 1n3ected 1n the morn1ng (Chéh et aZ s 1980) Thls apparent]y

contrad1ctory ev1dence has been recent]y reviewed by Reiter (1980b) who
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theorized that the daily variations in sensitivity of the reproductive
sysfem of some mammals to MT may be related to fluctuations in number
and/or activity of MT receptors within the reproductive axis, and down

regulatiop of these receptors by MT.

“been identified in the pineal organ in goldfish (Fenwick,

1970b), and\the pinea] in rainbow trdut has been shown to incorporate
precursors for ‘MT synthesis (Hafeez and‘Zerihun, 1976). Recently, the
retina of the ‘a1nbow trout has been shown to synthesize MT in vitro
(Genn‘and'Ra]pd\ 1979){ the pineal was not investigated in this regard.
Diurnal f]uctuat1ons in MT levels have been detected in the blood and
the ret1na of raT bow trout blood MT 1evels were h1ghest during the
, scotophase.porthn*of the photoperiod (Gern et aZ.,1978a, Owens et al.,
1978), while MT in the retina was present 1n’higheet coneedtratiOns
.'; dur{ng fhe'ehptophase,(Gern et al., 1978b)..MT.1eve1s in the pihea] were
not determfned. | N |

~ MT has been implicated ia<severa1 physioldgica] processes in tele-
ost fishee A melanin-aggregating (blanching) effect of MT on the sk1n
: has been descrlbed in severa] speci@s (fdr examp]e Reed et aZ 1969
Ruff1n et al., 1969; Hafeez, 1970). Sw1mm1ng mOVements in. go1df1sh
H(Satake, 1979) and rainbdw trout (Hafeez, 1970) were a]tered by MT injec-
tions. In add1t1on, effects of MT on 11near growth weight galn (de
V]amihg, 1980).and carbohydrate and/or lipid metabol1sm (de Viaming et |
al., 1§74b‘De1ahuﬁtyvet aZ' 1978b)were aleo reported. Interest1ng1y,
the effects of MT on growth and metabolism seemed to depend on the t1me
of year and the photoper1od regime to thCh the fish were subJected

Qoth_stjmulatoryvand 1nh1b1tory‘1nf1uences were detected.

o



MT also influences the reproductive axis in teleost fishes; treat-
ment with MT had an inhibitory effect on gonadal development in the
medaka (Ur‘asak‘i,v.1972l, 1977), the catfish, Heteropneustes j‘onmﬁlié
(Sundararaj and Keshavanatﬂ, 1976), and Mustus tengara (Saxeha and Anand,
1977), the killifish, Fundulus similis (de Vliaming et dl.,1974a). gold-
fish (Fenwick, 1970b) and three-spined stickleback, Gasterosteus aculoe-
~atus (Borg and Ekstram, 1981). fn this last study, MT has been found
to stimh]ate gonadal activity in sticklebacks subjected to specific con-
ditions of photoperiod and temperature in winter and: summer. However,

the effects of MT on'GTH(1eve1s in a teleost fish have not been reported
’previously. In the present study, the effects of MT on serum GTH levels
and gonadal development in goldfish were determined. Also, thé effect§
of MT injections given at vérious times of the day on serum GTH levels

!

were investigated.

MATERIALS AND METHODS

See Materials and Methods of Chapter 1 for descriptions of exper-
imental animals (section-i), initial acclimation regime (section II),
blood samp]ihg tech%ique (section 111), radioimmunoassay for GTH (sec-

tion IV), histology (section V) and statistical analysis (section VI).

1. Experimental environmental regimes

Following the\initia]vacc1fmation regime, fish were subjected to

- 12L12D/12 + 1° C for 8 days, then to 16L8D/20 1° ¢ for various periods
of time depend1ng on the experiments. Light was turned on at 0600h

and fish were fed at 1000h and 1600h in all the experiments
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I1. Operations

Pincalectomized fish were used in some experiments. The techniques
for pinealectomy and sham surgery are described in detail by Hontela

and Peter (1980; Chdpter 3).

I11. Injection technique

MT (Sigma) was weighed, dissolved in 0.5 ml of 95% ethyl alcohol,
and mixed with teleost physiological saline 30 minutes before the injec-
tion. The saline with 95% alcohol was used as control solution; both
solutions were kept on cracked ice and in the dark until use. Fish
were 5naesthet12ed with tricaine methane sulfonate (1:1000) until swim-
ming ceased but opercular movements were still detectable, and injected
intraperitoneally. The site of 1n3ect10n was then covered with a thin

layer of Orabase gel (Squfbb Canada Inc., Montreal, Canada).

IV. Injection and .sampling technique

May, 1979 expekiment

Fish were pinealectomized or sham operated on the first day of the
12L120/20 = 1° ¢, regime. Pinealectomized fish were injected wifh MT
(1 wg/g body we1ght/5 41 saline) or saline, and the sham operated fish
were 1n3ected with sa11ne between 2000h and 2130h on days 6, 7 and 8
of the 16L8D/20 = °¢ regime. Fish were blood sampled at 1100h on
day 9. Ovary and body weights were détermined for calculation of the

GSI's. Ovaries were examined histologically.
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Apr11 1980 exper1ment : 1 | : B

Intact f1sh were‘ﬂnJected W1th MT (12 ug/g body we1ght/10 p] saT1ne)
| or saT1ne once a day between 1600h and 1800h They rece1ved four 1n3ec-vv
."‘\ t1ops under the 121.12D/12 + C reg1me and fourteen 1nJect1ons under
yf\ the 16LBD/20 1 Cc reg1me BTood was sampTed at 1100h and 1900h on
< day, 14 of the 16L80/20 1° c regine. After samp]1ng at! 1900h body
"t ‘and ovary we1ghts were determ1ned for caTcuTat1on of GSI S. \

November 1980 exger1ment

N Intact f1sh were 1nJected w1th MT (10 ug/g body we1ght/10 pT saT1ne)

“;fﬁ’or saT1ne at 0700h on days 5 6 and 7 or at 1500h on days 4,5 and 6 ,'
f%f,of the 16L8D/20 1 o reg1me AT] f1sh were sampTed atﬁdlooh and 1900h

_1??on day 7 The f1sh were Teft unde& the 16L8D/20 1 c reg1me They ’

"“;1fwere 1nJected w1th the same soTut1ons as on days 4 to 7 at 0930h on day 11

;,and sampTed at 1100hfqnd 1900h on the same day 0var1es were exam1ned ) o
ifj'h1stoTog1caTTy ‘ e | R

February, 1981 exper1ment

. » Intact f1sh were 1n3ected w1th MT (10 pg/g body we1ght/10 uT saT]ne) t
”"‘fior sa11ne at 0700h on days 5 6 and 7 of the 16L8D/20 19 C reg]me » A
'43They were sampTed at 1100h on day 7 Body and ovary we1ghts were. deter—*

el m1nedwfor caTcuTat1on of” GSI s

CRESULTS

1. May, 1979

Serum GTH TeveTs 1n p1nea1eetom1zed and sham operated f1sh 1n3ected

W1th MT (1 ug/g body We1ght/5 ul saT1ne) or sa]1ne 1 hour before dark
' on days 6 7 and 8 of the 16L8D/20 1 C reg1me are shown 1n F1gure

. v
P B
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4.1.A GTH 1evels detected 5 hours after the onset of 11ght on day 9

gl L
were h1gher (p < 0 05) 1n ‘sham operated f1sh 1nJected w1th sa11ne than

{‘_'1n p1nea1ectom1zed f1sh 1n3ected e1ther with sa11ne or MT No signif- - -

1cant d1fferences between the mean GSI vaTues of the three groups were:
found however, h1sto1og1ca1 exam1nat1on of the ovar1es (Tab]e 4. 1)
showed that the ovar1es of the sham operated group- had more oocytes in
the 3 yo]k stage than the ovar1es of the p1nea1ectom1zed sa]1ne (p <:f
O 01) or MT. 1nJected (p < O 1) groups ) Furthermore a s1gn1f1cant1y
'v{’ sma]]er proport1on of f1sh w1th severe]y atret1c ovartes (p <-0. 05) was |
‘iJ found 1n the sham operated group than in the two p1nea1ectom1zed groups t
1L Apr11 1980 TE'klfffj *»b'tf:ftfﬂf'f-"‘VEJV"Lifyar -

Serum GTH 1eve]s 1n 1ntact flsh 1n3ected once a day for 18 days

: w1th MT (12 u9/9 body we1ght/10 u] sa]1ne) or sa11ne 5 hours before dark'v ¥

::i are. shown 1n F1gure 4 2 GTH 1eve]s were determ1ned at 5 and 13 hours
after the onset of 11ght on day 14 of the 16L80/20 1 C reg1me 1n L
both groups, no s1gn1f1cant d1fferences between any of tbe means were\.
found The mean GSI va]ues of the sa11ne and MT treated f1sh were not

'f"t Stgn1f1cant1y d1fferent‘(data not,shown),

“‘g 111, November, 1980

E Serum GTH 1evels in. 1ntact f1sh 1n3ected w1th MT (10 ug/g body

'"‘_ we1ght/10 ul sa11ne) or sa11ne e1ther 1 hour after the: onset of 11ght
on days 5 6,and;7 (AM 1n3ect1on) or 9 hours after the onset of 11ght )
'~3_,0n days 4 5'and.6 (PM 1n3ect1on) of the>16L80/20 +19°¢ reg1me are 9‘:7 5

- shown in; F1gure 4. 3a The sa11ne treated f1sh 1nJected 1n the morn1ng f”"‘

S AM~In3ect1on ) had h1gher serum GTH 1evels (p < 0. 05) at 1100h than ph

/;
I
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" Figure 4{1.-_Serum GTH 1eve1s (mean SE,,n) at llOOh ST
- ooon day 9 of the 16L8D/20 1 ¢ (11ght on at 0600h) régiﬁédg

v:”'1n p1nea1ectom1zed (PNX) and sham operated f1sh 1n3ected '

‘n’W1th me1aton1n or sa11ne at 2100h on, days 6 7 and 8

i :;S1gn1f1cant d1fferences by Student S t test (p < 0 05) are. K
"7't@1nd1cated bes1de the hwstograms (*);}:? : ‘ g
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May 1979 (GSI = 128 + 0.8%, n = 34)"
S 16LBD/20°C Day 9.
20~ T

S

¥

e

- ngGonad oht:_rc‘)vp:in/' ml _serh%; |
T

SHAM + Sa,,ne S ""PNX“+ Salihe* :PNX + Melatonin .

alel S PM INJECTION

RN
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. Figure 2.2, Serum GTH Tevels (mean sE,_n) at 1100h ;
. j; e on. day: 14 of the 16LBD/20 1 % (1ight on “at 0600h) reg1me
: : N in intact fish TnJected with me]aton1n or sa11ne once a
- day at 1700h (18 1n3ect1ons in tota]) Gy T e

.ijo s1gn1f1cant d1fferences by Student s t test (p < 0. 05) ’
'Vs‘were found I
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“Figure 4.3.
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12

"a) Serum GTH Tevels (Meén + SE, n) at'iIOOh and 1900h on
- .day 7 of the 16L80/20 1° ¢ (1ight on at 0600h) reg1me

in 1ntact f1sh 1n3ected with me]aton1n or sa11ne ewther at
0700h on days 5, 6 and 7, or at 1500h on days 4, 5 and 6.

- b) . Serum GTH 1eve1s (mean  SE, n) at 1100h on day 11 of
- the 16L8D/20 * C (]1ght*on at 0600h) reg1me in intact
'7if1sh 1n3ected w1th melatonin or saline. either at 0700h on

days 5, 6 and 7 or at. 1500h on days 4, 5 and 6, and at

"0930h on day 11. - - R R L

S1gn1f1cant d1fferences by Student 3 tTtest (p < 0. 05) are

: 1nd1cated bes1de the h1stogram (*)

P S
s .

v
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the MT treated fish injected in thezmorning. Serum GTh Tevels at‘lldOh;
, 1n,the‘saTTne treated fish and the MT treateg fish injected in the .
afternoon.(jR; injection ) nerelnot'sdgnificantTy different. Serum GTH
levels at 1100h were not significantly different;from GTH levels at
1900h in_the fish treated with saTine'or'MT in the morning or in the
afternoon. - |
Serum GTH levels in.intact f1sh which subsequentTy to 1n3ect10n

_wwth e1ther saline or MT throughout days 4 to 7, were aga1n 1nJected
with MT (10’ug/g body we1ght/10 uT‘saT1ne) or saline 1% hour after the k
‘onset of T1ght on day 11 of the 16L8D/20 C reg1me are -shown in
F1gure-4 3b. The saT1ne injected fish had h1gher (p < 0.05) GTH TeveTs
.than the MT 1n3ected fish at 1100h on day 11. ATso, the GTH TeveTs at
f -1100h were higher (p < 0. 05) than the GTH TeveTs at 1900h in Uﬁth exper—
imenta] groups. The mean GSI ‘values and the ceTTuTarvcomp051t1on of
-the ovanies (TabTe 4. 2) of the‘saTine andaMTatreated‘fish Werefnot»sige

n1f1cant1y d1fferent

‘-\Iv;ﬂ February, 1981

Serum GTH Teve]s in intact f1sh injected with MT (10 ug/g body
We1ght/10 uT‘saT1ne) or saline 1 hour after the onset of - T1ght on days

5, 6 and 7 of the 16L8D/20 1° C reg1me are shown in’ F1gure 4.4, The

~ GTH TeveTs 5 hours after the onset of T1ght on day 7 1n the saT1ne and

MT treated- groups were not s1gn1f1cant1y d1fferent There were no

151gn1f1cant dlfferences 1n mean GSI vaTues between the two groups (data

°4_ not shown) ' - _ o R , v ’
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Figure 4.4. Serum GTH levels (mean : SE, n) at 1100h£‘
. on day 7 of the 16L8D/20 + 1 °C (light on at 0600h) regime
“in intact fish injected with melatonin or saline at 0700h -

on days 5,.6 and 7.

" No s{gnificant differencésbby Student's t-test (p.f 0.05)
were sfound. o
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DISCUSSTON

The present study confirms results reported in Chapter .3 (Hontela

and Peter, 1980) which demonstrated that pincalectomy lowers the mid-
day serum GTH levels and inhibits ovarian development in female qgld*
fish -in the latter stages of ovarian recrudescence ("spring" fish)
subjected to long photoperiod and warm temperature. More importantly,
this study indicates that, under this environmental regime, MT injected
in the morning decreased serum GTH levels in intact fish in early stages
of ovarian recrudescence ("winter" fish) but had no effect in “spring"
fish. MT administered in the afternoon had no effect in intact "winter'
fish, or in intact or pinealectomized “spring" fish.

” The experiment carried out in May, 1979 showed that the serum GTH

levels detected 5 hours after the onset of light (1100h) were lower

in pinea1ectomized fich injccted with saline 6r MT than in sham operated,
saline injected fish subjected to 16L80/200 C for 9 days. The histo-
logical examination of the ovaries revealed that the pineé]ectomized
fish had fewer mature yolky oocytes and more atresia than the sham oper-
ated fish, although no effect on GST was ev1dent in previous work
(Hontela and Peter, 1980; Chapter 3) a s1gn1f1cant decrease in GSI was
found following p1nea1ectomy of female go]df1sh in 1atter stages of
ovar1an recrudescence -held under s1m11ar environmental cond1t1ons His-
to]og1ca] examination was not done to assess the ovarian cond1t1on by -

| Hontela qnd Peter (1980), but presumab]y the decrease in GSI found in
this work was due to cocyte atresia. The serum GTH Tevels were not

determined at 1900h in the present study, and therefore it is not known
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kdffw1th certa1nty whether the dat]y f]uctuat1ons 1n serum GTH ]eveTs were'
abo]1shed by p1nea1ectomy : Nevertheless, these data 1nd1cate that the
(::onset of oocyte atres1a 1n femaTe go]df1sh 1n the Tatter stages of "
(_}ovar1an recrudescence is acceTerated when the mid- day Serum GTH TeveTs

“are decreased by p1nea1ectomy The resuTts in th1s chapter conf1rm-‘ |
fd“ithat the p1nea] has a st1mu1atory or progonada] 1mf]uence under Tong i
4 . .

’ hgphotoper1od and warm temperature in mature femaTe gonftsh

Inh1b1tpry effects of p1nea1ectomy on gonadaT deve]opment have

:uhgfbeen reported 1n teTeost f1sﬁes her under 10ng photoper1od and - warm

o temperature (see Introduct1on of Chapters 3 and 4), and aTso in b1rds

3;;" (SayTor and WOTfson, 1967) and mamma]s (Herbert 1971 Hoffman and

0 Kuder]lng, 1925 B1ttman and Zucker, 1981) under Tong photoper1od con— ',’.-d(ﬁ

ey

W d1t1ons ' However, the mechan1sms by wh1ch the p1nea1 med1ates 1tsi

4 -st1mu1atory effects on the reproduct1ve axis under Tong photoper1od are

':fnot understood Although 1nh1b1tory 1nf1uences of. MT on. GSI have been

' ‘v’found in most stud1es on te]eost f1sh (see Introduct1on of Chapter 4)

;IQMT has aTso been reported to sttmulate gonada] funct1on 1n the three- ﬁf
| ';sp1ned st1ckTeback (Borg and Ekstrom 1981), and 1n mamma]s (Re1ter
-(:et aZ f 1975 Turek et aZ 5 1975) under certa1n exper1menta1 cond1t1ons
”fS1nce the effects of MT on GTH 1eveTs have not been 1nvest1gated 1n ?
| ?teTeost f1sh a rep]acement therapy exper1ment was carr1ed out in May,’ )

'1:1979 in: order’to determ1ne whether MT 1s a med]ator of the progonada]

B "ﬂ L e .
fznnf]uence of the plneaT under the 16L80/20 C reg1me ﬂA nocturna] rise R

”f“Of plasma MT TeveTs has been detected 1n 1ntact ra1nbow trout (Gern m~‘

:cfhet al.y 1978a, Owens et aZ | 1978), and aTthough MT TeveTs have not

”;Tbeen determ1ned in the gonflsh da11y f]uctuat1ons of some morpho]og-

. G
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ical parameterS’of the’pineal indicate:that in,gOTdfish subjected.to'

the 16LBD/20 C reg1me, the p1nea1 metabolic act1v1ty, a: poss1b1e indi-

’ cator of- secretory act1v1ty, is h1ghest in m1d scotophase (McNuTty, o

'7”f1981) To s1mu1ate the nocturnaT r1se of - pTasma MT Teve]s, three

~g,

s1ngTe da1Ty MT 1n3ect1ons wereq§1ven at one: hour before the onset of g
~:dark to p1nea1ectom1zed f1sh he]d under 16LBD/20 C MT however, had ;hev
- no effect on GTH Teve]s 1n p1nea1ectom1zed f1sh under these exper1menta1
: icond1t1ons ’ | ' | ' |

| A s1ng]e da11y 1nJect1on of MT aTters the reproduct1ve axis. 1n’"'bh'

*tfmammaTs usuaTTy onTy 1f an 1ntact p1neaT is present (Re1ter et aZ

Fg%'ugh data 1nd1cat1ng an effect of MT in p1nea1ectom12ed

iig,hamsters has been aTso reported (Hoffman and Kuder11ng, 1977) ) In a]T

ﬁlthe 1nvest1gat1ons ln wh1ch an effect of MT on gonada] deveTopment 1n

.7f1sh was demonstrated (see Introduct1on of Chapter 4) the plneaT was

’OTntact Thus, 1t may be poss1b1e that MT has no effects on GTH TeveTs 5,‘-“"

“dn p1nea1ectom1zed teTeosts ATthough the 1n3ected dose of\MT 1 ug/g

v body we1ght) used ine the above exper1ment coqu have been too 10w,

' Fenw1ck (1970b)'reported that da1Ty 1nJect1ons of a s1m11ar dose of MT fe

?n.fcaused a s1gn1f1cant decrease in GSI in. gonf1sh It has been reported o

fthat the mamma11an reproduct1ve system coqu be 1nh1b1ted by MT 1nJec—-1
‘uted 1n the afternoon, but not by 1nJect1ons at other t1mes of the day SoE

':7v (Re1ter et aZ 1976 Tamark1n ot aZ 1976 MargoTis and Lynch 1981)

e Stud1es wh1ch demonstrated an 1nh1b1tory effect of MT on the gonadaT

:;EdeveTopment 1n te]eosts do not 1nd1cate\an opt1ma1 t1me for MT 1nJec-

t1ons, some 1nvest1gators d1d not report the t1me of 1n3ect1on (Fenw1ck

"d:1970b,”Urasak1 1977); some 1nJected the f1sh 1n the morn1ng (Saxena're""slﬂ



5‘;and Anand, 1977 de VTam1ng et aZ 1974a) and others 1n the afternoonv
‘°(Sundarara3 and Keshavanath 1976 de VTam1ng et az ). 1974a) In aTT of ;llo
fxthese 1nvest1gat1ons, the fish- were 1n3ected da11y over re]at1ve1y Tong |
uvper1ods of t1me (50 1n3ect10ns by Fenw1ck (1970b) 10 to 15 1n3ect1ons
'by de VTammg et aZ (1974a) 20 1nJect10ns by Sundara'”aJ a”d KeSha"a”ath:""‘
»ft (1976) 60 1n3ect1ons by Saxena and Anand (1977) 23 1n3ect1ons by
':tiUrasak1 (1977)) , _e‘a ."fljﬁ'ff “ﬂ '1:'.}:7 s , _
‘T : .Jo determ1ne the effects of da1Ty 1n1ect10ns of MT for an: extended
'Tiper1od, 1ntact gonf1sh were 1n3ected da11y in the afternoon w1th MT |
,f;tfor 18 days in Apr11 1980 However there were no swgn1f1cant effects”;t
‘a‘on GTH TeveTs at 1100h or EﬁgOh, compared to 1n3ect1ons of sallne,_»

'3t'and there was no effect on GSI In th1s exper1ment the d1fference

’Tbetween serUm GTH Teve]s at 1100h and 1900h usuaT]y detected 1n 1ntact

th;f1sh ‘in the Tatter stagesﬂ%f ovar1an recrudescence subJected to the f;;

>16LBD/20 C reg1me for about two weeks 1n the spr1ng (Chapters 1 and 2)
- A4

.fwas not found 1n the sa11ne 1n3ected an1maTs Perhaps the répeated
Tf_fhand11ng of the f1sh dur1ng the 1n3ect1ons d1srupted the datTy cycTe

fﬁ 1n serum GTH TeveTs Also aTthough data from the mamma]1an T1terature

’lflwere conv1nc1ng 1n promot1ng the 1dea that onTy afternoon 1nJect1ons

f-jof MT are effect1ve 1n aTter1ng the reproductwve ax1s,‘1t seemed evwdent Lo

;that even 1f a da1Ty rhythnuqn respons1veness of the hypothaTamo hypo—-»

?“3hphys1al gonadaT ax1s to MT ex1sts 1n the gonf1sh the per1od of great—'- SR

E est respons1veness was not the afternoon

To further 1nvestwgate the poss1b1T1ty that there 1s a da11y var1a— ffﬂgf‘i"

““r§t1on 1n respon51veness to MT the effect%@Pf morn1ng@and afternoon MT

¥




T1n3ect1ons on GTH Teve]s were compared in an exper1ment carr1ed out 1n

hNovember F1sh 1n earTy stages of ovar1an recrudescence were subgected
ﬂTfto ‘the 16L80/20 C reg1me for 7 days, s1nce 1ntact f1sh he]d under such'

| a reg1me have a peak 1n serum GTH Teve]s at 1100h wh11e the GTH Teve]s_p

'if'are Tow and un1form throughout the rest of the day (Chapter 1) Three

"_morn1ng 1nJect1ons of MT Towered the serum GTH Teve]s at 1100h compared:

"to %a]1ne 1n3ected f1sh sampTed at 1100h The serum GTH TeveTs at 1900h

were aTso Tower 1n the MT 1n3ected group compared to the sa11ne treated

{

'~"f1sh but the d1fference was not stat1st1ca1]y s1gn1f1cant MT adm1n1-”-

n'jstered in. the afternoon had no effect on GTH TeveTs at e1ther 1100h or

-_f1900h S1nce no s1gnf1cant d1fferences were found between the GTH Tevelss""

i f'at 1100h and 1900h w1th1n the MT 1n3ected group, or w1th1n the sa]wne‘

1nJected group, 1t seemed that the hand11ng of f1sh dur1ng the three v

<

| ”1n3ect1ons d1srupted the da11y cyc]e 1n serum GTH Teve]s on day 7 The'

“j'f1sh were exposed to 16L80/20 C for four more days, and the effect of

, _FMT on GTH Teve]s was tested agatn on day 11 One morn1ng 1n3ect1on of
"'MT on day 11 of the 16L8D/20 C reg1me 10wered serum GTH Teve]s at 1100h

;;on day:. 11 in. f1sh wh1ch were prev1ously g1ven three 1n3ect1ons of MT

f-ewther 1n the morn1ng on days 5, 6 and 7 or the afternoons on days 4 to s;pn,,_t;

nThese resuTtsitnd1cate e1ther that a s1ng]e 1n3ect1on of MT 1n the mor- -"

A_-\v

-}7Hn1ng 1s effect1ve 1n decreas1ng serum GTH Tevels 1n m1d day in gonf1sh1}ff:f‘fgn

- -Hat th1s stage of ovartan deve]opment and under these env1r0nmenta1

'rcond1t1ons, or that the effect of the s1ngTe morn1ng 1nJect1on 1s add1-hh~3f

*:ft1vevto the effect'of,the_preVIOus;three 1n3ect1ons Interest1ng]y,

Cw
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significant.daiTyrfTuctuatfon:fn serumbGTH Teve]shwas‘detectéd«on/dayfT”"v
11"Wfthin'both the MT'and,the“saTine injected‘groups. }No'differenCes
lin the GSItslor the ceTWuTar compositionTOf'the ovaries were'detected'
between the sa11ne and the MT TnJected groups on day 11 The fSJ}“?EZ“tt*
Ject1ons which the f1sh rece1ved dur1ng the 11 days of the exper1ment
' m1ght not have caused a suff1c1ent1y Tong aTterat1on of the da11y cycTe. _’f
1n serum GTH TeveTs to 1nfTuence the gonadaT deveTopment S ey

The effect of three morn1ng MT 1n3ect1ons on serum GTH TeveTs at

1100h wa5|aTso 1nvest1gated in f1sh subJected to the 16L8D/20o c reg1me,:f"'

. for 7 days 1n Tate February, 1981 however, no effects were found I
has been demonstrated that ' an exposure to 16L8D/20 for 7 days 1nduces

a da]]y cyc]e 1n serum GTH TeveTs 1n f1sh in earTy recrudescence

'(November) whereas a’ Tonger acc11mat1on per1od 1s necessary for devel— ST

opment of the cycTe 1n f1sh 1n the Tatter stages of ovar1an recrudes-
i cence (Chapter 1) Poss1b1y, MT aTters on]y the da11y puTse 1n GTH ‘f

,ii: secret1on and an exposure to 16L82(20 C for 7 days 1n FEbruany Was.

' not suff1c1ent to 1nduce a weTT def1ned da11y cycTe 1n serum GTH TeveTsfo
It may aTso be that s1nce three morn1ng MT 1n3ect1ons 1nh1b1t GTH |
Tevels 1n f1sh 1n November but have no effects in f1sh in February, 5
a seasona] d1fferencev1n sens1t1v1ty of the reproduct1ve axis to MT -

v ex1sts 1n the gonfwsh. Data reported by de Vlam1ng et a7 (1974a) h

:;%f suggest that the reproduct1ve system of the k1TL4f1sh Fundulus Stm7ltsv o

"’fi exh1b1ts a seasona] var1atwon 1n sens?t1v1ty to MT Test1cu1ar growth i

";;mwas retarded by MT 1n f1sh kept under short photoper1od 1n May,_but 1t

had no effect 1n January : Borg and Ekstrom (1981) found that wh11e

0,.
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H

‘h1gh doses of MT had ant1gonada1 effects throughout-the season in the
'(three sp1ned st1ck1eback Gasterosteus aculeatus Tow doses tended
“to st1mu1ate ovarlan function 1n winter, and summer, but had no effect .
~on the ovary in faTT and spr1ng | _ e
| ATthough ev1dence is accumuTat1ng that the p1nea1 organ has a
: st1mu1atory 1nf1uence on, the reproduct1ve ax1s in spr1ng spawn1ng teTe—

yosts subJected to TOng photoper1od and warm temperature cond1t1ons 1n B

’»,:'the spr1ng, the understand1ng of the mechan1sms through wh1ch the p1n— o

eal med1ates 1ts effects under Tong photoper1od 1s T1m1ted It has ‘:
been proposed by severa] authors (e g Re1ter, 1973 Ra]ph 1978)‘thatr"
:the p1nea1 1s a: neuroendocr1ne T1nk convey1ng photoper1od1c 1nformat1on |
JV'to the hypotha]amo hypophys1a1 ax1s, and that p1nea1ectomy prevents the
"Qan1ma1 from respond1ng appropr1ate1y to photoper1od changes In part1a]
btsupport of such a roTe for the p1nea1 1n teTeosts, 1t has been shown
'fthat the p1neaT 1s in fact a magor organ1zer of c1rcad1an act1v1ty and
'bhas a ro]e in. entra1nment of c1rcad1an rhythms to photoper1od1c cues in

if:teTeosts (Kava11ers, 1979 1980 1981) The ev1dence that MT had no _3‘

"n;veffect on GTH Teve]s 1n p1nea1ectom1zed f1sh 1n the: present study

Ti_suggests that MT is not’ the p1nea1 product that med1ates the st1mu1atory
'.1nf1uences of the p1nea] on the reproduct1ve system under TOng photo—’“
.f”per1od A s1m11ar concTus1on was reached by Herbert (1971) who demon-i:”J
Vtvstrated that 1n ferrets, aTthough the p1nea1 has a progonada] 1nf1uence
| under Tong photoper1od MT d1d not restore the respons1veness of p1nea1-
’ectom1zed ferrets to 10ng photoper1od Secretory products other than MT

Vu”cou1d be synthes1zed and secreted by the p1nea1 organ in- an1mals sub—

B MJected to Tong photoper1od and m1ght med1ate the st1mu1atory 1nf1uences
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o of the p1nea1 on the reproduct1ve ai1s ‘GRH has been 1dent1f1ed in
"%the mamma11an p1nea1 g]and (Wh1te et aZ ,‘1974 Trent1n1 et aZ 1980';
:Pevet et al., 1980 P1ekut and Kn1gge, 1981; K1ng and M1]1ar, 1981)
and seasona] var1at1ons 1n the LHRH content of the p1nea1 have been

|

': descr1bedr1n the rat (Joseph 1976) The presence of" GRH 1n the p1nea1

" of. te]eosts has not been 1nvest1gated A]ternat1ve1y, 1t has been shown =

in ra1nbow trout that -some. of the nervous pathways or1g1nat1ng 1n the L
'5:p1nea1 term1nate 1n the nuc]eus 1atera11s tuber1s reg1on of ‘the hypo—'
"itha]amus (Hafeez and Zer1hun, 1975), and since th1s area is 1mmunoreac-d

"f't1ve to LHRH (Ha]pern et aZ , 1979) and 1s 1nvo1ved 1n regu]at1on of

"jgonada1 act1v1ty, presumab]y by secret1on of the GRH (for rev1ew, see

’ ‘VPeter 1982)) the p1nea1 cou]d a1ter the act1v1ty of th1s bra1n reg1on

= 'by its d1rect afferent 1nput

A]though on1y the ro]e of the p1nea1 organ in regu]at1on of GTH

LA

t;]eve]s was 1nvest1gated in exper1" '1; scussed 1n th]S chapter, the’

_ ';eyes coqu have a150 contr1buted1n the med1at1on of the st1mu1atory "‘
';x>7effect of the 16L8D/20 C reg1me A progonada] 1nf1uence of the eyes o
"has been detected 1n the go]df1sh (Honte]a and Peter 1980 Chapter 3)"

‘and the medaka~(Urasak1, 1976‘ 1981) subJected to 1ong photoper1od and."

:'warm temperature : Both the eyes and the p1nea1 synthes1ze MT and thej’?;r E

.synthes1s 1s 1nf1uenced by photoper1od (see Introduct1on of Chapter 4){;f-h‘”

- &

h‘Furthermore, the support1ve ce]]s 1n the p1nea1 of the trout have been o

- shown to respond on]y to phot1c 1nput from the eyes, whereas the recepJ

fdtor cells: 1n the p1nea1 respond on1y to phOth 1nput through the p1nea1 o

reg1on (Hafeez et aZ 1978), The 1nteract1on between the p1nea] and

| .
[
3
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the eyes, and the1r secretory products, and the phys1oTog1caT s1gn1f-
icance of these 1nteract1ons rema1ns to be 1nvest1gated
The present 1nvest1gat1on prov1des ev1dence ‘that at certa1n t1mes'

.of the year, MT, when adm1n1stered at the appropr1ate t1me of day w1TT

N Tower the m1d day peak in serum GTH TeveTs in: f1sh her ‘under the 16L8D/

_20 C reg1me These data conform to numerous reports of the 1nh1b1tory
effects of MT on GTH TeveTs or gonadaT deWeTOpment in var1ous vertebrates,v
‘-1nc1ud1ng teTeost f1shes subaected to Tong photper1od and warm tempera—

“»ture (for rev1ew, see Re1ter (1979 1980a)) MT adm1n1strat1on to

' gonf1sh w1th 1ntact p1nea1 organs held under 16L8D m1ght have a s1m11ar
| *ﬁeffect on’ the reproduct1ve system as exposure to short photoper1ods,,

i‘wh1ch are generaTTy cons1dered to- be 1nh1b1tory ‘to- gonada] deveTopment

. 1n spr1ng ‘or..summer spawn1ng teleosts (for rev1ew, see Peter and Cr1m

t(1979) Peter 1981)) Endogenous MT 1s probabTy reTeased by the teTeostﬂ;;

"-bpp1nea] in the dark s1nce MT TeveTs in ‘the bTood were hxgher 1n m1d-

7;Avscotophase than in m1d photophase (Gern et aZ 1978a Owens et aZ s

_51978) Therefore, the b]ood Teve]s of MT in f1sh on a Tong photoper1od ’ -’t
v.1n3ected w1th MT early in the T1ght phase m]ght be s1m11ar to- bTood -
ifTeveTs of MT 1n un1n3ected f1sh subJected to short photoper1ods AT—f N
g :though p1neaT MT Teve]s, and s1muTtaneous bTood or p1nea1 MT TeveTs
_under var1ous photoper1ods have not yet been detern1ned in a teTeost
ev1dence prov1ded by stud1es in: mamma]s suggests that MT is the, or.

one of the p1nea1 ant1gonada1 hormones medwat1ng the 1nf1uences of

'Tffshort photoper1od or darkness on the reproduct1ve system 1n 10ng day

breeders MT TeveTs 1n the mamma11an plneaT are. 1nfTuenced by. photo-

per1od and the h1ghest Teve]s are found dur1ng darkness (Tamark1n et,'

'/
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A ,‘1979;fRo11ag et aZ., 1980; Panke'et'al.,-1980§ Reiter et al., 1980;

“Goldman et al., 1981; Petterborg et al., 1981). Furthermore, blood
MT TeveTs'are also highest during dark (RoTTag'et al. , 1978; Arendt et
al., 1981; Harlow et aZ 1981; Lynch et az m1981) |

The present study demonstrates, for the f1rst t1me in a teleost

' f1sh the. ex1stence of .a da1Ty rhythm in sens1t1v1ty of the reproduct1ve
system to MT However, the mechan1sms underTywng this rhythm are~not
understood at present A da1Ty rhythm in. sens1t1v1ty to MT has been
descr1bed in some mammaTs, the per1od of sens1t1v1ty was detected in the
afternoon It has been proposed that onTy by the afternoon have the

CMT receptors on the target organs recovered from the down reguTat1on

geffect of the ngghtTy-MT surge (for rev1ew see Re1ter (1980b))v Th1s

<

. hypothes1s 1s compat1bTe w1th observat1ons in rodents that a morn1ng

1n3ect1on of MT prevents the ant1gonada] effect of MT g1ven 1n the
~afternoon (CHen et al., 1980), or that MT cont1nuousTy ava1TabTe from

an 1mpTanted’capsuTe counteracts the p1neaT mednated gonadaT regress1on e
(Hoffman, 1974; Re1ter et al., 1974; Reitér et al., 1975). It seems

that in the gonf1sh the MT sens1t1ve phase occurs in the morn1ng in -
“vfemale gonf1sh 1n early stages of ovarian recrudescence subJected to

' '16L8D/20 C:nn;November.' Furthermorej the'sens1t1v1ty to mornwng “MT
vinjections may‘disappear Tater in the year, since morn1ng MT 1nject10ns
~had no effect on GTH TeveTs in femaTe gonf1sh 1n the Tatter stages of
.ovar1an deveTopment in February It has not yet been estabTwshed whether
_down regu]at1on of MT«receptors occurs in the gonf1sh, and whether

'the sens1t1v1ty to morning MT. 1nJect1ons is due to ava11ab1]1ty of

; Treceptors at that time of the day The factors causwng the seasonaT |
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.d1fferences in sens1t1v1ty to MT are aTso not known. It has been
postulated that in mammals the timing. of the MT surge -in reTat1on to
other.c1rcad1an actjv1t1es may determ1ne,the effect of MT on the physio-
‘,Tagy of the animaT'(Pahke et aZ;*/T§§6S:ﬁ7Ehrthermore, daily cycles in’
blood (Firth et at., 1979) and pineal (VivTen-Rogls ot al., 1979) MT

- Tevels have been shown to fTuctuate seasonaTTy in two spec1es of rep-
tiles. It is concelyabTe ‘then, that in gonf1sh held under 16L8D/20° C;*f
'MTJiS'seéreted into blood in such a CyCTic pattern as to allow a response
to exogenous MT in the morn1ng Later 1n the year, the cycTe of" MT

, secret1on and poss1b]y of other endocr1ne parameters m1ght sh1ft in such
a way as to cause a Toss of sens1t1v1ty to a morn1ng puTse of MT. |
_Determ1nat1on of daTTy cyc]es in bTood MT levels &pd of the effect of
"MT 1nJect1ons at variaus times of the day in fish he]d under long or

short_photoper1od,at d1fferent times of: the year would prov1de additional

fﬁdata toftestithis,hypdthesisit



"GENERAL DISCUSSION

Da11y cyc]es in serum gonadotrop1n hormone (GTH) levels in'female
go]df1sh subJected to various photoper1od and temperature reg1mes were
described for the f1rst t1me by Honte]a -and Peter (1978) ‘who- also

‘ hypothes1zed that such f]uctuat1ng b]ood ‘GTH 1eve1s may be 1mportant

foﬁ\st1mu]at1on of ovar1an deve1opment In the present study, further.
evidence for the ex1stence of the cyc]es has been prov1ded, -and the
ro]e of some exogenous and endogenous factors 1n regu]at1on of the cycles
was’ 1nvest1gated The present study has also. prov1ded corre]at1ve
. data that supports the hypothes1s about the s1gn1f1cance of the da11y
cyc]es
The photoper1od and temperature reg1mes 1mposed on fema]e go1dflsh
in the var1ous 1aboratory exper1ments were 16 . hours of 11ght and 8 hours
 of dark (16L8D) and 20° C, 8L160/200 C, 12LIZD/12 C, and 16LSD/12 20 c
diurnal s1nuso1dal temperature cyc1es, and an outdoor pond reg1me in -
the spring and fa]] Under the 16L8D/20O C reg1me, a s1ng1e peak in
_,,/’serum GTH 1eve1s early in the photophase was found in fish in the early
stages of ovar1an recrudescence (“w1nter“ f1sh), as we]l as in f1sh in -
. ’the 1atter stages of ovar1an recrudescence ("spr1ng" f1sh). No s1gn1f—
icant f]uctuat1ons were found under 8L16D/20 C in "spr1ng“ fish.
’V"w1nter" f1sh subJected to 12L12D/12 C had un1form and 1ow serum GTH‘
1eve1s throughout the day, whereas, two peaks 1n serum GTH levels were
found 1n "spr1ng" flSh held under th1s reg1me In all the exper1ments,
‘the detected patterns of fluctuat1ons in serum GTH 1evels were s1m11ar

to the patterns reported prev1ous1y (Honte]a and Peter 1978),

119
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tndicating that the patterns are reproducib]e under the appropriate
- conditdons. ,N -

The persistence of the daily cycles in serum GTH levels was deter—
mined_for theAfirst time, and seasonal differences in the 1ong term
‘stabi]tty of the Cyclesvwere'found The peak in serum GTH levels early
in the photophase found in f1sh he]d under the 16L80/20 C reg1me was

;detected as early as days 5 to 7 in fish in ear]y stages of ovarian

recrudescence (! w1nter fish), but not unt11 days 11 to 13 in f1sh in

~ the latter stages of ovarxanrecrudescence (”spr1ng" f1sh) The-peak‘

k3

- could no longer be detected on days 11 tQ 13 1n “w1nter“ f1sh GTH
1evels beCom1ng fairly un1form and high throughout the day. The da11y'
ff1uctuatlons in serum GTH levels brought about by exposure to 16L80/
20° ¢ pers1st for a longer per1od in ”spr1ng" f1sh than in "w1nter
fish. S1nce the f]uctuatwons seem to st1mu1ate ovar1an deve]opment, ’
vfthts dwfference is cons1stent w1th the fact that the go]df1sh 1s a:
spring breeder and that exposure to long photoper1od and warm temperae
ture 1s somehow more phys1o1og1ca1 in spring than‘1n wanter.‘ D1ffer- N
~rvences in’the 1ong term-stability of the GTH cycles under various photo—
per1od and temperature reg1mes were also observed. whi1e stgni?icant
,_"da11y f]uctuatwons in serum GTH 1eve1s were still detected in ”spr1ng
f1sh after a 30 day exposure to 12L12D/12 C the m1d day p\ak was s
a abo11shed and un1form h1gh GTH levels were found after 30 days of expos-
ure to 16L80/20 C. The data show that photoper1od and - temperature,.

, and also the ]ength of the acc11mat1on per1od to the env1ronmenta] reg-

ime, can 1nf]uence the patterns of the da11y cyc]es 1n serum GTH 1eve1s.

Y
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The similarity of the patterns found in temaie goldfish held in
the outdoor pond to those'found in fish held in the laboratory under
‘similar‘conditions, suggests that cycles inlserum GTH Teuels occur in
“female go]df1sh in natura] env1ronments The day-to-day changes in
temperature and photoper1od may be of great impotrtance 1n regu]at1n9
and ma1nta1n1ng the GTH cycles, and contro111ng the rate of ovarian
. deve]opment. Based on the results of this study and data reported by
Hontela and Peter (1978), it may be predicted that low and uniform
serum GTH levels would occur in female goldfish undergoing the earﬂy‘
stages of ovar1an recrudescence in the fa]] and ear]y winter. Under
the 1ncrea51ng day]ength and re]atﬂve]y co]d temperatures of ear]y
fwspr1ng, fish in the 1atter stages of ovarian recrudescence wou1d have
' cyc]es 51m11ar to those detected under the 16L80/12 C regime in the
Iaboratory or in the outdoor pond in Aprj] (1981 exper1ment) Fish in
the final stages of ovarian development'(1ate spr1ng).wou1d have 1arge‘
Fluctuations in serum GTH levels similar to,thOSe‘described for fish

under 16L8D/200 C in the laboratory.
| Serum GTH levels may be 1nf1uenced by the Secretory rate from the~.

- S
_ p1tu1tary and the metabo]1c cTearance rate of GTH from blood. These

parameters are d1agramat1ca11y representéd in F1gﬂre 5.1. It was
attempted to determ1ne whether changes in the p1tu1tary GTH content
'vjwere correlated iﬁth fluctuations.in serum GTH levels. A s1gn1f1cant :
: da11y var1at1on in p1tu1tary GTH -Tevels was found only in one group
v»of f1sh in wh1ch a relat1ve1y large and sharp peak in serum GTH 1eve1s

_was detected (group he]d under16L8D/20 C for 5 to 7 days in November),

however a s1gn1f1cant negat1ve corre1at1on between the daily cyc]es



Figure 5.1. A tentative model representing diagramatically some of the
' hypotheses formulated from the experimental data in the
present study. ' o

/

Exp]anat1on for some of the symbo]s used:

responsiveness to a stimulus throughout n

‘24 hours
greatest,responsivénesé ‘
secretion rate throughout 24 hours

largest rate

‘levels in blood ap'ogeel _ nadwl
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‘f1n serum and p1tu1tary GTH TeveTs was not detected OWhenfthe hourly |
yp1tu1tary secretion rate of GTH was caTcuTated us1ng ‘the est1mated |
,metabo]1c cTearance rate of GTH .in fema]e gonf1sh under s1m?]ar env1r;’i
: onmenta] cond1t1ons (Cook and Peter, 1979a), and the serum GTH levels ‘

_ measured in th1s study, it was found that the amount of GTH reTeased |
from the pltu1tary is a smaTT proport1on of the amount stored It has (:~
fﬁbeen reported that, temperature and the stage of ovar1an deveTopment ~“”f'

2

C1nf1uence the metabo]1c cTearance rate of GTH (Cook and Peter 1979a)

: '71and ovar1an uptake of GTH (Cook and Peter, 1979b) 1n femaTe gonf1sh

'f“;However whether da11y changes 1n the metabo]1c cTearance rate and rate

A0 of ovar1an uptake of GTH occur 1s not known, perhaps factors such as ;?‘

C‘these, in add1t1on to the p1tu1tary secret1on rate coqu have 1nf1uences
.ffOn the da11y cyCTes 1n serum GTH Tevels "D;Tv | ‘.i L
| Ga The present study prov1ded further ev1dence that ar da11y cycTe in. N
u‘ﬁgserum GTH TeveTs 1s more st1mu1atory to ovar1an deve]opment in gonf1sh A:i

'7than steady Tow or h1gh TeveTs " The peak 1n serum GTH TeveTs usuaTTy

.°-7found 1n f1sh kept under the 16L8D/20 C reglme was aboT1shed by anm@m

’,fextended exposure to th1s reg1me (Chapters 1 and 2), exposure to warm

f"temperature onTy dur1ng n1ght (Chapter 2) and p1nea1ectomy and/or

- b11nd1ng (Chapter 3) In these exper1ments the d1sappearance of the

' peak was corre]ated w1th ]ower GSI s and/or severe atres1a of the ovar—'h,,

' 'fe1es, compared to f1sh w1th fTuctuat1ng serum GTH TeveTs 1n the same

'.~rlexper1ments Two exper1ments d1d not pos1t1veTy support the hypothes1s

ot that dai]y cycTes 1n serum GTH TeveTS are 1mportant for st1mu1at1on of

'ovar1an deve]opment 1nconc]us1ve ev1dence was . prov1ded by the T1ght Lol
'and feed1ng sh1ft exper1ment (Chapter 2), and a meTaton1n (MT) 1n3ect1on
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it,.exper1ment (Chapter 4) 1n whwch the m1d day serum GTH 1eve1s were de_n”--

_,creased by the treatment but there were no effects on ovar1an condxtwon,--'-"‘

“ “'as Judged by hlsto1ogy In th1s 1atter exper1ment poss1b1y the number~hff

g fof 1n3ect1ons and therefore the number of days dur1ng wh1ch the GTH

L 1evets were a]tered was not suff1c1ent to have an effect on; the gonads .

Future experlments shou]d be a1med at understand1ng of the mech-
‘~fjan1sms by wh1ch the f]uctuatlng serum GTH 1eve1s prOmote ovar1an deve1~ -5'

Jfopment 1n te]eosts The desenslt1z1ng effect of constant h1gh serum

'taiGTH leve]s on the ovary has been we11 documented 1n mamma]s and 1s 1nter—gf»5ﬁ

Lff?preted to be the resu]t of down regu]at1on of ovar1an GTH receptors

1'3qf(for rev1ew, see Catt et aZ (1979)) These receptors were character1zed‘g];r

:.{Eiand man1pu1ated by var1ous treatments 1n mamma1s (e g 0 Shaughnesse

__.f‘and Brown, 1978 Chan et aZ ,11981),vas we]] as b1rds (Ish11 and

’ffFarner, 1976‘ﬁTsutsu1 and Ish11, 1978), rept1]es (L‘Cht et aZ » 1977)

'f!Vvand amph1b1ans:(Kubokawa and Ish11, 1980) Furthermore the respons1ve-

,1t;ness of the ovary to GTH has been shown to vary throughout the day Tn ;v-_

7.{_'some tetrapods (Lamond and Braden,,1959 Dusseau and Bosher,_1976

'”;ChpGr1zzard et aZ 1978 Eas]ey et al 1979 Nank1n et al R 1980)

1:Jposs1b1y because of f]uctuat1ons 1n the number and/or aff1n1ty of the

“;Laovarwan GTH receptors A]though the receptors for GTH have not been ;r

” f‘%character1zed in te]eost f1shes, da11y changes 1n responsf'

eness tolpe
"Ivrﬁ.;‘ S

"ﬂexogenous GTH have been shown 1n the ovary of the sh1ner (de V]am1ng - .

('fand Vod1cn1k 1977), ra1nbow trout (Kuo and Watanabe, 1978) and go]df1sh |
.:*C(Peter et aZ y 1982) In go]df1sh subJected to a 16L8D/14 C reg1me, ;;3_f'
’ VIVthe per1od of greatest respons1veness co1nc1ded w1th the t1m1ng of the 37 ‘

' peaks ln serum GTH 1evels 1n fema]e go]df1sh he]d under s1m11ar T
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:‘henv1ronmenta1 cond1t1ons (honte]a and’Peter,;19783 Th1s suggests thatstj 8
the t1me of day dur1ng whxchaGTH is ava11ab1e to the ovary, rather ’xn"‘v
than the overa]l amount of GTH ava11ab1e throughout the day, determ1neshh.‘
"the extent of st1mu1at1on of ovar1an deve1opment : The da11y changes

l1n responswveness of the ovary to GTH, and poss1b1y a]so to other hor-v:
Zmones, are represented 1n ngure 5. 1 wh11e constant 1ow serum GTH -
1eve1s may ma1nta1n a re1at1ve1y s]ow rate of oocyte growth part1cu1ar1yvdyﬁ

‘ dur1ng 1ow temperature reg1mes in m1d w1nter the growth is: great]y

[gjst1mu1ated when there are da11y peaks 1n serum GTH 1eve1s When the

"i t1m1ng of such peaks co1nc1des w1th the da11y per1od of ovar1an respon-fp‘?,f
"‘s1veness, ovar1an growth 1s opt1m1zed Constant h1gh serum GTH 1eve1s

desens1t1ze the ovary and oocyte atresia ensues Th1s hypothes1s could»’

“lin part be tested by character1z1ng the ovar1an GTH receptors in fema]e._’

- the present study

'ggo1df1sh exposed to env1ronmenta1 cond1t1ons s1m11ar to those G%ed in "[“

Other hormones cou1d act synerg1st1ca11y w1th GTH on the ovary,,

:~f aﬁd 1nf1uence or regu]ate the da1]y cyc]es in GTH 1evels (see F1gure o

| sfs;i).= In mamma]s gonada1 stero1ds have been shown to 1nf1uence ovar1an3t't
'greceptors for LH and FSH (R1chards et aZ 1979 Farookh1, 1980) and

' a“to mod1fy p1tu1tary sens1t1v1ty to 1ute1n1z1ng hormone re]eas1ng hormone ' i’

".T(LHRH) (Clayton et aZ ‘ 1980 Ge1ger et al. 1980 Kesner ot aZ ,,1981)

“Z’That th1s cou]d a]so ‘occur on d1urna1 bas1s 1s suggested by reports that . a

' p]asma 1evels of sex stero1ds f]uctuate throughout the day 1n mamma]s
IJ(W11son et aZ 1976 G]owan1a et aZ ) 1979 M1yatake et aZ 1980)

fThe ro]e of sex sterOTds and gonadotrop1n re]eas1ng hormone (GRH) 1n the

f~regu1at1on of the hypotha]amo hypophys1a1 gonada] ax1s 1n te]eosts 1sf
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| we11 documented (for rev1ew, see Peter 1982)) but da11y cyc]es in©

nﬁrthe b]ood 1evels of stero1ds and da11y cyc]es 1n respons1veness to GRH7

o or gonadotrop1n re]ease 1nh1b1tory factor (GRIF) rema1n to be shown

'_;;_Also,’1t rema1ns to be demonstrated whether a second GTH (Con'A-I/GTH,

;“ o

'wrsee Genera] Introductwbn) ex1sts in the go1df1sh, and has a ro]e in’

.;the regu]at1on of ovar1an deve]opment poss1b1y on a d1urna1 baSJs
fHowever da11y f]uctuat1ons 1n b]ood 1eve]s of cort1so1 (Fryer, 1975

e;De1ahunty and de VTam1ng, 1980 De]ahunty et aZ:, 1978b Peter et aZ ,""

."’1978b) prolactln (Leatherland and McKeown, 1973 McKeown and Peter,

¥ ‘,\ .

:'f?1976 Spwe]er et aZ e 1976) thyro1d hormones (wh1te and Henderson, 1977

"}_OSborne et aZ " 1978 Sp1e1er and Noeske 1979 1981 Eas]es et aZ o :

“ﬂt1981) and growth hormone (Leather]and et aZ > 1974) have been demonstrated

vv”uVJn te1eosts and da11y f]uctuat1ons 1n these hormones may a]so 1nf]uence7_f.’

""?b_the act1v1ty of the te]eost reproduct1ve system at 1ts var1ous 1eve1s

”h,fInterest1ngly, da11y f]uctuat1ons 1n bra1n t1ssue 1evels of catechol-

"5;iam1nes (Sauerb81r and Meyer 1977) and seroton1n (F1ngerman, 1976

vt

F,Genot et aZ 1981) have also been reported 1n some te]eosts

| The ro]e of some env1ronmenta1 cues 1n regu]at1on of the da11y
thyc1es 1n serum GTH 1evels was 1nvest1gated It appears that the t1m1ng‘.y:'
;,of d1urna] temperature f]uctuat1ons, the t1me of day of feed1ngs, and
1i}the photoper1od 1nteract to 1nf1uence the patterns of the GTH cycles
| lThe mechanlsms 1nvo1ved 1n photoper1od 1nput havefbeen 1nvest1gated

f'fto SOme extent 1n the present work (Chapters 3 and 4) However, the

: ;route by wh1ch temperature and feed1ng med1ate thewr effects on the f-ﬁ

- w?reproduct1ve system has not been 1nvest1gated Perhaps the centra]

E ; nervous system has a da1]y rhythm in respons1veness to temperature and
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| feed1ng, as dep1cted in F1gure 5. 1 Feed1ng times, temperature and
(-photoper1od have been shown to mod1fy the da11y cycTes in. Teve]s of ‘
1 some carbohydrates and T1p1ds in bTood and T1ver of go]df1sh (DeTahunty :
o et al.y 1978b De]ahunty and de VTam1ng,_1980) . Temperature and - feed1ng
‘may:therefore nfTuence the ava11ab1]1ty and the rate of ut111zat1on .
’~Tof varfousyme!Tbol1tes necessary for the synthes1s of hormones or
for ovar1an deve]opment ATthough th1s may be part of the mechan1sm ;;
’ gfor 1nduc1ng da11y cycT1c1ty 1n respons1veness of the ovary to GTH |
ewhat 1nduces such var1at1ons,an respons1veness 1s not known Whether h:'ciff
‘"T‘th1s may a]so 1nfTuence the respons1veness of the bra1n to var1ous 5'f," -
f 1nputs 1s an open quest1on | | ( " L .
| Photoper1od has been shown to have an effect on da11y cycTes 1n

| 'wvserum GTH TeveTs (HonteTa and Peter 1978) In the present study,_ S

»(some of the mechan1sms through wh1ch photoper1t§?1nf1uences GTH secre-g(

.it1on were- 1nvest1gated The p1nea1, and poss1b1y aTso the eyes, promote'f‘(

s

"ve>da11y fTuctuat1ons 1n serum GTH Teve]; under Tong photoper1od in the

'_"tspr1ng, whereas onTy the p1nea1 has been shown to 1nh1b1t these fTuctu—'vf -

u'ti_at1ons under short photoper1od On the other hand p1nea1ectomy had

_v.no effect on serum GTH TeveTs in the faTT in. sexuaTTy regressed f1sh

N (Chapter 3), and presumabTy has no 1nf]uence on the reproduct1ve ast f~b |

| 'J1n such f1sh The p1neaT gTand therefore seems to med1ate the effects

: of photoper1od on the gonads by aTter1ng the patterns of the da1Ty cycTes

'v;1n serum GTH TeveTs

MeTaton1n (MT) 1n3ect1ons Towered the earTy photophase peak 1n

' ”fvserum GTH TeveTs in 1ntact femaTe gonf1sh in earTy stages of ovar1an

,:recrudescence (November) under Tong photoperwod and warm temperature



P S 12‘9L‘

”clrconditions S1nce MT is presumab]y synthes1zed in the p1nea1 dur1ng
:_ﬁ‘the dark (Fenw1ck 1970b Gern et al. ,l978a) this ev1dence 1nd1cates
.that MT may be the p1nea1 ant1gonada1 compound in the- go]df1sh and
that 1t med1ates the 1nh1b1tory photoper1od1c 1nf1uences on the repro—‘-
o duct1ve system A da11y rhythm 1n sens1t1v1ty of the hypotha]amo hypo—‘i
'f:‘phys1a1 axis, to MT 1n3ect1ons has been demonstrated onTy morn1ng THJEC-t
,tt1ons were effect1ve in 10wer1ng the serum GTH‘Teve]s _ MT has beenv, '
1vdetected in the bTood of teTeosts (Gern @t az ,1978a Owens et aZ s

N

1978) therefore 1t presumabTy can d1rect1y 1nf1uence the target organs

"‘b:w1th1n the reproduct1ve ax1s In mamma]s MT has been reported to

'fhave effects on the: GRH secret1on (Kao and we1sz,/1977) fnom 1so]ated
' 7fhypotha1amus, to 1nh1b1t the p1tu1tary response to LHRH (Martln et aZ ,"

| ‘."7"1977, 1980; Bacon et aZ 1981) in vivo and in vitro, and to mﬂuence

”rlihstero1d product1on by the gonads tn vttro (YoungTa1, 1979 MacPhee et },:f

1975 Kano and M1yach1,»1976) Furthermore, a nervous pathway has .
| been demonstrated between the p1neaT and the hypotha]amus of the ra1n- ;-7

':l;bow trout (Hafeez and Zer1hun, 1975), and MT cou]d therefore,also act

*t'»as a neurotransm1tter d1rect1y on the bra1n The compound respons1b1e

cffffor the progonada] effect of the p1nea] under Tong photoper1od and

warm. temperature 1s not known
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Effects of Pinealectomy, Blinding, and Sexual Condition on Se.rum‘
Gonadotropin Levels in the Goldfish :

AvLice HONTELA AND R. E. PETER ‘
Department of Zoology, University of Albersa, Edmonton T76G 2E9, Canada '
Accepted July 23, 1979 ' )

The effecis of pmcalcclomy and/or blinding on serum gonadotropin (GTH) levels and S
gonadal development were’ investigated in sexually regressed male and female goldfish sub- - :
jected to long pholopcnod and warm temperature, and in .mature female fish subjected to
either long or short photoperiod and warm temperature. Control (intact and/or sham oper-
ated), pinealectomised, blind - pinealectomised, and blinded fish were blood sampled at 12
and 20 hr on Day 7, 8, or 9 of the experimental photoperiod —temperature regime. Serum
GTH levels were determined by radicimmunoassay. Pinealectomy had no effect while
blinding promoted a daily cycle in serum ‘GTH levels in regressed fish subjected to 16L:8D/
*21° in November; no effect on gonadal development was found under this regime. Pinealec-
tomy, and possibly also blinding, repressed a daily cycle in serum GTH levels found in
control fish, and caused a decrease in gonadal development,. .in mature femnale fish under
16L-8D/21° in the spring. No daily cycle in serum GTH levels was delected in control or-in
blinded mature female fish under 8L.:16D/21° in the spring. Pincalectomy promoted a daily
cycle in serum GTH, but no effects of pmealectomy or blinding on gepadal development
were detected, under this regime. Thé results indicate that the pineal influences gonadal
- development through, at least in part, alteration of the dally cycles of serum GTH levels in
goldﬁsh :

The pre'scnce of photoreceptor-like ele- It has been assumed that the pineal of - '
rhents in the teleost pineal organ.-has been - teleosts is. independent of the retina, in
demonstrated, by means of electron micros- . contrast to the pineal gland of mammals
copy in several species (e.g., Bergmann, which is sympalhclncally mnervated and re-
1971; .Qguri and Omura, 1973), including ceives photic input from the eyes (Wurtman

_the_goldfish, Carassius auratus (Takahashi, et al., 1968). ‘However, Fenwick (1970a)
1969). Electrophysiological studies. (Dodt,  showed that the phototactic response of the
1963; Morita’ and ‘Bergmann, 1971; Hanyu goldfish depended- upon the presence of -

et al.,

1978) indicate that the neuronal dis- both the pineal and the éyes. Furthermore,

~charge activity of the teleost pineal in-
creases as light intensity decreases. Fur*
thermore, the biochemical activity of the
vpmeal organ of teleosts fluctuates through-
out the day and is influenced by hghl dark

cycles. In the pineal of rainbaw trout,

Salmo gairdneri, melatonin levels are high-
est during the scotophase (Gernet al., 1978;
Owens et al.,

" (HIOMT); the enzyme 'which converts
serotonin to’ melatonin, is ‘also highest dur-
“ing the scotophase (Smith and Weber,
1976).-

0016-6480/80/020168- 12501 .00/0
Copynght @ 1980 by Academic Press, Inc.
Al nights ofvuproduclion,in any form rescrved.

1978), and the activity of a
"hydroxyindole-O-methyl transferase

'VVeber and Smith -(1976) found that  only
bhndmg abolished photopenod —induced

'HIOMT cycles in rainbow trout, whilé pre-

venting direct ilumination of the pineal
alone had no effect on these cycles.

The pineal of teleosts has been linked to
several physiological processes including
reproducuon (for review see Wurtman ef

. 1968: Relkin, 1976; Reiter, 1977, 1978) ,

Pmea!ectomy caused gonadal regression in

recrudescing or sexually mature shiners,

Notemigonus crysoleucas (de Vlaming,

1975), or goldfish (de: Vlaming and Vddic--
nik, 1978). under long photopenod and}m .
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PINEALECTOMY, BLINDING, AND GONADOTROPIN IN GOLDFISH

warm temperature, and in recrudescing
shiners under long photoperiod and cold
temperature (de Viaming, 1975).vA‘si‘mila.r
effect of pinealectomy and/or blinding was
also observed in the medaka, Oryzias
latipes, held under long photoperiod and
- 18° (Urasaki, 1972, 1973, 1976). . No effects
-of pinealectomy were found in shiners held
at a cold (12°) temperature and short photo-
period (de Vlaming, 1975). On the other

hand, pinealectomy accelerated gonadal

development in goldfish maintained ‘on
short photoperiod and 13° (Fenwick, 1970b)
. or 20° (de Vlaming and Vodicnik, 1978) in
the spring. A similar stimulation of gonadal
development following pinealectomy was
als¢ found in the shiner (de Vlaming, 1975)
and in the medaka (Urasaki, 1973, 1976)
under short photoperiod and warm temper-

ature. Thus, in fishes that respond by
gonadal rec(pdescen'ce to increasing day- -

length and long photoperiods in the spring
(see review by de Vlaming, 1972; Peter and
_Crim, 1979), the pineal, and probably also
the eyes, has a role in the stimulation of
gonadal recrudescence under long photo-

periods, and in the suppression of gonadal -

activity under short photoperiods. ,
~ Vodicnik et al. (1978) have reported that
the effects of pinealectomy on pituitary and

: plasmé g'onadlolro’pinv (GTH) levels in

goldfish may depend on the photo-
period ~temperature regime and stage of

sexual development. The daily cycles of

serum GTH levels in the goldfish, and the
“effects of photoperiod, temperature, and
sexualcondition on these cycles, have been
described in detail (Hontela and- Peter,
_' 1978). Since goldfish undergoing ovarian
' _recrudescence and sexually mature females
- generally exhibit significant fluctuations in
serum GTH levels, whereas sexually re-
gressed fish do not (Hontela and Peter,
1978), we have attempted 1o determine the
effects of pinealectomy and blinding on
serum GTH levels in goldfish at-two differ-
ent times of day and at different ‘stages of

ovarian recrudescence and under different.

" environmental regimes.

B
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MATERIALS AND METHODS

Experimental Animals ) ‘
Goldfish (common or comet variety, standard body -
length 6.5-8.0 cm) were purchased from Grassyfork
Fisheries Company Inc., Martinsville, Indiana. In
November, male and female fish, which were sexually
regressed or in early gonadal recrudescence, were
selected for the experiment since it was not possible to
externally sex the fish. In experiments in March and

_April, females with ovaries containing at least somée

oocytes that had completed vitellogenesis (**mature™
females) were selected. * '

Photoperiod and Temperature’ ‘

A summary of the protocol is presented in Fig. 1.
After arrival from the fish farm, fish were held in a
4800-liter flow-through aquarium under a simulated

_ natural photoperiod (Edmonton) arid 12~15° for about

14 days. They were then transferred into three 380-liter .

‘flow-through_aquaria maintained under 12 hr light and

12 hr dark (12L:12D, lights on at 0800 br) and 12°for 8
days, each aquarium containing 40 fish. During Days 7
and 8 of this regime the fish in cach aquarium were
divided into experimental groups and surgery (see Op-
erations) performed. Postoperatively the fish were
kept under 12L:12D and 12° for 8 more days, and fi-
nally the experimental regimes of 16L:8D/21° or
81.:16D/21° were imposed (designated as Day 1 on Fig.
1) for a maximum of 9 days. The temperature of 21°°
was obtained by raising the temperature over a 12-hr
period, starting in the.- moming of Day 1. Fish-were fed
ad libidunr at about 1 and 7 hr after lights on.

Blood Samples. -

A presample of blood was taken from all the fish on
Day 4 of the experimental regime (see Fig. 1). Sub-
scqucnl' samples were taken at 1200 and 2000 hr on
Day 7, 8, or 9. These sampling times were chosen be-
cause in our previous studies (Hontela and Peter, 1978)
an apogec in'serum GTH levels was detected at 1200 hr
and a nadir at 2000 hr in sexually maturing or mature
female poldfish exposed to 161.:8D/21°. At each sam-

" pling time, at 15 min to the hour 10 fish were caught -

and anaesthetised in a 1:1000 solution of tricaine

. methanesulphonate and blood sampled, and on the

hour the procedure was repeated with 10 more fish.
Blood was withdrawn from the caudal vasculature and

. gerum collected as described by Hontela and Peter
. (1978). After blood sampling on Day 7, 8, or 9 1he fish

were killed, and total body weight and gonad weight
were determined for calculation of the gonadosomatic

. index (GS).

Gonadotropin Radioimmunoassay
Serum GTH levels were determined by radioim-
‘munoassay (RIA) using purified carp GTH (¢cGTH) as’

- standards and antibody to cGTH (Crim eéf_al., 1976,

Ho_?l'ela and Peter, 1978). The ¢cGTH used in the as-
says (gift from B. Breton) was purified by a scheme
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. Fic. 1. Ari putling of the protocbl for the experiments. . o

'
E RN

uuhzmg. in pant, adsorpllon ofglycoprotem CGTH on
concanavalin A—Sepharose” and elitiog with buffer

containing 0.15 M 1-O-methyl - o-b- mannc)pyranomdc,
(B. Breton, personal communication).’ For RIA, lhcu
purified glycoprotein ¢GTH ‘was labeHed with - 2] by |
the standard clloramine-T method, Aflcr mma] sep<,

aration of '*I-cGTH from i inorganic 11, by. Chromatog-”- '

raphy on a Sephadex G-50 (ﬁnc) 1 x lO-l:m column,
the glycoprotein '23]1-cGTh was? SCparalc\d from
nonglycoprotein fragments of '*1-cGTH by ‘adsorption

“Operations

B

20h

Sample ati12h «

20h o

20h

¥

.».previgl.)sly" (Crim t:er"\all.,
*1978). :

|

.

Fish were anaeslhenscd and wrapped in a wet papcr
towel.

.Blmdmgfi The conjunctiva membrane was grasped

' with fine notched tweezers and cut entirely around the

" on concanavalin A -Sepharose, 4nd . the songlyco- '

protein material cluted with barbital bulffer pH 8.6, fol-
Jowed by elution of the glyc0prolcm ¢GTH with bar-
__bital buffef containing 0.15 M 1-O- methyl - a-b-
mannopyranoside. Thus, the GTH RIA done here
measuréd the **Con  AII' glycoprotein GTH, similar to
that described by Ng and Idler (l978a b). The perfor-
mance characteristics’ of the RIA were as described
b

: days postOperanve]y

:’ gyeball. The membranes remaining on the posterior of
*the ;)'eball were grasped and the eyeball was slightly

'pulled anteriorly and out. Blunt curved scissors were

then inserted from the posterior side of the eye, passy
"ing over the blood vessel which is situated on the

posterior side of the orbit, to cut the optic nerve and
the eye muscles, allowing the removal of the eyeball.
This procedure: caused very little bleeding. The
blinded fish were observed to resume fecdlng about.2
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R B (PEIRN - . R ¢ \,.‘ . o . ' L o
o Pm('al('rlam\ The fo'rcbr'am was 'cxpo“séd as de- mcmal group samplcd at. 1200 or 2000 hr ovcrgDays 1,
‘énbcd by Peier (1970) and Pcler apd Gill (1975) and 8 and 9. The values for fish within-an cxpcnmtmal ‘
the sacrufspdor.mhs and. the plncal stalk, vns:blc an-. . group at cxlhcr 1200 or 2000 hr on Days 7, 8, and9wcrc-
o terior lo lhe optic Iobcs vnder a dissecting microscope. “Therefore pooled for statistical: companson by
(249, “were rcmow:d by suction with a Pasteur pipet. .- ANOVA and the Manh=Whitney U 1test. Both two-’
L. The opcratnon was considered succcssful whenthe two lalled and one- lallcd Utests at P. < 0 05 wereused and -  . : )
: structures were: observed to move into. the pipet and . are refervéd to-in ihe results as (P ‘< 0. 05)-and (P. < '
. ,'when slight bleeding- appcarcd at the ‘site. 'where: thc\) 0.05. onc tailed), rcspecllvcly A two: 1ailed: Sludcnl st
. mrrus dorsalis attaches to the brain. In ordcr to re-  testal P< 0.05 was used'to determine. sngm!‘canl dife- Lo _
i ‘move> ;he pineal body; gcmly sucuon was apphcd 10 fercnccs bclwcen thc GSI values. . - . : ,‘ . PRSTE
: the inner surface of the cranium in‘the region anterior - R : Lo
-'to the.exposed area (Fig. 2). The. cranium. was then -~ . RESULTS . . ) . o
,ﬁlled with physmlogncal saline “and closed using’ the The serum GTH !eve]s of - sexually re-- o Lo ..
S __‘procedure: dc<c.rxbcd by Peler(l970) and Pclcr and GI" gressed~ear]y recrudesqencc go]dfsh ‘eX- o : - RS
oo (975) o - ‘posed to. 16L 8D/21°in ‘November are: R
< Sham op('rnlmn All the steps dcscnbed for h F 3 "rh 1 1200, d -
Lo pmealeclomy were carried out'except. that the-saccus shown .in 18 e values, at’ ar :
[ _dorsalis, the pmeal stalk, anid pincal body were not’ 2000 hr in both ‘maC‘ and sham- opcratcd’i L
© removed. A sham opcmllon for. bhndlng was not donc, ' COner] fish were not sngmf'canl]y different, .,/ *= 000
S ilar to ‘the v la
S!ansucal Anal\ sis ‘ Sm; ;rl 0 1}1;78 a;uesf ripor&ed b); Hontea] s
. Thcré were 'no sl;,mﬁcaré“%lﬂ”crcnccs .as mdncatcd ~and Peter ( ) for-fish at a similar sexual - ;- TR
" by an analysis of variance (ANOVA), in lhe serum, state under these condm ns. However the - T
Lo GTH ]evels between- groups of ﬁsh rmm an’experi-. 'values of the bhnd group ‘at’ 1200 hr were__’, R v
B ::.A,{/"‘ \‘ i
\
. )
Z \ .
* j ; . K
¢
e .
s o : : ;
LR g .
" FiG. 2. Dxdgmmmauc rcprcxcnlanon of sagmal secuon through the goldfsh forebram <howmg thc : - .

) pmcdl stalk (Ps)enveloped by fglds oflh.c saccus dorsalis (SD) ang the orlcmalnon of a suction pipet{P) -

o used'to remove the pineal body (Pb) from under’the ro fofthe cramum (C) Olher abbrev{anons Cb

S \cerebellum‘ Ch;: ChOl‘Old membranc H hypothalamus,O ophc tcclum .01, olfaclory tract: On, atic -
nerve; T le!cnccphalon O S AT E : :

e S S ,'_:f :
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: FIG 3: S \um GTH lcvc]s (meap * SEM) ofmtact,‘.'

© sham- opcraled bhnd and/or pmm]cclomlsed <cxua|]y
“regressed goldﬁsh subjected to 46L: gD/21° in
November, The numbers beside each’ pom( rcprescm
“number pf'fﬂh mmpled at each time. The black hari-
zontal ‘bar rcprcsenls the. dark phasc of the photo-
pcnod ‘and ‘the cmply bar fepresents’ lhe hghl phase.
e Statistically - significant differences: 1200 hr blmd >
[ 2000 hrs blind ,(p '<'o-.05). Ty

"/.n,

&gmfcant]y hlgher thdn thc values Gf the
“blind group-at 2000 hr (P < 0: 05): oMales <

~were included iri the- November experiment..
. only; ¢ exclusion of. the' males did not: sxgmﬁ-

. cantly alter. the. data and males ‘seem: 10

have similar dally cyeles in serum, GTH

- “levels compafed to females (A Honlela and
" R. E. Peter;. unpubhshed) ‘

¢ . "The serum GTH Jevels: in maturc female
"-go]df‘sh exposed to 16L: 8D/21° in early”.

‘MarcK¥re shown-in Fig. 4. The GTH levels-
of the intact group at 1200 hr were sngmﬁ-

"‘.,camly higher than the' values of the intact-

- group at-2000 hr (P < 0.05), similar to the ~

~ values reported by Hontela and Peter(1978)
for maturc female fish under these condi- .
tions. Also, the values of- the sham~
- operated group at 1200 hr were higher than
~ -the .values. of the shdm operated group at’

- 2000 hr (P <0.05, one tailed); there were
no différences ' between the intact and sham
"~ groups at ¢|lher }700 or at 2000 hr. The val

- ues of the lmacl group at 1200 hr were sng-

) “warly Margh

g

e
.
3
5
'E
.8
-8
"é' .
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FIG 4 Scrum GTH ]cvcls(mcan > SEM)of:mact
sham- operaled “blind and/or pmcaIcclomncd maturc
fcm'ale -goldfish cub,Jcc(ed to '161.:8D/21%" in car]y
‘March. (See legend 10 Fig. 3 for.more, delall ) Statisti-

“ cally-sighificant differénces: 11200 hr intact >-2008 hr. -
infact (P <:0.05), 1200 hr. mtacl > 1200 hr -
bhnd—plncalcclomlscd (P < 0,05), 1200 hr ‘intact >

v 1700 ‘hr bund. (P '<:0.05, one xa:led) 1200 hr intact >’

: 1200 hr pmcalcclommed (I’ <0: I.'one ldllcd) 1200 hr
“hami®z, 2000 hr sham (P £ 0,05, onc. td:lcd) 1200 hr

BTy
RS

Eﬂ.q nd- >4
a0

' nlfcanlly hughcr 3?han the va]ues of the

* blind = pmealcclommcd ;,roup at 1200 hr (P
<. 05), and the blind group at 1200 hr(P <
0.05, ‘one -tailed), and tended to-be hlgher
‘than the pinealectomised: group-at 1200 hr:
(P£-<:0.10,70one tailed). The values of the
blind group at 1200 hr were mgmfcantly
‘higher than the va]ucs of lhe blmd grouP at
2000 -hr (P < 0. 05) ‘ .
Serum .GTH - levels in fish ex;)osed to -
16L 8D/21%in late Aprll are shown in Fig. 5: '

The values of the intdct group at 1200 hr) o

“were. hlgher than lhe values of the ‘intact:.
.group at' 2000 hr (P.< 0.05, one-tailed), and.’
the values of the Shdm operated group at
1200:hr were hlgher than the values of the.
sham- operated group at 2000 hr (P'< 0.05; -

one tailed). Also, the serum GTH levels of
- the intact group at ]200 r'were higher than

" the serum levels ofthe pmealectomlsed and

' 2ooo hr bhnd he<d '@_05) R S
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- results for 'mature fish under these condi-
- 110ns (Hontela and Peter, 1978) (An intact -
group was not. mcluded in:this eXpenment )

* tomised (P < 0.05), 1200 hr intact >
- blind - p|ncalecxom1scd (P < 0 05) IZQO hr sham:> .
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oy g e Opentwd operaled blind,.and/or pmcaleclomrscd mature female .
B R20 e 200 U A fish- subJected 1o 8L:16D/21° in mid-March. (See

T-me ol Day (hourl

FIG 5 Serum GTH lIevels (mean = SEM) of intact,
'Shdm -operaled, blind, and/or’ pmealeclom:scd mature
“female. goldﬁsh subjected o 16L:8D/21% in late April.

&0, 05 one tailed), '1200 hr-intact > 1200 hr pnnealec—

2000 hr sham, (P <.0. 05 one ldlled)

blmd pmealectomrsed gréups al 1200 hr'

P<0. 05)
' The serum GTH levels of mature female

-fish subjected. to 8L 16D/2l° in mid- March_
" are shown in Fig. 6. The 1200 4nd 2000:hr ;-
" values of the sham control group were not.

sxgml’cantl?/ drfferenl srmrlarly to previous

~The values of the pnnealectomlsed group at

‘ 1200 hr- were higher than the valués “of
the plnealeclomrsed group at 2000 hr -

(P < 0.05). Also;. the values ‘of ‘the
blmd pmealectomrsed group at 1200 were

at1200 and 2000 hriwere not srgmfcantly
dlﬁ'erent 11 lhe blmd group ' '

1200 hr';
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legend to Fig..3 for more “detail.) Statistically signifi-
cant. differences: 1200 hr pmcalec(omrsed >0 2000_)"

The presample values (2000 hr on Day 4)
‘were no( srgnlflcanLly different from

'grouped 2000-hr. values on Days 7, 8,:and 9
“in 16.0ut of the 19 expenmen(al groups the
“:presample . values were: lower (P < 0.05):
""than the 2000-hr values on Days 7,8, and 9 .
‘in.the 16L:8D/21> Shdm operated groups :

from March and ‘April, and in‘the 16L: 8D/
21° blmd plnealectOmlsed group- from
March. . -

_ The- GSls of the ‘various expenmental
g,roups are presenlcd inTable 1. There were

no s:gmf’cant differences between; the -

groups in the Novcmber CXpCl‘lanl Inthe - -
~groups exposed to l6L 8D/21° in March,
the GSY of the intact group was higher than '
the GSI of the blind - pinealectomised
- group (P < 0.05), and the GSI-of the o
~sham- operated group was ‘higher than the ’

hxgoher than the values »of thve'_f"-GSI of the blind - pmealeclomrsed and the:

: blmd pmealectomnsed group at 2000 hr (P
°<0:05, one tailed). The serum GTH levels .

pmealeclomlsed groups (P <0.05), respec-

‘tively. The GSI of the intact: group sub-

Jecled ‘to 16L 8D/21° in" April ‘was hlgher

“thari“the GSI of the bllnd and the pmealec—

- pinealectomiséd: (P <.0.05); 1200 hr blind~pinealec=-
~ - tomised > 2000 hr blind - plne'xlectomrscd (P <0 05 .

(See Jegend to Fig. 3 for more detail.) Statistically, sig- “one lallCd)

mﬁcant differencés: 1200 hr intaci:>.2000 br intact (P -

o



tomlsed groups (P < 0. 05) in that expen- 'vand blmdmg«’;"
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" : TABLE l v : :
Er FECTS OF PlNEALhcroMY AND BLINDING ON,THE GONADOSOMATIC lezx OF GOLDFISH

Gonadosom atic index (X ¥ SEM)

Bhotoperiod— Tlme ’

temperature_ .. of . o K ; '_Sham . : ‘ Blind DR
regime - . year ' - Intact operated © . Blind - pi}n‘caleelorruscd Pinevalectomised‘_
: v»l‘6l,:8D‘/2l° ‘.Novveml)erbl. 2,\,8:2%3 w 3’3:332 2;1(;42 V2._E)SV1=O;' | 2;::(;58 .
R N o 7-;'%2-:? Ceses . sesug R
. | ”
e M4 58-;-:;’ ey TRy

e Slgmﬁcantly lower P < 0. 05) lhan intact group inthe Samc cxpenment" S .

e Srgmﬁcant lower (P < 0. 05) than sham- operated grdup |n the same expcnment

ment. .. S R TI and 2000 hr- ey "'ect’changes inthe daily

_ S ' s “ . eycle, This is. fer supported: by the. pre-
AL D|SCUSS|ON IR ,-sample\values A4ken at 2000 hr on- Day 4;
The expenmental desngn of the present,:_.the presan 53€ valués within experlmental

o :study is similar to that used previously to T”fgrm}p “were general]y srmllar to those ob—'
‘i_'demonstrate the ‘effects of photoperiod,
‘temperaturé, and ‘sexual condition on t’h :

female goldfish: (Hontela and P, ter- 8').", that at least that part of the cycle is stable.:

_ Previously an apogee and a' nadrr in serum: . Since the daily ¢ycle of serum-GTH. Can

GTH levels were found-at 1200 and 2000 hr' :vary with the state of gonadal development :

(4-and 12.hr after lights on), respectlvely, in.“-in goldt'sh (Hontela and Peter, 1978), ‘the -~

- sexuvally- ‘mature female goldf'sh subjected “blood samples-in the present experiments
lo 16L: 8D/21° -in the sprmg Because of. were taken relatively soon postoperalrvely S

" “thes€ findings, - 1200 and 2000 hr were cho- so-that the state of the gonads’ would not be

. 'sen as the two samphng timés in the present greatly altered before sampling. Postopera-
f~study Similar to our prevrous results, ‘the tively the fish: were exposed to'12L:12D/12°

.. --1200-hr GTH levels were hrgher than ‘the for 8. days .no effects ofpmealectomy were'.
' 2000-hr levels in intact, and also in.sham- found in goldt‘sh held at’ 12L.:12D/24. 50

" operated: mature females under 16L: 8D/21° ~(Peter,. 1968), and’ changes in gonadal state

‘ ously, ?nd that. the etTects of pmealectomy' Fenwrck 1970b 37 days Urasakl 1973 22 ‘

inthe-spring. In addition, srmr]ar to patterns are slow.in goldfish at 12° compared to 21°
descnbed by. Hontela and Peter (1978) for - (R. Peter and ‘A. ‘Hontela, unpubhshed)

fish under these c0ndmons the 1200--and . Exposure to the experlmental condmons of ..~
~-72000-hr serum GTH levels were not. srgmﬁ—} 16L:8D/21° or 8L:16D/21° for next 7109 .
- cantly dnfferent in mature femalee’;‘under' days isa relatlvely short” period compared : "
, '8L:16D/21°in the spring, and in regressed' to length of time after which pmealectomy P
_fsh under 16L.: 8D/21°m the fall. Therefore,: and/or blinding were found to have srgmf—" ‘
Citis assumed that the. daily cycles of serum -~ cant effects on the’ reproductive system in_ -~

GTH in the. control groups in-the present other investigations (21 to 28 days; de Viam-
study are similar to-the cycles found previ- - ing and Vodicnik, 1978; 45 to - 115 days,

“the narr of §he dally cycle was prev:ouslyv
- daily ‘cycles -in serum GTH fevels. in the ’detected at; 2000 hi; this ev:dence suggests
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days Vodlcmk et ' al., 1978). In spite of the
relatively . short exposure to experlmental

~ conditions in our. study, some significant .
_effects of pmealectomy and/or blinding on

GSI were found. However, since the.
-‘changes did not represent major differences
“inthe state of the ‘gonajls (e £., change from
mature to regressed condmon) it is likely
that ‘the dlfferences in serum GTH levels
i*were due to the operations and not to

LS changes in gonadal condition. et
. The results indicate that the effects of.
- pinealectomy. ‘and blinding on-serum GTH

“Jevels and on gonadal deve]opmem in the'
goldfsh depend on.the photo" :
perature regrme ‘to which. theﬁ
posed, and on the’ stage of ‘sexud

dgvelop—

. ment-of the fish."In November, pinealec-
_:. tomy has-no “effect on either serum GTH .
levels at 12 and 20 hr, or the: GSI of fish'

“exposed to a_long photoperiod-and warm

temperature.- Similar evidence;’ although,

Zbased on samples with smallér numbers: of

fish, has been provrded by Vodicnik e al.
(1978) who found-no cffect of pmea]ec(omy :
‘on pnurlary and serum GTH levels .

" “throughout a 24-hr penod in female goldfish-
" held at 15.5L:8.5D/24° in November Fen-

-‘wick ((1970b) also found no effect of‘

"pmea]eclomy on GSlin. g,oldf'sh exposed to
" 16L::8D/21° from- October to.December. Tt -

" hasbeen sugaested prevrously (Hontcla and
r hypothalamo— -
rprtunary gonadal .axis in goldﬁsh in Sep-
“tember.is relalrvely unresponsrve to" longg

Peter, 1978) that the

-~ photoperiod .and. warm. temperature, com-
. pared to fish in Jdnuary or March. Our re-

.. sults suggest that the reproductive system

©. of sexually regressed — early reciudescence

* fish held under 16L.: 8D/21° in November is
- similarly unresponsrve to. prnea]ectomy
Tnterestingly, only blinded fish with intact
:pineal showed srgnrf’canl differences in

* serum GTH levels. between - 1200 aind: 2000

br, mdrcahng that a daily cycle in' serum

. “GTH, leve]s was promoled by blinding. The
L Ing amsm for this is not known but
‘“&m c,cxually repressed edrly re-v‘
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crudes‘cence femnale fish the eyes ‘;may sup-

press rhythmicity whereas the pineal may
stimulate rhythmicity mdependent of influ-

ence of eyes. Further investigations are re-

qurred to clarify this:

In the two spring experrmepls on ‘sexu- - -

ally’ mature females under {16L.:8D/21°,
pmealectomy, and’ bhndlng énd pinealec-
tomy abolished the. srgnlfcant drfference in
serum GTH levels between 1200 and- 2000
< hr. found in the control groups and, com-
pared to' the intact controls, significa IIX
Jowered the levels at 1200 hr so that%&j
values were snmllar to the 2000-hr values.
-~ Blinding,.on the other hand abolished the:,

~sigpificant dlfTerence in serum GTH levels

betWeen 1209 and 2000 hr in only. one ex-
penment (Apﬁ&), and srgmf'camly reduced

the . 1200-hr level§ compared to the mtact 3

controls in only - onn%éexpenmem (March).
“These results indicate that the pineal; and
‘to some extent the eyes, promotes .the 'of
currence of a&dally cycle .in serum GTFI
Jevels in fish under 16:8D/21°in the.ﬁ?prfng,
although we cannot eliminate the possrblhty
“that the results. were due to a shift in the’:
phase of ‘the dally cycle In addition the
present results SUggest that the, pmea] and
possibly the eyes mlerdependently stimu-

laie’ ovarian deve]opment in fish under "~

‘these conditions; the GSls in'the intact and:
sham .control groups -were g,reater than

in:the pinealectomized groups, a. -

blmd pinealectomized .group (March), and
a blinded group (Apnl) A stimulatory. ef-
fect. of the pineal on gonadal development

under long photopenod and‘warm temper-
“ature in spring has bcen prcvrous]y found'in
the goldfish, the. medaka, and the shrner '

" (sce mtroducnon) The effects of blinding
on-gonadal deveIOpmem reported here are:
‘consistent: with data reporled by . Urasaki
(1973) ‘who. found. that the ‘GSI of blinded -

and pmealeclomlsed medaka held under

14L.: IOD/ZIZ in the ‘spring was lower than

the GSI-of\ilte xmact fish under the same -

‘conditions. "Also, in bhnd ‘medaka held -
under natural Qholoperrod in Mayvdnd June, -
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"the GSI was lower than in intact fish

(Urasakl, 1976). However, since. pmealec-‘
tomy more conststcntly caused reduce'd
GSls than blinding in our experiments, ‘it

- seems that the pineal is. more important in -

this regard. It was previou'sly hypothesized
that the daily fluctuations in serum GTH -

~ Jevels are of significance in sttmulatlng

gonadal activity (Hontela: and.Peter, 1978;

"Peter'and Crim, 1979). The present results,
demonstrating’ that pinealectomy, and to a_

lesser extent blinding, of mature fish under
16L:8D/21° in the spring apparently

- abolishes. the daily cycle of serum GTH -
‘.f_levels and decreases gonadal SlZe, support‘
~ this hypothesrs

de Vlaming and.Vodlcntk (1977)g~re-

: .'<f='ported that the GTH: ‘activity per. pituitary
- was mmlmal 4 hr and maximal 10 hr after :
- the onset of light in sham opcrated female

shtners “held under I5.5L%8. SD/15° in

. March and that plnealec(omy abohshed
such ﬂuctuattons

tcaused decreased-
ried that a decrease.

gonad size: If it is

Cin prtuntary GTH actrvrty reﬂects htgh

serum GTH levels these results are con-.:

;. “sistent. with data from the present study
Vodicnik et ‘al.
, pmealectomy abolished the daily cycle in:.

(1978) reported that

pituitary 'GTH- levels. and lowered serum’

' GTH_levels early ip “the day -in female
.. 'goldfish held under 15.5L: 8: 5D/22° for 22,
-days in March. The results of Vodicnik et
“al. (1978) also’ |nd|cate that the serum GTH
flevels of ‘both the sham- operated and

= pmealectomtsed fish had stgmf'c”ang:datly

variations, the leve]s in.both groups being

Jower at 4 hr than at ]0 hr after the onset of

ltght The finding that the serum GTH

‘:ﬁ levels are higher late in the. photOphase are

not conslstent with our present data, or the

: data‘reported by Breton et al. (1972) -and:
~~ Hontela and Peter (1978). for goldfish sub-
.- jected to & similar environmental reglme'
‘The dtfference inthe ttmmg of the apogee ih
serumi GTH in the two studies could be due

to a dthercnce in the preaccltmatton condt—

& trons or in thc length of exposure 1o the‘

i

" enges between the variou groups at 12 OF'
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envnronmental rcgtme The length of the o
acclimation period may influence the pat-.:

tern of daily cycles in serum GTH (Hontela’.
and Peter, unpublished). "

The pineal seems to be involved in sup-
pressron of the daily cycle in serum. GTH

levels in malu;e female goldfish held under™ "

8L.:16D/21° in . March. No- significant differ-
‘encesd were -detected between serum GTH
levels at~1200 and 2000 hr in the sham-
operated andethe blmded groups, but the-,

‘blind - pmealectomlsed f’sh were sxg'
qantly hlgher at1200 hr than-at. 20007
However, there were n‘o"sngmfcant di

2000 “hr. de
also reporte
stirnul_atory_ €
in. the shmer
datly ‘vanatlon. u1tary GTH actlwty
were found in k;‘\“! he’sham- Opé’rated and
the ptnealeclomlsed ﬁsll but uthe magni-
tud “the 'variation. ‘seemed. ‘greater in |
pmealectomlsed fish' than in the shams.
- Vodicnik er al. (1978) measured plasma and
pituitary. 'GTH levels'in sham- operated and
pmealectomtsed female golg ‘
8L:16D/21°-in- March. Fish -wés

Y

y

itary GTH activity.; -
lSD/]S° 'SIgml'cant '

" once after either 14 or 21 days ok exposure S

to the envrronmental reglme and several
pxnealectomtsed fish spawned by Day 21.
“Although' these results suggest a ftimula-

tory effect of ptnealeclomy on GTH secre-: '

tion, the .evaluation of the: data reported by
/Vodtcmk et al. (3978) is ‘difficult since.
Stacey er al. (1979) showed that ovulatton
“in the goldfish is accompamed by dramatlc

changes in serum GTH levels. Although we'

“have not found an effecl of’ pmea]eCtomy on .
‘the’ GSI ‘reversal by: plnealectomy of the

mhtbttor,ygeffect of short photopertod on =

gonadal activity in-spring has been reponed
7 for the shiner, the medaka, and the goldfish

study, and. the hterature demonstratmg

‘that pinealectomy of mature fish under

short photopertod and warm condtttons m

i
1

see, mtroductnon) ‘Résults from the’ present
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the spring promotes the occurrence of a the retina of rainbow trout has been demon-
- significant daily cycle in serum GTH levels  strated to synthetise melatonin (Gern and

" and increased gonadal activity, further sup-' "Ralph, 1979). Thus, melatonin may be re- N
ports the hypothesis that daily ¢ycles in~ leased by the pineal and retina on coordi-
serum GTH levels are of importance in. nated or independent cycles and, possibly,
stimulating .gonadal actwnty (Hontela and these cycles are underlying (heinde‘pendent’
Peter, 1978; -Peter and Crim, 1979). - or'interdependent cffects of blinding and

Our. results also show that. blinding alone ‘pinealectomy under various envnronmenta]

does not promote a daily cycle in serum regimes.
GTH levels under short pholopcﬁod in. . Our’ undcrslandmg f’(‘)f the. progonado-v'
spring, whereas pinealectomy does. This tropic and antigonmadotropic effects of the
‘suggests that, under short photdperiod, the pineal in l'_elcosls‘gcmaih_s however limited.
p‘rﬁeal influence is independent from the_ Evidente suggesting that melatonin has an
eyes, in contrast to the situation under long antigonadotropic ‘effect in teleosts has ac-
photoperiod where the effect:is mterdepen- cumulatéd (Fenwick, 1970c; Urasaki, 1972;
dent. The only mformauon concermng the 'Sundararaj and Keshavanath, 1976; {Saxena”
. effect of- blinding under short photoperiod . and Anand; 1977). However, the baEIS for
@, has been provided by Urasakl (1973, 1976) the progonadotroplc effect of the pmeal in:
-» - who-showed tHatzin the med”aka blinding teleosts is less well .understood. P&ja .and
and pinealectomy have a similar effect on anllg,onadotroplc effects of the pmeal have()
the GSI under short photoperiod: Since been also. reported in- mammals (Herbert,
these results are not consistent with results _1971 Hoffman and Kiinderling, 1975) ‘and
reported herc funhcrmveshganons are re- - new avenues of research are opened by
' some recent studies which have demon-, )
spFgted that the effects of melatonin on re- g
productive activity of mdm}qafs canbe pro- -
or. antigenadatropic dependmg on the time
of the day at which melatonm Lwas admin- o
the pmeal seems’ to stimulate gonadal de- istered (Tamarkm et al., 1976).and on the . -
cxpcnmental photopcnod regime (Turel? et

‘ gvclopmem by promoting. a. daily cycle in
serum GTH levels under long photoperiod al., 1975; Turek and Loose, 1978). This
‘may suggest that synergistic or amagonlsllc »

-and to suppress. gonadal development by -
1nh|b|[|ng such a Cyc]e under Shor[ pho[o__ actions of melalonm Wlth Othl’ compounds.
at various' times' of the day may result in

period. On lhe other hand, it does not

“have an apparent effect on GTH levels or either pro--or antigonadotropic effects. The

gonadal deve]opment under long photo- . present study ‘indicates that, ‘whatever the ‘
“mechanism involved, thc’\pmeal and in -

periodin the fall. However, it remains to be ' ,
some cases the eyes, influence the daily cy-

. shown conclusively whether the pmeal re-
ceives photic information from- the eyes. or cles of secretion of GTH in teleosts and that -
these actions are, at least in part, the basis

if jt functions mdepcndently from the ret--
~ina; Hafeez et al. (1978) demonstrated that -for the alterations in gonadal aCUYltY

'Whl]C the’ receptor cells inthe pineal. of
rainbow ‘trout. were rcsponswe to phouc
. lnpUl through the pmeal rcglOn the sup— The rcscarch was supported by Giant A6371 from
the Nalnondl Rescarch Council of Canada. We wish to
' ln Ce l (& e
porting lls n the plnca] wer mﬂucnc d thank C. R:. Paulencu for technical assistance, and

only* b‘y p.):lOilC anUl from the cyes. This L.W. Crim for the. gift of antibody and B. Breton for
*. ‘the, glft of gonadolropm used in lhc rddlonmmunoas-

qun'ed
. - Evidence presented in this study Indl-"
- cates that the pineal organ is important in.
the control of GTH secretion and gonadal .
- development in the goldfish. In the spring
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