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~XIV-
ABSTRACT

The possibiiity of controlling reprodhotine develonment
of Sarotherodon niloticus by modifying the pineal system has :
been investigated. S. niloticus oollectod from a ‘semi-
natural pond at Tung Lnng bétweenANovember, 1985 and July,
1986 showedr nonseasonal sasynchronous breeding cycles.,
: Logarithmic ratioc of gonad weight to body weight was 'shown .
to be a éuitable parameter of ovari&n.maturation. Initial
-ovarian maturation ©occurred in fish with a body weight
, grénter‘than'abont 7 g8 and full maturafionlaohieved by fish
of body weighf about 32 g. Pinealectomy of immature (mean
- body weight 11.63 i,B.SQ'g) female fish in Octooer to
‘November failed to inhibit initial ovarian development (as
measurod by change in 1log GSI) eithef -in 18 h :8 h
light:dark oyole or in constant darkness. Administration of
macerated bovine pineal (MBP) by intraperitoneal injeotionn
of immature fish (mean body‘weight 13.42 + @B.85 g) on
alternate days for 3 weeks at doses of 7;5 mg and 3@ ng
pineal per 'injection‘.under natural light in c¢ages and
constant light in'tanks in Octobor.to November caused no
significant changes in gonad weight vs. body weigho
logarithmic distribution under either  photoperiodic
condition. ﬁowever, histological observation and cytometric
_determinations of ovaries of the oonstant- light groups
revealed enlarged ter%iary"yolk and maturation  oocytes

. associated with increased yolk oontent'and enlargedo.yolk'
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~platelets in fish receiVihg 39 mg pineal tissue per
injection. All injected fish, whether receiving fish
Ringer’'s solution alone or Ringer’s solution + MBP showed
reduced numbers of oocytes in ovaries. Thus, the pineal is
therefofe ‘not required for initial ovarian maturation while
.boVine pineal deriﬁed substanceé‘.may induce increased
vitellogenesis. | |
| Skin colour of female S. niloticus held undex
conditions of constant light or constant darkness and with
daily injebtion of fish Rinéer's solution *alone or fiéh.
Ringer's solution + MBP (30 mg pineal/injection) showed
darkening of skin in constant dark compared‘ with constant
_iight and significant darkening of skin following MBP
admlnlstratlon of fish kept under constant light. The skin
colour rresponses to environmental llght oonditlon and .to
pipeai administration differ from the responses .of several
6ther fish and amphibian species to photoperiod and pineal
or melatgnin administratioh reported in the literature. rIt
is sugdested that‘the pineal célour—controllingl principle
(presumed to be melatonln), is sedretéd in the dark‘-phase,
1nh1b1ted in llght,' and causes dispersion of plgment in ther
dermal.melanophores.
It . is conclqded. tﬁat the prospects for limiting
feproduptive naotivity-of female §. niloticus. by modifying

pineal activity are poor.




CHAPTER 1

GENERAL INTRODUCTION
Cichlid fist

Cichlid fish are valuable pond fish and _almost' all
.genera are principally .herbivores. ‘Some prefer higher
plants, filamentous algae, or plankton, while others consume
vafipus~ types of aéuatic flora. - Several species are
voracious feeders &and are used to control weeds (Rifai{
1988) .

Cichlid fish, especially those of the genera Tilapia
_and Sarotherqdon, are =an important food fish in many
tfopical and subtropical countries. Many species of Tilabia
andVSarotherodon have been Qultured in developihg oountfies
where mammalian protein is insufficient (Guerrero, 1982).
Cichlid fish are used not only aé human food fish, but also
aé énimal food and, because of theif largely herbivorous
habit, to control weeds aﬁd thus, indirectly, to control
malaria and bilhazia.(Balarin and Hatton, 1878). ‘They are
 particularly suitable for culture because of their high
tolerance  to adverse environmental  conditions,  their
Irelatively . fast growth and ease with which they can be bred
{Guerrero, 1982). | '

The main drawback to the worldwide culture of cichlids




is manifest when they are allowed to grow without bohtrol in
-pondsr of limited size. The fish increase in number and,
under such conditions, individual fish reacﬁ maturity at a
much smaller sizé than they.wéuld under natural conditions,
usually as a ‘direqé résulthof‘inadequate food supplies.
Consequently, at harvest, most fish‘producedlin ponds are
too’ small” to be aéceptable-aslhqman-food. The problem is
made worse by poor pdnd conditions and the occurrence of
‘sooiall hierarchy among the fish (Chén, 19685). -This can .
become a critical problenm, ’
Ih general, cichlid fish have high breeding rates.
Their fééundity ranges from a few hundred éggs to several
thousand per spawning (Lowe-HcConnell, 1882). The efficiency
of reproduction in Sarotherodon nilgiigua has paradoxical
consequences: on one hand, this aptitudé which sllows eésy
and rapid propagation in various troﬁioal and subtropical
| environments partially ‘explains the economic .interest. in
this species for fish culture; on the other hand this
reproductive efficiendy éan be a source of problems because
uncontrolled multiplication within a limited énvironment in
8 siﬁuation of feood competition iélliable'to produce dwérf
fiéh populations of little valué (Jalabert and Zohar, 1982).
| ~ ‘Another aspect of ﬁhe reproductive efficiency of
Tilapia or Sarotherodon is precocious sexual maturation
whiech c¢an .occur as early ss Simonths in some species and
‘depénds on, probably in addition to genetié factors,

envirpnmental factors like temperatdre (Huet, 1879) and food
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availabi}ity and prﬁbabiy many intrinsic factors such as
levels of hormonal activity (Sundararaj, 1981) etc.

' As soon as sexual maturify is attaiﬁed,  and provided
tempera£ure is suitable, mosﬁ cichlid females are able to
ﬁndergo successive breeding cycles, producing neé broods at
4 to B week intervals. Especially in equatorial lakes and
pgnds, breeding occurs throughout the yvear, without well-
defined seasons.(Lowe;McCOnnell, 1982). This usualiy results
in a continuous productioﬁvof fry throughout a population,
with the exception those in certain environments subject to
substantial seasonal variations. However, the relative
asynchrony between the éexual eycles of individuasl females
can be a problem when mass production of homogeneous fry is
required for intensive fish farming (Jalabert and Zohar,
1882).

Thus, for pratical reasons dicfated by fish farming
conditions, i£ would often be advantageous either to inhibit
or delay sexusl maturation, or in some cases to favour
synchronous spawning and.b:eeding for mass proauction of fry
(Huet, 1879).

| There are various . meth;ds for controlling  the
reproduction énd recruitment of Tilapia and Sarotherodon.
These  include predator association, monogex -« culture,
differentiation of-sexes, irradiation as a technique for the
reproductive ' sterilization of tilapia: chemical castration

and - sex reversal, such as the use of methallibure for

gonadal représsion and methyltestosterone for sex reversal,




stockiqg at high densities and cage culture (Balarin and
Hatton, 1879; Huet, 1879; Rifai} 1988; Suﬁdararaj, 1881;
Guerrero, 1982; Hepher and Pruginin, 1882). Each method,
however, has certain disadvantages. |
Finally, the dreat plasticity of tilapia growth 'in
natural waters suggests ‘that concentrating reseach on
environmental and behavioral factors affecting growth and
the switch to reproduction is likely to be more helpful for
tilapia culture than the search for faster~growing genetic

strains (Lowe-McConnell, 1982).
The pinea] ] L ]

The remarkably wide variation of the pineal complex iq
vertebrates has been the subject of reseach since the. furn
.of century (Meiniel, 1981).

The diversity in structure and function characteristic
af‘the chordate pineal complex reflects a surprisingly high
degree of evolutionary and adaptive capacity inherent to
this ancient component of the brain. Deépite the striking
variations in morphology and function (Axelrod, 1974); the
pineal complex of all vertebrates exhibits the following
common feature:

;) It develops as an evagination of the roof of the
dienceéhalon. '

2y 1Its fine structure and function can be influenéed

by natural and artificisl photoperiods.
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5) Some of its cellular components are capéble of
indoleamine metsbolism (Reiter, 1974; Hartwig and Oksche,
1881).

There is ‘ considerable evidence gt present, in
vertebrate classes other than fish, attesting to the faot
that the pinesal complex may be inQolved in the regulation of
reproductive processes, especially gonad maturation, In
photoperiodic mammals therpineal organ has an antigonadal
role since removal of the pineai.typiqally causes growth and
maturation of the gonads of - animals mgintained under
nonstimulatory photoperiodic conditions (Underwood, 1881).
This suggests that the primitive function of the pineal
complex may have been in regulatidn of the reproductive
function. |

In animals, especiallﬁ mamnals, where the photopériod

appears to be an important trigger of seasonal reproductive
rhythms, the pineal complex is considered as a link between
annual photoperiodie changes and seasonal reproduction
(Vivien-Roels, 1981;. Underwood, 1881). 1In non-mammalian
_vertebrates, as far as the influenog of tHe pineal complex
appears to be progonadal, antigonadal or without effecté on
gonads (Ralph, 1878). However, most investigations are
somewhat limited and often have not taken into consideration
the environm?ntal or seasonal cues to which animals were
exposed (Vivien-Roels, 1881),

Two rdifferent groups of compounds, considered to be

responsible for its endocrine capabilities, are elaborated




by the pineal gland: (i) indoleamines (e.g. serotonin,
melatonin, 5-methoxytryptophol, 5-methoxytryptamine),and
(ii) peptidergic compounds (Reiter, 1974; Pévet, 1981).
| From the time of Lerner’s discovery of melatonin
{Lerner et al., 1958) to the present, ‘a great proportion of
_piﬁeal research has been concentrated on the role of
£elatonin_ inrpineal function. Wurtman and Axelrod (1885)
suggested that melatonin is formed speoifically by the
pineal organ, is released into the c¢irculation and
concentrated in specific target organ,.apd depresses ovsarian
" functions in rodents (Hﬁrtman and Axelrod, 1885 lit. cit.
Fenwick, 1970 a). Furthermore, the rate of melatonin
synthesis by the pineal is inhibited by continuocus light.
Wurtman et.al. (1963) have repofted a delay in the vaginal
opening and a reduction of ovarian weight  following
melatonin treatment in female rats,' and in male rats serum
melatonin demonstrated diufnal changes in gll age groups
studied (Pang, Tang and Tang, 1984). The pineal gonad of
golden-mantled ground squirrel evidently is involved in the
exprgssion of the annual hibernatory cycle (Ralph, Harlow,
and_Phillips,‘ 1983). Bittman (1984) has suggested that the
pineal controls the reproductive response of ewes to both
Stimulﬁtory {short) and inhibitbry (long) daylengtﬁ and
Almeids (19845 showed reproductive photorefractoriness in
rams and accompanying changes in the patterns of melatonin
and prolactin secretion after exposure to alternating 16-

week cycles of long and short days (16 hrs light: 8 hrs dark




and 8 hrs 1light: 16 hrs dark). Einealectomy of birds
(Brenemsn, 1950 lit. cit. Fenwick, 1978; Underwood, 1981;
Vivien-Roels, 1981) and lizards {Stebbins, 1860 lit. cit.
Fenwick, 1970 b; Cuellar, 1978; Underwood, 1981; Vivien-
Rbelsx 1881; Maier, and Singer, 1982) has been found'to‘
provoke some degree of.gonadal maturation -and in this
respect sgrees with findings in mammals.

Among the vertebrate classes the pineal complex varies
widely 1in its gross location, form and’ size, - and in its
histological composition (Ueck, 1881). The pineal organ in
fish is located on the dorsal roéf'of the brain, between the
telencephalon and the optic tectum. It is composed of three
kinds of cells: photoreceptor cells (pinealocytes), ganglion
cells {neurons) and ependymal-like supportive or
interstitial cells (Fenwick, 1970 c; Hafeez, 1871; Tamura
and Hanys, 1988; Sundararaj, 1981; Meiniel, 1981). Though
the pineal organ in fish has long been a subject of research
and review, knowledge of its physiqlogioaltrole in fish is
still far from clear. It is generally believed tﬁat the fish
pineal has a photosensory or photoreceptive function - though
somé suthors have also attributed to it a secretory function
(Sundararaj, 1981).

The available evidence indicates that in teleoit fish
the pinesal orggn may .piay an important roele in the
regulation of séveral physiological processes, possibly
including reproduction (Jalabert and Zchar, 1382).

Hany studies have been undertaken to examine the role




of the’ pineal or melatonin in gonadal function in {fish.
Under certain e¢ircumstances the pineal seems to have
antigonadal properties in teleosts (Sundararaj, '1981) and
pineal meiatonin can iﬁduce marked changes in neurcendocrine
and gonadal acﬁivities in a number of fish (Fenwick, 18760
b). Recent studies have demonstrated that pineal melatonin
has progonadal properties alsoc and that it can inhibit ' the
antigoﬁadal activitigs of the pineal. This ambivalent action
of melatonin has been shown to depend on dose, mode and time
of administration and the photoperiod to which the
experimental animals.are exposed. Fenwick (1969) has also
shown that in the goldfish gonadal responsse to experimental
light-dark - regimes varied during the year; there was a
seasonsal vafiation in responsiveness to photoperiocd and the
pineal organ of the goldfish was found to be s=pecifically
related to photoperiod regimes and this relationship was
associated with responsiveness of the gonad to  light
(Fenwick; 1878 a). However, all the observed antigonadal
activities of the pineal extracts cannot be explained by
its melatonin content. Fenwick (1872& b) demonstrated that
injections of melatonin inhibited the normél increase of
gonadal size usually induced by an increasing photoperiod.
More recently, Urasaki (1878) suggested that in QOryzias
latipes, pingalﬂ effect may be stimulatory upder continous
illumination or long ﬁhotoperiods and inhibitory under
constant darkness or short photoperiods: In another species,
Notemigonus crvsoleucus , De Vliaming (19?5 lit. eit. Vivien-

%
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Roels, 1981) has shown that the pineal may be inhibitory or
stimulatory Wwith respect to gonadal function, depending on
the combination of water temperature and photoperiods.

The effect of pinealectomy on reproducfion in teleost
fish varies considerably with the species, season and
condition of photoperiodf In the Japanese killifish, Q.
latipes, melatonin inhibited gonadal development of both
intact and ﬁinealectomized fish exposed to a 16 h-
photoperiod, while the same £réatment had no effect in fish
maintained on an 8h-photoperiod (Urazéki, 1972). In the same
species, Urazaki (1876) showed thaf fish pinealectomizéd
during winter and the maintained under short photdperiods
had larger 'ovaries than copntrols, while the ovaries of
animals maintained under long photoperiods were smaller than
controls. De Vlaming (1975 lit. cit. Vivien-Roels, 1881)
observed that pinealectomy caused either gonada]r regression
or rétardea maturation if the fish were maintained on a
" short photoperiod-warm temperature regime. Day et al., (13883)
suggested that pinealectomized fish did not remain sexually .
active when exposed to short days and in Fundulus
heteroelitus neither the eyes nor the pineal organ were
essential for the initiation or maintenance- of seasonal
‘reproduction.- Vodicnik et al (1878 1it. cit. Peter, 1888)
reported that pinealectomy of recrudescing female goldfish
held on a long ph;toperiod and warm temperature for 22 days
caused a decrease in plasma gonadotrophin hormone levels at

4 hours but not at 18 hours after the onéet_ of the
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photophase; These results are partly consisﬁent with the
significantly lower GSI (gonadosomatic index: gonad weight
expressed as percent of body weight) in the pinealectomized
fish (Peter, 1988). Therefore, the pineal organ can be
antigonadal or progonadal during different seasons dépending
on daylength conditions.

An overall review of the functiongl aspects of tone
pineal in fish suggests that the pineal modulates
physiolqgical activities to facilitate breeding during the
proper season and to prevent breeding during the
unfavourable sesasons bf the vear (De Viaming and Vodicnik,
18978; Vodicnik et al, 1979; Vivien-Roels, 1881). Precision
in breeding periodicity has been described as an adaptation.
to synchroniée the emergence of fry with the availability of
proper food,. which itself is subject to cycles of seasonal

abundance {(Sundararaj, 1881).

The. i . ; , g ] 5. piloti by
the pineal complex

The tilapia, S. niloticus has become inéreasingly
impertant in fish eculture in Thailand in recent years(
because it is appreciated by customers and can produce high
vields on relatively low inputs. HNevertheless, the culture
oék.&. niloticus is beset with the management problems.

referred to'above; viz. they breed in productioh ponds while

still vyoung and small, thereby leading to a .greatly -
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inereased and supra-optimal population size, The resulting
competition for food lowers the growth rate and causes
frequent stunting. Only by controlling reproduction in these

production ponds can yields of fish of marketable size per

"unit pond area be obtained. With present techniques for

reproduction control still largely unsatisfactory , it . is

VCOnsidered worthwhile te explore the possibilities for new

technigues of control. With abundant evidence for a key role
for the pineal in reproductive control in other vertebrate

groups and at least some evidence for pineal involvement in

- the control of reproduction in certain teleosts, 1t 1is

possible that a method for reproductive control (inhibition)
in . 5. piloticgus based on a pineal mediated system could

provide a feasible means of population control in production

‘ponds of this species.

The aim of the study reported here was to  invesLigate
the' dependency of.ovarian development on pineal function in
female S. nileticus. The immediate objectives were 1) to
determine the size of fish at which initial ovarian
development occurred 2 to -find an easily measurable
parameter of ovarian development and 3) to determine if
simple alterations in pinesal stgtUS (pinéalectomy' and/or
injection of macéerated bovine pineal tissue) could produce

detectable changes in ovarian'dévelopment.




CHAPTER 2

A STUDY OF 3. unpiloticus FROM A CULTIVATION POND (AT TUNG
LUNG); CONSIDERATION OF BODY WEIGHT, GONAD WEIGHT AND

DEVELOPHENTAL STAGES OF OOGENESIS

Previocus studies (Fenwick, 1869 and 1976 a; Urasaki,
1972; Joss, 1973; De Vlaming and Vodicnik, 18789) have
ihdicated that the season at which pinealectomy or melatonin
injection are ‘performea has a profound influence on the
effects of these procedures. Thus, recent investigations of
de Vlaming and Vodicnik (1978) suggested that the pineal may
. be stimulatory or inhibitory tg reproductive activity in
female C. auratus depending on the photoperiod-temperature
regimes to which that fish are exposed during =a certain
season. Therefore, the pineal complex could potentially be
involved in mediating ‘the effects . of photoperiod ‘on
reproduction in teleosts.

Most of these studies have been done on temperate fish
under tgmpéra%e conditions. It is normal under these
conditions for fish to show seasonal breeding. Reproductive

cycles have been shown to be regulated or synchronized by

- seasonally changing daylength (de Vlaming and Vodicnik,

1978). However, the present investigation was carried out on
a tropical fish under tropical conditions where seasons were

not clearly marked, and photoperiod and temperature
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variations throughout the vear are not of great _magnitude.
Most nropibal fish breed throughout the year, though .the
number of breeding fish in any population might be slightly
higher during the wét season (Lowe-McConnell, 1958 1it. cit.
Jaiabert énd Zohar, 1882). -

It was considered necessary, therefore, to examine the
reproductive status of a population of 8. niloticus under
"semi-natural conditions to determine if any seasonal -
breeding cycle occurred, and so that the most suitable time
or size of fish could be selected for studies of the effects
éf pineal maﬁipulation.

This was done by investigating the relatiénships among
body weight, gonad weight anﬁ developmental condition of the
ovaries as judged by hiétological observation and examining
the distribution of these,paramefers in the population at
different times of the year.

The ‘time at which the pineal might exert an influence
Has believed.to be'duriﬁg the period of gonadal development
either duriﬁg initial maturation or development within the

adult breeding cycle.
PART A BODY WEIGHT/GONAD WEIGHT RELATIONSHIP
PROCEDURES

A  population of 5. niloticus in a cultivation pond

L4
o

located at Tung Lung, Songkhla province (86 5@°' 45 N, 100
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28° 25" E) was examined from November, 1985 to July, 1886.
This wés an artificial pond, earth-banked, and of roughly
rectangular surface area, approximately 6@ m x.lﬁﬁ m, and of
g water depth appfoximately Z m. The pond had been stocked
Qith Fingerlings 3-4 years previously, and fish of
marketable size (>15 om body length) removed in small
batches for sale continuously and all large fish .harvested
once ﬁr twice a yeér. 4 battery hen unit was operated above
the pona and covered aﬁproximately 5 % of the pond aresa.
Waste from the hen unit (spilled food, faeces etc.) fell
through to the pond.

Sampies of fish were collected 2 times a moﬁth for o
months aﬁd one time per month for another 4 months. In each

sample, 20 to 49 female 5. npiloticus of various sizes were

collected each time by using throwing nets of 20 - &5 mm
mesh size. LFfter collection, the fish were immediabtuly

transported in aserated water to the laboratory, a journey of
about 30 minutes. The length of each fish was measured, and
the body weighed. Fish'were then killed by transection of

the spinal cord dorsal to the posterior borders of the

opercula. Ovaries were remoﬁed, weighed, their length and
width measured and then Ffixed 1in Bouin’'s fluid. The
gonadosomatic index was - culeculated (GSI = gonad weight

expressed as percentage of body weight).
Fixed ovaries were dehydrated in ethyl alcohol for
about 38 hours and overnight in c¢ellasove, cleared in

benzene, embedded in paraplast (M.Pt. 56 C Sherwocd Medical,
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St. Louis, USA) and sectioned at 7 um. Sections were stained
in Harris = hematoxylin, ecounter-stained in Bowie s eosin

and mounted in D.P.X.
RESULTS AND DISCUSSION

i. Throughout the collection period, fish Fhowed a wide
variation of gonad weight for a similar body weight. The
relationships between bbdy'weight and gonad weight at each
sampling time are shdwn in Fig. 1-13. The changes in value
of mean GSI of this peopulation thfoughoﬁt the obllection

period are shown in Table 1.' One-way analysis of varilance

failed to show any significant differences hetween
collection groups (Table 2), since the within groups
variation was large. Relative standard error values within

groups ranged from 18 % t; 20 %, The median test was- also
used to examine. the distribution of GSI wvalues at each
~collection time but again no significant differences were
~apparent (Table 3).' |

ii. Since no differences appeared throughout the
collection period, all data were combined, and the overall
distribution of this population ié shownlin Fig. 14. The
wide variation in gonad weight for any given body weight was
reduced by doing a logarithmic transformation of the data
‘(both body weight and gonad weight) as shown in Fig. 15.
Although the general tendency for gcocnad weight to ingrease

with log body weight 1is apparent, considerably more
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understanding of this relationship of gonad weight and body
'weight is poséible by employving the concept of the “envelope
curve . In Fig. 15 the envelope curve, and the “minimum
curve" have been drawn. The envelope curve can be considered
as representing the probable maximum gonad weight at any
given bbdy weight. The curve reaches a'plateau at about 100
g body weight (iog B.WE. = 5.88) of fish. The minimumn curve
shows c¢learly that the minimum height of gonad increased
wiﬁh body weight at least in fish greater than about 32 g
(log B.Wt. = 4.58). In small fish (<7 7 g, log B.WL, = 3;85)
the .range between maximum and miniwmum gonad weight was
narrow but in fish heavier than 7 é it became gradually
wider, up to a body weight of about B® g (log B.Wt. = 4.78).

Throughout -this range (7 g - 1860 g), the GSI value of
the envelope curve increases rapidly (ﬁrom about @.Bé %  to
i@ %) and probably ccincides with the period at which
initial ovarian maturation occurs (at least in some fisﬁ of
‘the population). . In fish larger than about 66 g and up to
.about 188 g, maximum GSI (i.e. the envelope curves is

relatively constant but above this level falls with

inecreasing body weight to about Z % at 328 g.
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Table 1 Uslue of mean changes in gonadosomatic index of female 5.
_ niloticus {n = 418) in 9 months.

Time number of fish GSI (mean * 5.E. g/188g>
{yr.mon.date)
1. 85.11.26 35 1.19 + 8.23
2. B5.12.86 24 1.42 ¢+ 8.29
3. B85.12.28 32 1.51 + B8.27
4. B86.81.86 48 1.86 + B.18
5. B6.81.23 34 8.83 t 6.17
6. B86.42.86 43 1.38 £ B.28
7. 86.62.27 21 1.57 = 6.25.
8. 86.83.17 36 1.26 ¢ 8.19
3. 86.683.31 38 1.88 ¢ 4.1/
18. 86.84.15 28 1.15 % 68.16-
11. 86.85.81 34 1.17 £ B.16
12. -86.606.43 8 1.26 + B.14
13. 66.687.28 31 1.53 + 8.386

Table 2 The analysis of wvariance of §S1 of female 5. niloticus
of each tises in 9 months,

soy d.f. =) HS
Total 417 688. 2588 )
between groups 12 17.8o88 1.48848
within groups 485 582. 45088 1.4488
ns
F = 1.8278
ns = not sigraficantly different (P>E.5)
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Table 3 Median test for body weight/gonad weight rélationship in BSI
during 8 months.

Time GSI > grand median | 65! < grand median Total
{yr.mon.date? .

1 85.11.26 16 18 35
2 BH.12.86 12 12 24
3 B85.12.28 17 15 32
4 B&.B1.86 17 23 48
5 B5.81.23 18 24 34
b B6.682. B6 19 24 43
7 B5.82. 27 13 B 21
B g86.83.17 18 18 13
9 g6.83.31 16 22 38
18 86.d4.15 13 7 28
11 86.85. 81 28 14 24
12 B5.05.83 19 11 g
13 86.87.28 15 16 31

Total 285 213 418

P> B.85 (Chi-square test)
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Fig. 1-13  The relationship between body weight and gonad weight at

~each sampling time in 9 months
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PART B RELATIONSHIP OF OVARIAN DEVELOPMENTAL STAGE TO BODY

WEIGHT/GONAD WEIGHT DISTRIBUTION
PROCEDURES

A subsqmple of 8 to 12 ovaries from the fish sample  at
each collecéion time was made for histological examination.
Subsampling was done by first plotting the distribution of
gonad weight against body wéight on iogariﬁhmic axes and
then seieoting ovaries from the high, mid and low range of
log gonad weiéht in each of 4 to 5 log body ﬁeight intervals
of 8.1,

The various cytologicai stages of .oogenesis were
determined iﬁ the histological stud& | by following the
methods and principles ouélined by HNagahama (1898B3) +to
ascertain the state of_maturation of the ovaries.

Ovaries generally contain several different stages of
oocyte development but the particular stages present, and
their felative numbers vﬁry. Ovaries of §. niloticus were
clasgsified according 'ﬁo the oogyte de#elopmental stagesr

present.
RESULTS AND DISCUSSION
-In this experiment, the developmental stage of &.

niloticus is divided into 8 stages (Nagahama, 1983) :-

1. Oogonium stage :- range in diameter from 5 to 16 amnm.
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and- consist of arlarge round nucleus, a single prominent
nucleclus and pale indistinst cytoplasnm. They are grouped
- in cell “nests’.

2. Perinucleolus stage

a) Early perinucleolus stage :—- The nucleus
increases 1in size, and ﬁultiplé nucleoli become located
around the periphery of - ihe large pale nucleus and
basophilic cytoplasm. Cocyte diamefers for this stage
ranged from 35 to 52 _am,

b)Y Late perinucleclus stége :~ can be. distingdished
frqm previous stage by the enlargement of cocyte with vyolk
nucleus in slightly basophilic cytoplasm. An increased
oocyte diameter ranges from 75 to 210 am.

3. Yolk—vesicle staée :— The first structure to appesar
within the ococyte cytoplasm during the secondary growth ¢f
cocytes and first appear in the outer and midcortical =zones
of the oocyté. At maturity of this stage they move to the

peripheryr of the ococyte, where they are known as cortical

alveoli. In this stage, occyte digheter ranges from 180 to
3080 _am.
4. Oil-drop stage :- 0il droplets first appear in the

perinuclecolus area and then migrate to the periphery in
later stages. An increasing in number fat drops  occcur in
cytoplasm arouﬁd nucieus. The range of diameter of ococyte
is 258 to é?@,um.

5. P;imary—yolk globuie stage :— can be identified by

the dqposition of primary yolk. Yolk globules are formed in
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this stage by the fusion of small, c¢oated vesicle. In this
stage, the oocyte has a slightly eosinophilic oytoélasm, and
the diameter of oocytes ranges from 288 to 450 um.

6. Seéonddry~yolk globule Istage :~ pocyte diameter
ranges .frog 434 to 824 am. Oocytes show secondary volk
granules (size about 3.7-7.5_am.) within. the eosinophilic‘
cytoplasm. Nucleus is eosinophilic with nucleoli:

7. Tertiary wvolk gleobule stage :- is oharacperized by a
rapid increéased in size of ococytes ranging form 899 to 1260
Am, The vyolk 'g10bules from =& éingle mass of yolk,
Increasing numbers of eosinophilic yolk globules indicating
tertiary yolk deposition appear in the cytnplasm.

8. Maturation étage ;— Qocyte diameter fanges from 1300
to 1628 um. - The nucleus was frequently eccentric in its
location within the <cell, sand the nulear membrane dnd
nycléoli show éigns of disintegration. - The ‘oooytes, with

“strongly eqsinophilic cytoplasm are filled with tertiary
volk globules (size about 12.5 . am) which coalesce to form a
solid'mass.

Composition of ovaries exdmined is shown in Table Al
(Appendix).

Hore £han one developmental stage was present in most
ovaries. On the basis of develdémental stages of gonads
represented in the ovary, ovaries could be distinguished as
belonging toﬂode of six “combonations”. N

Combination 1. QOogonia only (Fig. 16).

2. Oogonia - preprimary volk globule




oocylLes only (Fig. 17).
3. Oogonia - pre-masturation oocytes only
(Fig. 18). |
4. Oogonia-- maturation oocytes (Fig:‘lg).
5. Post-oogonium .stages - pre-maturation
oocyt35jon1y (Figf 2@).
8..Pos£-oogonium ~ stages - maturation
oncytes only (Fig. 21).

The distribution of fish with ovaries in égch of these
combinations is shown in Fig. 22. | The distributioﬁs are
clearly defined. The ranges of gonad_weight of ovaries in
these different combinations are shown in Table 4.

A  te=zt of significant differences amdhg 4 cémbinations
_(cqmbinations 3 and 5, and combinations 4 and B oombined) by
comparing the siopes of fegression lines is shown inr Table
5. ‘These'regression lines are shown in Fig. 23. Conmparison
of slopeé and elevations. of these regression lines by
analysis of ‘ovariance showed  no significaﬁt differences
between slopes but highly signifioapt differenoes in
eleQation (P<P.08E5H). Multiple comparison procedures to
determine between which elevations the differences occur,

revealed the elevation of each line is significantly

different from all others P<@.081 (Table 6).




Table 4 The range of gonad weight of ovaries with different combinations.

Combination range of gonad weight
, min. — max. (g)

1. Dogoenia only S B.g84 - B.817
2. Oogonia-~ pre-primary yolk globule cocytes only 8.883 - 1.121
3. Oogonia - pre-maturation ococytes only 8.896 ~ 5.3456
4. Ooginia - maturation ococytes - 2.281 - 6.832
.»5. Post-oogonium stages - pre-maturation oocytes only B.194 - 3.588
1.9686 - B.3947

&. Post-oogonium stages - maturation cocytes only

_Lz_




Table 5 Calculations for testing for significant difference between

slopes and elevations of regression lines (log body weight
~ws. log gonad weight? for each combination .
»? ®y y? Res. §S5 Res. DOF Fq-w Fa-v
Regression of ns %
combination 1 ‘B.8745 8.1173 8.13987 8.8866 1 L 2.31 8g.18
2 2.84555 2.43967 J.8828 5.9694 45
3 (3+5> 2.78%3 1.2693 6.3278 &.3582 g6 -
: 4 (4+6)  B.7577 B.4447 8.4878 8.2276 13
"Pooled" regression 12.5524 i15
"Common" regression 5.6778  4.3288 16.6883 13.3887 118
Total regression 7.8264 12.68285 £8.9776 48.4134 121

Foq—w
Fo-wy
"ns
Lo

1w

F-walue of test for differences betwusen slopes
F-value of test for differences betueen elevations

not significantly different at B8.85 confidence interwval
significantly different at 0.8883 confidence interval

tgzq
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Tabhle 6 Multiple comparisons among elevations of those continuous
: The Newman-—

(combination 3+ = 3,
Keuls multiple range test.

combination 4+6 = 4) by

Comp. iDifference!Difference! SE

f
i

(fp~Ya 2

1
]

18.1911
18.68778
18,8691
i8.1518
18,8382
18. 1459

4 vs, 1 | 8.4538
4 vs, 2 1 8.2331
4 vs. 3 | B.8681
Ivs. 1 | B.3929
I vs. 2 | B.1730
2wvs, 1 1 B.2199

ol =

p=

Caverall conclusion _ul = uZ2 = u

The signiFicance'level
The total number of means being tested
3 = ud

each elevation was significant different (P<8.881)
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Fig. 18 Combination 1: "oogonia only"; 0 = Oogonié stage,
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-Fig.

17

Combination 2: "ocogonia to pre¥primary volk globule

11

doéytes only"; EP-= Eafly—perinucleolus stage, LP
Late—perinucleoius -stage, YN = Yolk nuéleus, YV =

Yolk-vesicle stage, OD = O0il-drop stage.




T

Combination 3: "ocogonia to pre-maturation oocytes

Aonly"; EP = Early-perinucleolus stage, LP = Late?

perinucleolus stage, YN = Yolk nucleus, 17y =

Primary—yolk stage, 3°—Y = Tertiary-yolk stage.
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Fig.

18

Combination 4: “oogonia-maturation ococytés”; EP =
Early—perinucleolus étage, LP = Late-perinucleolus
stage, YN = Yolk nucleus, YV = Yolk-vesicle stgge,
3°—Y = Tertiary—yolk‘éfage, MAT = Maturationrétage,

EN = Eccentric nuecleus.
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¥ V"'lﬁur.""'.‘.’
W B

bk LT,
?‘.c;.r .

Fig. 20 Combination 5: “post-cogonium stages to pre-
maturation oocytes only"; EP = Early-perinucleolus
-~ stage, YV = Yolk-vesicle stage, 0D = Oil-drop %ﬁage,

1°—Y, = Primary-yolk stagé, 2°—Y

1

Secondary-~yolk

[ . . .
stage, 3 -Y = Tertiary-yolk stage.
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“post-oogonium stages-maturation

Combination 6:

21

Fig.

HMAT

-Y = Tertiary—yblk stage,

°
3

Ed

only"”

oocytes

Maturation stage.
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~ Fig.22 The distribution of fish with ovaries in each of "

six combinations
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EVALUATION

No evidence of a seasonal breeding season 1in ?ﬁis
population during ﬁovember, 1985 to July, 1988 was apparent,
although the wide range of ovarian development in fish with
a body weight greéter than about BB-g suggests a cyclicity’
of reﬁroductive dévelopment but.with no synchrﬁny among the
members of.the population. The use of fish‘greater than 20
g for an investigation of pineal effects would be unsuitable
because of the heterogenity of samples. For this reason for
examination of the pineal effects, it waz decided to use
tish of smaller size so that the period of initial
development of ovaries was covered, 1i.e.- the period .of
highest gradient in the envelope curve (log‘gonad weight/log
bodyxweight). |

The similar width of the range of log gonad weight in
the log gonad weiéht body weight distribution of fish in

.differeﬁt ovarian development states makes the use of  this
distribution itself an ideal. indicator of —ovarian
devélopment. In this.aspect it differs from the use of mean
GSI, which hides the true relationships between body weight
and gonad weight within the samples and is not so sound
statistically. In using  GSI, ‘the estimated population
variance of GSI of fish with mature gonads differs markedly

. from that of fish with immature or intermediate ovaries.




CHAPTER 3

PRELIMINARY EFFECT OF PINEAL ADMINISTRATION : THE COLOUR

CHANGE OF 5. niloticus

The effect on colour qhange of 5. npniloticus of bovine
pineal injection was investigated here. This preliminary
experiment was performed to determine if_colour change. was
indeed induced by macerated bovine pineal injection. If it
.were, then uptake of the colour bhangé inducing prineiple,

presumed to be melatonin; would be confirmed.
PROCEDURES

Ten female fish from Tung Lung (i2-1% cm body 1length
‘and 35 -89 g body weight) were used. Five fish kept under
constant light and five undér constant darkness for 7 days
before the beginning of this expéfiment. Of each group of
five, three were iﬁjected intraperifoneally with a mixed
solution of mécerated bovine pineal and fish Ringer’s
solution (Hoar and Randall, 187¢), and the rest with Ringer
alone. |

The mixed solution was prepared b& homogeniziﬁg - bovine
pineal (bull’s pineal only) with & manual glass homogenizer
and adding fish Ringer’s solution (380 mg pineal/injection).

Homogenizatioﬁ was continued until the mixed soliution
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appeared homogeﬁeous; Each fish was  injected with
approximately @.25'0m30f solution at épprbximately 12.860 h.

Thé shade of colour was observed and given a “darkness
score', ranging from @ to fd, on the basis of intensity of
shade colour of transverse liﬁes on the body of fish. This .
observation was.made at 2 and 6 hours after injectidn énd
again immediatély before each injection. ¥ach gdroup was
exposed to either constant light or constant darkness.
Injection was repeated daiiy for 1€ days.

After 10 days of culture , the fish were killed, and

the body weight and gonad weight recorded.

‘RESULTS

After 7 days in constsnt light and/or constant
darkness, the shade of colour of fish in constant darkﬁess

was darker than that of fish in constant light. When fish
were handled prior to injection, they turned darker but the
colour returned to that prior tonhandling after replacement
rin the tanké. |

The shades of colour of control and treatment fish in
constant light and/or constant darkness at. 2, 6 and 24 hours
throughout 18 days are shown in Tables 7-3.

Frequency distributions of the darknéss Scores  are
shown in figures 24-35, There wWere no significant
differences in frequency of scores between 14.886 h, 18.80 h

and 12.88 h in fish under conditibn_ of e€ither constant
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light or constant dark. However, the pattern of darkness
scores of fishlin gﬁnstant light showed a paler colduratién
tﬁ&n that of fish in constant darkness at all- three times.
The difference was highly significant at 14.90 and 12.60 hr
(P<@.0@1 and P<@.025, x2> but did not aquite reach
significance at 16.886 hr (@.BS{P<B.1, Xz).

- Fish of the constant light group receiving pineﬁl
injection -were éignificantly darker than controls (P<@.81)
at all times after pineal injection, and the range of
darkness scores was wider (@ to +2 in control; +1 to +4 in
treatment).

Fish of the constant darkness group receiving pineal
injection, showed & slight tendency to increased darkness
but the frequency of darkness scorés was significant only at
B h?s after pineal injeciinn (P<#.@5). The reason for this
is presumably becaﬁse fish of thisz group were alresdy  dagk
(Fig. 24 and 34).

The resﬁlts of a test of signifibanoe of the diffefent

frequency. distributions of the darkness scores is shown ' in

Table 1.




Table 7 Darkness scores of control and treated fish in constant light and/or constant

darkness at 2 hours after daily injection throughout 18 days.

" CONST.
LT+P

+3
+4
+3
+3
+2
+2
+1
+1
+3
+2

CONST.
LT

+3
Y
+3
3
2
+2
+2
. +3
+3

+2

CONST. CONST.

L_T+P DK+R
+3 +2
+3 +2
+2 +1
+2 +2
+2 +2
+2 +2
+2 +2
+2 +2
+2 +2
+1 +2

CONST.
OK+R

+2
+2
+2
+2
+2
+2
+2
+
+2
+2

CONST. CONST. CONS
Ok+P DK+F DR+
+3 +3 +3
+3 +3 +3
2 +2 +2
+ +2 +2
+2 +2 +2
+3 +2 +2
+3 +2 +2
+2 +2 +2
+2 +2 +2
+2 +2 +2

7.

DAY CONST. CONST.
LT+R LT+R
i +1 +1
2 +2 +1
3 +2 +2
4 +1 +2
5 +1 +1
& +1 +]
7 +1 +1
a +1 +]
9 +1 +1
18 +1 +2
B —-=> +4

‘CONST. LT+R
CONST. LT+P
CONST. DK+R

CONST. OK+P.

Bowann

darkress
constant
constant

‘constant

conetant

scoarea

light + Ringer’s solution
light + macerated bovine pineal

darkness + Ringer’s solution

darkness + macerated hovine pineal

uzb_




Table B Darkness scores of control ard treated fish in gonstant light and/cr constant
‘darkness at 6 hours after daily injection throughout 16 days.

ORY CONST. COMST. COMST. CONST. CONST. CONST. CDNSf- CONST. - CONST. CONST.

LT+R LT+R LT+P LT+P LT+P OK+R DK+R Ok +P DK+P DK+P
1 +1 +1 +3 - +2 +2 v+l +] +2 +2 +2
2 +1 5] +4 +3 +3 +1 +2 +2 +2 © 3
3 +2 . +1] +3 +3 +2 +1 +2 +2 +2 +2
4 +1 +2 +3 +2 +2 +1 +2 +2 +2 +2
5 +1 +1 +1 +2 +2 +1 +2 Co+2 +2 +2
& +1 +1 +1 +2 +2 +2 +2° +2 +2 +2
7 +1 + 3 +1 +2 +2 +2 + 2 +2 +2 42
B +1 +1 +1 +2 +1 Co+2 +2 +2 +2 +2
9 +2 . +2 +3 +2 +2 +2 +2 +2- 2 +2
18 +1 +2 +2 +2 +1 +2 +2 + +2 +2

B ~=» +4 darkness score

COMST. LT+R
CONST. LT+P
CONST. DK+R
CONST. DK+P

constant light + Ringer’s solution
constant light + macerasted bovine pineal
constant darkness + Ringer’s solution
constant darkness + macerated bovine pineal

oo

-ep-



Table 9 Darkness scores of control and treated fish in constant light and/or. constant
darkness at 24 hours after daily injection throughout 18 days.

oY CONST. CONST. CONST. CONGT. CONST. CONST. - CONST. CONST. =~ COMST. CONST.

LT+R LT+R LT+pP LT+P LT+P Dk+R DK+R =~ [Ok+P Dk+pP DK+P
1 +1 +1 +4 +2 +3 2, 2 +3 +2 +2
2 +2 +1 +3 +2 +2 +1 +2 Co+2 +2 +2
3 +1 +2 +3 T2 +2 +1 +1 +2 +2 +2
4 +1 +2 +2 +2 +2 +1 +2 +2 +2 +2
5 +1 - o+] +1 +2 +2 +2 +2 +2 +2 +2
& +1 +1 +] +2 +1 +2 +2 + +2 +2
¥ +1 +1 +] +1 +1 +2 +2 +2 +2 +2
2] +1 +1 +2 +2 . +2 +2 +2 . +3 +2
9 +1 +1 +2 +3 +1 +1 +2 +2 +1 +2
18 +1 +2 +g +2 : +1 +2 +2 N +2 +2

B —-—> +4 darkness score

constant light + Ringer’s salution
constant light + macerated bovine pineal
constant darkness + Ringer’s solution
constant darkness + macerated bovine pineal

CONST. LT+R
CONST. LT+P
CONST. DK+R

. CONST. DK+P

[T IS B I

._vy.-



Table 18 The Chi-square test of diFFerences'oF’Frequencg distribution of the darkness

scores of fish. _ :

Hours after ~ uninjected const. LT = Pineal injection Pineal injection’
injection compared with uninjected in const. LT compared in canst. OK compared
" eontrol in const. DK with uninjected control with uninjected contral
2 hrs P<g.g81 . P<@.881 P>B.108
& hrs " P>E.B5 p<B.8a85 P<B.85
P>a.14

24 hrs P<B.925 _ ~ P<8.81

Gy
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FISH DAYS

0 +1 2 *3 t4
DARKNESS SCORE

D CONST. LT+ RINGER

Fig.24 The. frequency distribution of the darkness scores of
control group in constant light 2h dfter Ringer’s

solution injection.

0

¢ |

2 7

2 O
TS 2 f {/
‘ el + s 4,

DARKNESS SCORE
CONST. LT+ MBP

Fig.25 The frequency distribution of the darkness scores of

treatment group in constant light 2 h ofter MBP

injection.
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30

151

FISH DAYS

" s2  +3  +4
DARKNESS SCORE |

| CONST. DK+ RINGER

Fig. 26 The frequency distribution of the darkness scores of

control group'in constant darkness 2 h after Ringer’s

solution injection.

30

15

FISH DAYS

0 +1 ) +3. +4
DARKNESS SCORE

K const. ok + MBP

Fig.27 The frequency distribution of the darkness scores of
treatment group in constant darkness 2 h after MBP

injection .
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157

FISH DAYS

0 +1 r2 +3 Ty A
DARKNESS SCORE

CONST.LT + RINGER

Fig. 28 The frequency distribution of the darkness scores of
control group in constant light 6 h after Ringer’s

solution injection.

307
2:;15- 7/
| mlwm
I s S T

DARKNESS SCORE
= .
2] CONST. LT+ MBP

Fig.29 The frequency distribution of the darkness scores of

treatment group in constant light 6 h after MBP

injecti'on
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30

FISH DAYS

0 +1 *2 3
'DARKNESS SCORE

CONST. DK+ RINGER

Fig.30 The frequency distribution of the darkness scores of
control group in constant darkness 6h after Ringer’s

solution injection.

30

FISH DAYS
&

[ravaararal
0 1 +2 +3 +4
DARKNESS SCORE

@ CONST. DK+ MBP

-

Fig.31 Thé frequency distribution of the darkness scores of

treatment group in constant darkness 6 h after MBP

injection.
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FISH DAYS

FISH DAYS
o
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30

151

0 +1 +2 +3 +4
DARKNESS SCORE

CONST. LT + RINGER

The frequency distribution of the darkness scores of
control group in constant light 24 h after Ringer’s

solution injection.

30

T %

| N A VA e
0 Y £2 +3 +4

: DARKNESS SCORE -

2] CONST. LT+ MBP

Fig.33 The frequency distribution of the darkness scores of

- treatment group in constant light 24 h after MBP

injection.
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30

FISH DAYS
o

0 +1 *2 +3 4
DARKNESS SCORE

CONST. DK + RINGER

Fig. 34 The frequency distribution of the darkness scores of
control group in constant darkness 24 h ofter Ringer's

solution in}ect'ion .

01—

15t

FISH DAYS

0 v ot ] XN
0 +1 +2 +3 +4
DARKNESS SCORE

CONST. DK + MBP

Fig.35 The frequency distribution of. the darkness scores of
treatment group in constant darkness 24 h after MBP

injection.




52

EVALUATION

At the beginning of the experiment, before injection,
fish in constant darkness wefe darker than in those constant
light. Howe#er,‘in general, most fish and amphibians studied
on Lb cycle tend to be dark coloured during the day and pale
by night and, in constant conditions, the colour chénges
-persist with periods of approximately 24 hr, i.e., Xenopus
tadpoles (Bagnara and Hadley, 1978) and lampreys (Young,
1935; Joss, 1973) etc. |

In §. piloticus s darkening of the skin followed pineal
injection, which was readily apparent in fish which were
initislly pale ds a result of being kept in constant light.
This contrasts with-results feportéd for Xenopus laevis
tadpoles aqd Lampetra amuocoetes tha£ bovine pineal extfaot
(presumably -containing wmelatonin) giioited s blanching of
skin of these animals (Young, 1935; Lerner et al, 1958;
Bagnara and Hadley, 1978; Joss, 1873).

These observations suggesﬁ that the pineal substances
controlling pigmentation have an opposite effect in
S.niloticus from that in these other animals (tadpoles,
lamprey etc, ).

However, this opposite effect on dermal melanophore
combined with the opposite natural colour change in light
and/or darkpess suggests that the pattern of secretion of
the pineal melanophore controlling substances (mélatonin) is

similar in S. niloticus to that in lampreys and tadpoles,
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i.e. sebreted during the dark phase and inhibited during the

light phase.




CHAPTER 4

EFFECT OF PHOTOPERIOD AND PINEALECTOMY IN OVARIAN

DEVELOPHENT OF S. niloticus

The reproductive cycles of many temperate zone figh are
regulated or syohroniééd by seasonally changing daylength
(de Vlaming, 1974 lit. cit. de Vlaming and Vodicnig , 1878).
At present it is not known whether the effects of
photoperiod on teleostean reproduction are mediatea via
retinal pathways and/or by extraretinal receptors. In
teleost fish, the photorecepﬁive function of the pineal has
been emphasized on the basis of neuroph&siological studies
(Dodt, 1963; Morita. 190€ lit. cit. Urasaki, 1872) and
electron microscopical observations (Herwing, 1963 liiL. cit
de Vlaming and Vodicnik, 1878). Therefore; the pineal organ
could potentially be involved in mediating the effect of
photeperiod on reproduétion in teleosts. Furthermore, the
pineal organ itself may slso function as an endocrihe gland
{Hafeez, 1871). |

Many investigators have indicated that pineal-gonadsl
relationship in teleosts may be manifest in many wWays
including a progonadal, an antigonadal or no effect of the
pineal, deéénding upon fhe phase of fhe reproductive cycle,
or on the thermal and photoperiodic conditions (Fenwick,

1978 and Hontela, 1878).
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Selection of S. niigLigus in a particular phase of its
reproduction would seem ﬁg present a problem since c¢ycles
are not related to season and are asynchronous within a
_population. The initial ovarian maturation, however; seems
to occur between sbout 7g and 206 g body weight.

In investigating the control of ovarian maturation in
S. niloticus, the following possible roles of the pineal
have been considered :- -

- The ovary itgelf is either responsive or
nonresponsive to pineal stimulation. If it is respongive,
the ovary could either respond positively (i.e. -develop) or
negatively {(i.e. remain undévelop). If this is the case, at
the time of ovarian maturation the ovaryr must either be
stimulated positively or an inhibitory response must be
removed. Alternatively, the ovary could be nonresponsive to
the pinesl secretioﬁs.

- As for the pineal itself, - during the period df
ovarian maturation, it «could be either secretory or non;
secretory.

- Even on the assumption of a role of the pineal. in
regulating ovarian maturation the dependency (obligatory or
not) of the ovary.on the pineal aciivity is uneertain.

On the basis of these considerations, three
hypothetical mechanisms have been considered which might
operate during initial ovarian:maturation.

A. Initial ovarian maturation is stimulated by the

gsecretory activity of the pineal,
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B. Ovarian maturation is allowed by the removal the
effect of a pineal substance which 1is at other times
inhibitory. '

C. Pineal secretion is not involved ‘and ovarian
“maturation occurs as a result of other fadtors.

On the basis of hypothesis A, removal of the pineal
throughout this period would be expected to delay or inhibit
ovarian maturation, Pineslectomy of yoﬁng, preovarian-
maturation fish would then be expected tco produce fish with
less - mature ovaries of those of control groups, If this
does not occur,‘ hypothesis A can be declared false.
Hypothesis A receives‘séme support from studies on medaka,
Orvzias latipes; in which pinealectomy during the period of
February to May decreased GSI (Urasaki, 18972 c¢). In the
following experiment, the effebt on ovarian_maturation of
pinealectomy performed on small pre-ovarian initial
development 8. niloticus was investigated under both 1long

photoperiod regimes (L:D = 18h:6h) and constant darkness.
PROCEDURES

FISH :- |
Fish (11.83 + #.89 g body weight) were obtained from
a semi-natural pond at Tung Lung, Songkhla province. They
were kept in dechlorinated water for 7 days in a stock
aqﬁérium to allow recovery from the effects of transport.

As far as possible, females were selected and kept in 20-
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litre tfanks ﬁnder 8 photoperiod of either 18 hours of light
alternating with B'hours:of darknéss or of constant dérkness
and £he range of daytime temperature was 26-28 C. - All fish
were fed daily with Hen’'s food (16 % protein; Sentago,

~ Bangkok, Thailand).
OPERATIVE PROCEDURES : -

GENERAL
Fish were anaésthetized in quinaldine (2.83 ml of
Quinaldine + ©.63 ml acetone + distilled water up to 1 dm3
(Hoar and Randall, 197@))'until incapable of a righting
reaction. The dorsal aspect of the head was illuminated
with a bright microscope iamp that could be removed to

pfévent undue heating of the fish. Some fish were left as

nntreated controls.
PINEALECTONY AND'SHAH—PINEALECTOHY

Ansesthetized fish were wrapped in a wet cloth and the
position of the pineal complex roughly determined. A skull
puncture was then made with a syringe needle number 17,
which was then withdrawn. ‘A glass micropipette was inserted
in the @aperture and the pineal gland and surrounding fat
tissue then detached by gentle suction applied through this
glass micropipette. Tissues from the suction pipette was

examined on a microscope slide by staining with methylene
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blue to confirm removal of pineal and its stalk under light
microscope. After. pineal ablation the wound was covered
with silicone grease to reduce leakage ol water into the
skull cavity. Sham—oéerated controls were treated 1in a
similar manner except that thé pineal complex was not sucked
out. 7

After +the operation was completed the fish weré held
under either light:dark cycle (18h:B8h) or constant darkness -
for 2 weeks. Affer this period all fish were saorificed.

Body_yeight and gonad wWeight were recorded.

RESULTS

The distribution of log body weight wifh log gonad
weight of each experimental group of both photoperind
regimes is shown in Fig. 38 and 37; The range_of log G&I
value and mean log GSI of ovaries in different groups of
each photoperiod condition are shown in Table 11, 12. Theée'
resultis inaicate that gonadal development of fish occured in
both experimental groups and control g;oups. Thus, the
piﬁealectomy was not inhibitory to development of fish 1in
terms of either somatic growth or gonadal develoément.

The distribution of ovarian deveiopment categories as
indicated ?y log GSI values among experimental groups showed
no significant difference from controls in either light:dark
cyecle (18h:B6h, 95835, Table 13) or in constant darkness

(P>@.05, Table 14). One-way analysis of variance of log GS5I
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failed to show any significant difference between control

and treatment groups in‘éither condition (P>@.25, Table 15,

16).
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Table 11 The range of leg GSI value and mean log GSI of
ovaries im initial contrel, intact contrel, sham-
pinealectomized and pinealectomized groups in
light:dark (18h:6h) condition.

e e it o T e o Y o e e o e o e B e At B M S Y BT TP A A e o ke o b i o B A R i S £ et M e S L Pt A e e e e e

Experimental groups - range of log G5] mean log B51
value {min., ~ max.) T+ 5.E.
1. Initial control 8.311 ~ 1.323 ~ 1.833 ¢+ 8.116
2. Intact control B.765 ~ 1.928 - d.684 + 6.892
3. Sham—pinsalectomized 1.879 - 2.6836 -~ 8.439 + 8.865
4, Pinealectomized 8.569 - 2.8%8 ~ 8.443 + B8.699

Table 12 The range of log GSI value and mean log G51 of
ovaries in initial control, intact control, sham-
pinealectomized and pinealectomized groups in
constant darkness conditian.

rangs of log GSI mean log BGS5I

Experimental grfoups

’ value (min. — max. Y + S5.E.
1. Initial control 1.133 - 2.356 - B.429 & A.382
2. Intact control 1.445 - 2.704 A.823 + d.168
3. Sham-pinealectomized 1.183 - 2.599 - 8.295 £ B.145
4. Pinealectomized 1.236 - 2.688 - 8.838 + B8.126
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Table 13 Distribution of ovarian'deveiopment categories to log 65
value in Fish of each experimental groups in light:idark {18h:
6 h) condition.

_._...___...-_.-..—.-....__._._._...._._.___-.—......-—__.._-.-._......._...._.__.....-._.__._......._____-.._..m..._.._._.._._.._..__..._..-.......

Number of animalsl : i

ovarian developmant o . :

" pategories e 1 Total
{log BSI value) i Intact tSham—pineaiectnmizediPinealectomizad:
icontrol) : H ‘ '
——————————————————— e e e e e e e o it i e
1. ~1.5 te < -1.8 ¢+ 3 ! B - : 1 P4
) HEN 4~ M I ar ; H
2. -1.8 to < -B8.5 & 4 ' 4 {14
P48y (36.773 H ; '
3. ~B.5te < B N - : 8 i B8 V22
io4a ) 61.54> i ;
4, 8 to< B85 1 8 -1 ! 1 T2
HE 4% (7.69 H '
——————————————————— e s e s e e e e
Total 118 13 : 14 HI ¥

P>@.85 : Chi-square Test

[

Table 14 Distribution of ovarian devalopment categories to log G651
valug in fish of each experimental groups in constant
‘darkness condition. :

€ .

ovarian development

categories b e e i iTotal
(log GSI valued tIntact !Sham-pinealectomizediPinealectomized:

: icantrol) : :
——————————————————— e e e e i o e e e
1. -1.5 te < -1.8 | 4 I 6 ' 2 ; 12

. 1128.57) 1 (58> H (14.29) H
2. ~1.8 to < ~8.5 | 4 | 3 ; B 113
1428.57) 1 (253 H (42.86) Vo
3. -8.5 to < B - 2 : 4 {6
PooB i (16.67> ' (28.57> H
4, 8 to< B85 | & | 1 : 2 P9
1(42.86)) (8.33> : {14.29 :
——————————————————— e e e e e g e e 4 e s
Total Vo140 12 H 14 i 40

P>0.85 : Chi-square Test

L]
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" Jable 15 The analysis of variance of log G5I in fish oF‘egch
experimental group in light:dark (1Bh:6hy condition.

- u—n____um__~__u_-__~____"___Hum____uum____*_,_—_&u

soV df S5 M5
Total \ 41 4.4389
- between groups 2 g.2565 - 9.1283
" within groups .39 - 4.1824 a.1a72 . .

e e e e Ak e e e o e o AR T o S e et 1 T R o e S B

Fo= 1.1964"° ' :
= not significantly different (P > .28

Table 16 The analysis of variance of log BSI in fish of each
experimental group in constant darkness condition.

sav df 55 M5
Total | 39 12.6864
between groups 2 B.6826 8.3413
within groups 37 12.8038 8.3244

F = 1.8521"°
= not significantly different (P > B8.23)
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EVALUATION

Pinealectomy combined with exposure either to 18h:6h
(light:dark) Qyole or to constant darkness had no
statistically significant effect oﬁ ovarian activity (log
GSI) throughout the periéd ‘éf normal Ainitial ovarian
maturation in 5.. niighignﬁ. These data agreé with those of
de Vlaming and Vodicﬁik (1878) who -suggested that
pinealectomy had no effect on ovarian develoﬁment in
goldfish from July through Decgmber. Other investigators
(Sohonherr, 1955; Rasquin, 1958; Pang, 1967 lit. cit. de
Viaming et al, 1974) have suggested that pinealectomy has
little influence on gonadal aotivipy in feleost fish, but
ﬁost of these investigators faile§ to mehtion photoperiod
conditions or the time of year when the expmriments ﬁere
conducted.

Interpretationlof the present.resﬁlts should be guarded
since the operation technique for pinealéctomy could not
- ensure cdmplete pineal removal. 'Furtherhore, .Pang (19867,
1it  ¢cit Fenwick, 1978 a) ﬁouna-a difference in.the‘ degree
that pineaiectomy affected growth rate and gonad size when
pinealeotomy was performed during the initial phase of
growth and se#ual maturation as opposed to fish tﬁat _wWere
pinéalectomizedv during the heighto of growth and
reproduction. This indicates that the functians of the
pineal in fisﬁ may vary at different times of the

reproductive cycle, and/or in animals of different ages.
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Thus, the need_td carefully select the phase of reproductive
cycle that the animals are iﬁ at tﬁe beginning of the
Vexperimenﬁ when testing the effect of pinealecﬁomy on the
reproductive system of fish is emphasized.

The fesults of pinealeptomy in this chapter indicate
that hypothesis A is false since ovarian maturation
'océurred in pinesalectonized, shamwpinealectoﬁized and

control groups.




CHAPTER 5

RE-EXAMINATION OF PINEAL ROLE IN §. niloticus OVARIAN

DEVELOPMENT

.Df fhe thrge hypothesis presented in Chapter 4, 2
hypofheses remain‘to be considered :- |

Hypothesis B. Ovariasn maturation is-pfevented by the
removal the effect of a pineal substance which is, at other
times, inhibitory.

Hypothesis C. Pineal secretions are not involved.and
ovarian.maturatioh occﬁfs‘as a result of other factors}

In the case of B, the removal of an inhibitory effect’
could be effected either cen£rally or peripherally i.e. the
pineal could ceaser to secrete the inhibitory subétance
(hypothesis B1) or ovarian receptors could disappear at a.
-ceft#in time and thereby allow ovar?an maturation to proceed
(Hypothesis BZ).

The administration of. appropriate macera£ed pineal
during the period of ovarian maturafion would be expedted to
have different effects in the two cases. The case of B1,
ovarian development would bé inhibited. In the case of B2,
no effect_ﬁoﬁld be expected. Ideally, the administration of
Fish maceratgd pineal would be performed. However, fish
_ bineals are small and_diffioult to dissect. The bovine

pineal was used in this experiment since it is several times




-B8-

larger, can be dissected relatively easily, and has been
shown to have an effect both on coloﬁr change {(Bagnara and
"Hadley, 197@; Joss, 1873; in Chapter 3 of this thesis) and
on gonadal developmenﬁ under certaln conditions (Krockert,
1863. 1it. cit. de Vlaming et-al, 18974).

In the experiment which £follows, macerated bovine
pineals were.administered to S.. niloticus under constant
light‘ and under natural photoperiod conditions. Were &
positive response (i.e. inhibition of ovarian maturation in
fish receiving macerated ﬁineal) to éccur, this wounld lend
support to hypothesis B1l. However, if a positive responses
were -not.to oceur then no information would be provided as
- to the truﬁh of falsity of hypothesis'Bl, or of hypotheses
BZ and C. |

This experiment was directly related to the -initial
ideas surrounding the concept of this investigafion i.e.
that the reproduction Qflﬁ. nilg;iggs_ﬁight be controllable
in rearing ponds, by manipulatidn of pinéal status, possibly
by_ feeding pineal tissue which would exert an antigonadal
effect. Antigonadal activityldf pineal or melatonin has
been shown already in other teleosts. Melatonin injection
of goldfish, C. sauraius, ‘performed and held under long
photoperiéd (18:8 hrs light-dark cycle) du?ing the spring
waé shown to inhibit the increase in gonad size (Fenwick,
1988).“ Secondary sexual characteristic of guppigs, Lebistes
Lﬁtigulﬁhuﬁ, ‘were delayed when fed dessicated bull pineals

(Krockert,r 1883 1it., ecit. de Vlaming et. al., 1974), and
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melatonin administration inhibited oocyte develupment und
altered pituitary gonadotroph cytolegy in madaka, 0.
latipes, exposed to a LD 14:18, 26 C regime during Waroh

(Urasaks, 1877).
PROCEDURES

Fish (13.42 + ©#.65 g body weight) from stock culture
similar to fish in Chapter 4 were used.  As fa: as poussible,
24% females were selected and divided egqually intp two
groups : one wWas illuminaped continucusly in tanks
(contained B0 litres of water and daytime temperature about
28.C), the other was ctransfered to “natural” condition in
floating cages (width 1 m x length 1 m x height 2 n) in 8 4@
m x 48 m pond at tha Department. of Agquatic Sciences, Facult;
of Natural Resources Prince of Songkla University.

Each group was divided into 8 sﬁbgroups and these
allocated to one of four treatments : uninjected control,

control injected with Ringer solution alone, injected with

low concentration of macerated bovine pineal (7.5

mg/injection) and injected with high concentration of

macerated bovine pineal (3®'mg/injection)t Faclh fish was
3

injected every other day with a volume of ©.1 cm

A%l"fish were fed daily (5 % of initial-body weight)
with Hen's food (16 % protein; Sentago, Bangkok, Thailand)
and heid under thése conditions for a minimum of 7 days

before any injection was hegun. The. fish from each of the
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tanks and cages were then subjected Lo the appropriate
treatment. The treatments lasted 21 days.

Following completion of the injections, 8ll fish were

killed. Body weight and gonad weight were tvecorded and
ovaries fixed in Bouin’'s fixative for histological
examination, The various cytological stages of oogenesis

were determined in the saﬁe way as described in Chapter 2.
The volume fraction and mean volume of tertiary_yolk and
maturatuion oocytes of each ovary of nninjected control,
injected control and high dose pineal extract fish were then
estimated.

The estimation of velume fraction was done by sampling
tbhree sections from slides of each ovary. Each section ﬁas
.diVidea by micrometer into five transverse lines on the
section plane, and the total lsngth of each line was
recorded. The distances along the line which overlappsed
tertiary-yolk or ﬁaturation cocytes were measured. The
overlap value of tertiary-yolk and maturation nocytes
divided by total length was taken as the volume fraction of
tertiary-yolk or maturaﬁion coocytes in the ovary. Three
sections of each ovary were sampled so that a mean valne of
volume fraction cf'tertiaryuyolk or maturation obcytes of
each sample couid be estimated.

The method used to calculate the value of mean volume
of tertiary-yolk and maturation ococytes of each sample
assumed that oocytes were approximately spherical in shape.

Three ooecytes (tertiary-yolk or maturation stage) were
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‘chosen from sach sample and the section in which the largest
diameter of each cocyte occurred was selected to neasured
one diameter of the ooccyte snd the process repeated to
measure in the largest diameter at right ang}e to the first.
A mean radius "r” was calculated and the volume estimated by

3
4/31 r

RESULTS :-

The distributions of 1log body weight with 1log gbnad
weight of each experimental grﬁnp of both conditions are
shown in Fig. 38 and 39. The range of ovarian weight in
different " groups of each phntoperind condition are shoun in
Table 17, 18. |

The distribution of ovarian development categories as
ihdicated by lug G5 smong cyperimental groups showeé no
significant differences in constant light in tanks (P>8.295,
Tahle 19) but highly significant differences in natural
condition in cages (P<@.881, Table 28). One-way analysis of
vafiance of log GSI failed to show any signifiednt
differences between experimental groups in congtant lightlin
tanks (P>%.25, Table 2;) but highly significanf differences
between uninjected contrel and all others in ‘nafural
condition in cages (P<@.0095, Table 22). The Neuwman-Keuls
hultiple range test applied to reveal the differences of
mean log GSI of each experimental group in natural condition

in Gcages showed that the wmean log GS1 of uninjected control




was signifioantly_lowér than all injected groups [Pl ‘vs. C
~ and CR vs. C (P<@.081); PH vs. C (P<@.095), Table 23].

| Histological examination of developmental stages . of
those ovaries of fish kept under constant light in tanks
(aninjected - control, injected control and high dose
macerated pineal injection) revealed the'oocyte_composition
presented .in Table A2 (Appendixﬁ.‘ Hore than one
developmental sfage was preseﬁt- in most ovaries. The
combination of developmentaIIStages of the ovaries were not
obviously different among ‘uninjected.IGOntrol, injected
control and high dose macersated pPineal injection. However,
microscopic observation showed a tendency.té increased size
of tertiary-yolk coeytes and maturation oocytes in tha
pineal-injected group'QOMpared w%th that of uninjected and
injected controls (Fig,léﬁ a, b, c).

The mean voiumé fraétions and méan volumes of tertiary-
yolk or maturation cocytes ofyunihjeoted control, _injected
control and high dose injection in constant light in tanks
are shown in Table 24. One~way analysis of variance and the
.NewmanuKeuls multiple range test showed significant
increases (P<B.®5)'in mean volume of ooccytes in uninjected
control,_ injected contol and high dose injection,
respectively (Table 25, 26). The same test showed that
gqnad weights wete significantly greater (P<B.025) in high
dosé ihjection Egroup than in eithery uninjected or injécted
control groups- while the tw§ control gréups were not

significantly different (Table 27, 28).
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Table 17 The range of log GSI value (X and mean log GSI of
initial control, wun

ovaries in
injected

macerated bovine

control,

light *in tanks.

low
pineal

dose
injection under

injected

control, .
and high dose
constant

Initial control

‘Uninjected control

Injected contirol
l.ow dase injection
High dose injection

value (min. — max.)
8.642 1.957
8.342 ~ 2.749
8,761 2.765
1.894 2.868
1.398

- B.469 *
g8.268 +
8.282

$B.288 *
A.446 +

.

The range of log GSI wvalue (%) and mean log G5 of

ovaries im  imitial control, wuninjected control,
injected control, low dose and high dose
macerated bovine pineal injection under natural
photoperiod in cages. '
Experimemtal groups range of log GSI mean log GSI
' ) value {min. - max.) + S.E.
Initial control g.848 - 2.128 - B.754 & B.677
Uninjected control 8.496 - 1.938 - B.B74 + B.881
Injected control 8.791 - 2.778 - B.292 + B8.113
Low dose injéction 1.823 - 2.7689 -~ B.232 ¢ B8.127
- B.357 + A.186

High dose injection
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Table 19 Oistribuktion of ovarian development categories teo log 651
value in fish under canstant light in tanks.

ovarisn developmenti

cateqories . e T e e e 1 Total
(lag GSI value) i\ uninjected linjected.!low dose ihigh dose |
1 contral icontrol Jinjectioniinjection
——————————————————— e L
1. ~1.5 te < -1.8 | 8 : 1 : a ! a8 S
o (@ i (4.350 8 : :
2. -1.8 to < -B.5 | 1 R | : 1 l i P4
‘ 1 (4.76) v (4.350 (4> Poo(4.35
3. 8.5 to < 8 : 2 g 1 : & :' 2 Pl
_ P (9.8 v (4.35> | 24 P (13,840 1
4. B to < 8.5 1 12 : 112 S 8 i 5 1 35
H (67.14> | (43.48>1 (32 b 21,740
5. 8.5 to< 1.8 | 6 : 18 18 ] 14 ¢ 48
; (28.57) 1 (43.48), (48D i (A 87)
—————————————————— e T et e
Total ' 21 | 23 ¢ 25 23 P92
' (168> : (1ee> | (1@@y | (ledl i
P >B.25 Chi-square Test

" Table 26 Mistribution of ovarian development caﬁegbries te leg G51
value in fish under natural photoperieod in cages. .

ovarian development:

categories o e e s e e P e e e e i Total
{log BSI wvalue) i uninjected linjected (low dose thigh dose |
i control icontrol  linjection!injection |
—————————————————— o e e e o e
1. -1.5 too < -1.8 ! 18 ' 2 g g’ g ! i 13
i (45.45> 1 (9.89) | (e’ v (8.26y
2. -1.8 to < -B8.5 | a . 3 7 i 18 H & {32
: (48.913 1 (31.82%1 <(45.45>7 (31.58) |
3. -B.5to < 8 ' 3 : 5 H 3 : 8 1 13
‘ ' : (13.64) | (22.73>1 Cl13.64)1 (42,11 |
4. 8 to< B.5 ¢ - B8 d 6 ' B : 4 ' 16
oo (83 V(272700 (2F.27yi {21.85) i -
5. B.5 ta< 1.8 | 8 g 2 ; 3 ' g i 5
‘ ! a8 To(9.89 1 {13.64) (8 i
—————————————————— e e e e i e it e
Total i 22 H 22 1+ 22 i 18 i B85
i (1aa? H (188> | (1gad (186> '
P> 8,841 Chi-square Test
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Table 21 The analysis of variance of log 651 in uninjectedr
control, injected control, low dose injection and
high dose injection under constant light in tarks.

say df 55 M5
Total 31 17.1573
between groups 3 8.4818 a.1683
within groups .Ba 16.6763 8.1895

F = @8.8459"
= not significantly different (P> B8.28) -

Table 22 The analysis of variance of log GSI in uninjected
o control, injected control, low dose injection and
high dose injection under natural photoperiod in

cages.
Y df 55 MS
Total : 84 25.8783
between groups . 3 5.7B19 1.944d6
within groups 81 28.1764 g.2491
. vy
F 7.6299

#%. = significantly different (F < B.8885)
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Table 23 The Neuwman-Keuls multiple range test applied to the data of
mean log BSI of each experimental group under natural
photoperiod in cages.

Comparison ! differrgnce i OS.E oq 19, 81,p ¢ Conclusion
(B vs. B | (Xp~— Ka> i R d

PL vs. C 1 B.6412 ' Q.1B64 | 6.8263 4 §5.6538 1 P < 8.601
PL vs. PH 8. 1242 ' 9.1185 1 1.1248 1 3.39%8 P > B8.45
PL vs. CR i . B.8598 1 p.1@64 | 0.5545 | 2.8298 P > 8.85
CRvs. C | 8.3822 ' 9.1864 | 5.4718 | 5.3636 | P < B.6dl
CR vs. PH | B.8602 © @.1185 | ©.59681 | 2.8298 | P > 0.85
PH vs. C 1 8.5178 ! B.1185 | 4.6787 § 4.1228 | P < B.665

- ....._._.-..._.._....._._._-..._._____...-.__.._._H_..__n__m,‘_,*__d.,._._._._._._..H_...._..__........._.__....__.._.__..___h_.‘.... —_

The significance level
The total number of means being tested
overall conclusion : W, ¥u = = U
T uninjected control ¢ PE lou dose injection
CR = injected control’ ' PH = high dose injection

1]

T R
1]

I




Table 24

-

Value of mean changes in volume fraction, wvolume of .cell (tertiary- yolk
and/or maturation cocytes), weight estimated volume of owary, mean number
of - cell per unit volume of ovary and total rnumber of cell of uninjectad
control, injected control and high dose injection groups under 1light

in tanks.
: Experimental groups
! uninjected control | injectea control | high dose injectfdn'
; S S R
UF + S.E. i B.687 + B.648 g 6.724 + 8.898 B8.694 + B.841
—————— —_— o e e e e e e e e s e e e s
Y+ S.E. (am3D ' 8.3686 x 8.848 - | g8.661 + 8.898 8.995 + 8.138
= —— s S S R
Vet SiE. (mm3) P S547.139 £ 89.668 | 631.842 : 184.516! 925.888 x 71.258
NasUo# S_E.C=UFAY | 2.856 + B.451 © 1.392 + @.285 | ©.836 + P.A%
(cell/mm3) ' ‘ : . o
= — + e i s s et B o e o e s e e
N £ S.E ((UFA =YD 1 1438.731 £ 246.212 | B8B89.888 » 174,874 717.458 x 79.847
(cellsunit wol.) : : . ! '
o + R ot e i i et e et e s e e e e e e o o e e
UF = mean volume fraction
[ = mean volume of cell
Go = mean weight estimated volume of ovary
NA/GO = mean number of cell per unit volume of ovary
N = total number of cell

cell

i}

tertiary-yolk cocytes and/or maturation oocytes

_LL...




Table 25 The analysis of variance of wvolume of oocytes
(tertiary-yolk anhd/or maturation stage) of samples
in each contral, intact control and high dose
macerated bovine pineal injesction groups under .

. canstant light in tanks. . -

Sy df 55 MS
Total . 48 8.8891
" between groups 2 3.47688 1.7354
within groups 38 5.4183 B. 1426
' s
F o= 12,1697 .
#% = significantly different (P < 8.8%2

Table 26 The Newman—Keuls multiple range test applied to the
' data of mean wvolume of ococytes of each experimental
group under canstant light in tanks.

Comparison | differrgnce | 5.E ioq = 5 iConclusion
(B wvs. ) | (Xg- o> ! A S SR L
PH vs. C H 8. 6952 ! B.1288 15.79331 D.6386  uey ¥ A,
g : v i : ! P < B.881
PH vs. CR | B.3335 { 8.1828 (3.2696: 2.0884 ixu?ﬁri Men,
A ! ! o ' P < B.B5
CR ws. C 8.3617 18,1878 13.38837 2.88808 | uep ¥ Mg
: ! ;- ! P> B85
o = The sigﬁificanca level
p = The total number of means being tested

overall econclusion : a1, + 4. F Uy,
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Tabhle 27 The analysis of wvariance of gonad weight in mg
. (weight estimated wvolume of ovaries in each
uninjected control, injected control and high dose
macerated bovine pineal injection groups under

constant light in tanks. '

e e e e s e o e e e o it o B A B B R T R P i T e T B T T P S T T e T YD T 7 e A i (et i e e o St iy 1 1 e e g e

soy df SS HS
' Total ' 48 5155871.1 - |
betuwean groups 2 . 1155871 B?7935.5
within groups 3B 48900088. 1 185263. 16
, e
F 5. 4984 * '

*# = significantly different (P < 8.8

Table 28 The Newman-Keuls multiple range test applied to the
data of mean gonad weights in mg {(weight estimated
volume of ovaries) of each experimental group under
constant light in tanks.

Comparison | differrence: S.E. g q lqd.as o i

(B vs. A | (Xg - Xa) | ! R LCALEN

PH vs. C | 378.7567 1B5.6625 14.4252 13.9198 | ey ¥ g '
' ' ' ' ‘ ! P < B.825

PH vs. CR | 294.8458  !B7.6896 |3.3573 !3.3378 | uen ¥ e
o - ' o : ' P o< B.825

CR vs. C | B4.7189 191.8398 [8.9227 12.8088 | u o+ A

A = The significance level :
pp = The total number of means being tested
~overall conclusion : A ¥ u R 4oy
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Table 29 The analysis of variance of estimated total numbers
of oocytes (tertiary-yolk or maturation stage) in
each uninjeted control, injected control and high
dose macerated boulne pineal injestion groups undei
constant light in tanks.

S04 df 55 MS
Total 40 15119421 '
between qroups 2 4126312 2863156
within groups - 38 14993189 394555.5
¥
F 5.2291

#% = significantly different (P < B.825)

Table 38 The Newman-Keuls multiple range test applied to the
data of wmean tobtal numbers -  of ooccytes . of each
experimental group under constant light in tanks.

Comparison | differrgncel S.E. | g :qq 35 p:CohclusiDn
(B ws, By 1 (Xp= %a) | g P
Cws. PH 1 713,2088 1165.8465 14.38088 | 3.91%4: u # Moy
b ! ! : i P < 8.825
Cwvs. CR | 630.6508  1177.680668 13.5463 | 3.33781 n,  # Mg
: ' i : i P < B.825
CR vs. PH | B2.6348 1169.6163 18.4872 - | 2.8888',UCR: A ey
b g ‘ : v P> B8.685
. = The signhificance level
p = The total number of means being tested

coverall conclusion @ o . F ug = A oy
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Fig. 48 The comparison of the size of tertiary-volk oocytes'
and maturation oocyteé‘in the pineél—injected Eroup
compared with that of uninjected and injected

control groups.

a. . uninjected ~control; EP = Early-perinucleolus

stage; LP =‘Late—perinucleolus‘stage, TH = Yolk

nucleus; 3 -Y =-Tertiafy—§olk stage,
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injected control; LP = Late-perinvcleolus
stage, YN = Yolk nucleus, OD = Oiiwdrop stagé,

3.~Y = Tertiary—yolk stage; MAT = Maturation

stage, EN = Eccentric nucleus.
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c. HBP~injected group; 0D = Oil-drop stage, MAT =

Matufation'stage
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Fig. 41 The comparison of the size of yolk platelets in
the pineal-injected group cbmpafed'with that of

"uninjected and injected control groups.

a. uninjected control; YP = Yolk platelets.
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b. injected control; 'YP = Yolk platelets.
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YP = Yolk platelets.

MBP-injected group;

C.
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EVALUATION

After 21 days of pineal administration, no reduction in
ovarian maturation inrthe macerated bovine pineal injection.
group oécurred in §. niloticus; and so this result ' cannot
contribgte towaras an evaluation of hypotheses B1l, B2 or C.

'HoWeVer,. histplogical_lexaminatioﬁ of.ov&?ies of fish
kept under cOnétant_light in tanks revealed somé differences
among uninjected contrdl,_ indected_control and high dose
_maberated pineal injection groups. In particular, the meaﬁ
#oiuhe_ -of  teétiary—yolk or maturation bocytes was
significantly ' greater in  the high. dose maoeratéd bovine
pineélvinjection group'(PH) than-ip either injected .control
{CR) or uninjécted control (C}.groups, but also the mean
volume of. tertiary-yolk or maturation ococytes of injected
controls wés'greater,than that of uninjectedvcéntrols. - By .
‘contrast, the mean volume fractiOn_of all groups (C, CR, PH)
w&s ﬁearly_equal.

Fdr any ovary, the volume frabtion (VF), of oocytes of
tertiary—yolk or maturaion stage can be considéred,as given
by the foliowingrequation‘:— | -

VF = N x V/V ,
. - ' )
where’ 'V is the mean cell volune,

‘N ; the toatl number of cells in the ovary,

and VA ; the .,volume of the ovary.
@ : o _
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Thus the value VF/V gives the number of oocytes of
tertiary—yblk or matﬁration stage per unit ovarian volﬁme,
and (VF/V)'X ¥V , the eétimated total number of 000y£es- of
-tertiary-yolk'gr maturation stage inrthe ovary. - .

In the present expefiment, ovarian volume was esfimated
from 6vérian fresh-weight assuming a constant density of 1
gcﬁ_?. ,This' means of eStimation was considered preferable
to calculations of volume made on the basis of length'Aand
greatest width of the ovaries, since ovarian sﬁapé WaS ?ery
variable smong all groups.

Calphlations bésed on the- values of VF and V in
uninjected controls, injected controls and high dose
_mhceréted‘ bovine pineal injection-grbups.revéaled tha£ thé
mean number of tertiary;yblk or'maturation oocytes per unit
ovarian volumé was progressively iéss in uninjected obnt:ol,
injectedi éonﬁrol " and high d0se hacefated bovine pineal
injection groups, respectively.’ Estimatedvtotal number of
tertiary-yolk or maturation cocytes pér- ovary, showed a

1arge' deéreaser(P<B.325) in injected controls compared with
uninjected controls, but no significant drop in the -high
dose. macerated bovine pinéal injeétion group éompa¥ed with
~the injccted control group (Table 28,.- 38). Thus the
ﬁnjeétion of Ringer’'s solﬁtion was.associated with 'biéger
but fewer tertiary-yolk or maturation ooeytes while the
injection of macerated bovine pineal resulted in enlarged
ococytes but also bigger ovaries (P<B.B25, Table 24).

The'enlarged ovocytes of injecfed control and high dose
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injectibn groups were found té have larger yolk platelets
than- smaller terfiéry—yolk or maturafion cocytes
oharaéteristic of the uhinjeoted control group, while there
waé ﬁp noticeable difference in nuclear volunme. - The
en;afgement of ooéftes appesars tq have resulted from more or
more rapid yolk déposition (Fig. 41 a, E,‘c).

Although, under the éoqditions of this experiment,
mace%éted bovine :pineal injection was not inhibitory to
ovdarian mafuration, there is evidence of its exerting =
stimulsatory effects on wviltellogenesis. - This finding
éontrasts ‘with the results of experiments in some other
fish, such.as female catfish, Heteropneustes fossilis, in
which ~melatonin treatment during . prespawﬁing period_
inhibited vitellogenesis and induced foilicular atresia, and
freatment during'spawn%ng sesson caused ovarian regression.
In bofh seasons, melatonin caused a reduction in the number
ofr'ﬁypophyseal gonaﬁotrophs {(Sundararaj and Keshavanath,
1976 1it. cit. Reiter, 18988). In another Asian catfish,
Hystus tengara, melatonin injection 2 hr after the light
phase onset (LD 12h:125) during the spring rapid-ovarian-
recrudescence phase arreéted vitellogenesis ahd increased
fhe frequency of atretic ooecytes (Saxena and Anand, 1977

lit. eit. Reiter, 1888).
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GENERAL DISCUSSIQN

-

A. ASSESSHERT OF OEJECTIVE ACHIEVEMENT AND POSSIBILITIES FOR

APPLICATION

A fundamental reason for this study was to'investigate
the possibility of exploitiﬁg modified pineal function to
restriet the reproduction of S. piloticus in rearing pondé..

'?unqtional studies of ihp pineal in many fish hﬁvé
revealed ~ that the pineal modulates physiological activities
to- facilitate breeding .during the proper season and to
prévent breeding during the unfavourable seasbﬁ of the fear.
Precision in breeding periodicity is én, adaptation to
synchronize the emergencé‘of fry with the = availability of
propér -food, which-itself ig subject to cfcles of seasonél
'abundance "(Sundararaj, 1981). Pineal melatonin has been
suggested toupossess antigonadal properties in a nﬁmber of
_ﬁéleosﬁ fish (Minneman ~and Wurtman, 1876 1lit. cit.
Sundararaj, 1981) as in other cﬁprdate classes. It ean
induce . 'marked changes in neufoendocrine and  gonadal
activities in many fish (Fenwick, 1970 b; Urasaki, 1872,
1877; de Vliaming, Sage and Charlton, 19?4). Recent studies,
however, have demonstrated that melatonin can also have

progonadal properties and that it inhibits the antigonadal
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activities of the pineal (Reiter et al., 1875 1it. ecit.
Sundapafaj, i981). This ambivé}ent aotioﬁ of pinegl cannot
be| explained by its melafonin content. Theréfore, it  has
‘been suggeéfed tﬁat the pineal may contain several other
antigonadotropic subétancgs (Bensoﬁ et al., 19?8} Ebel,
.19?8 lit. cit. Sundararaj,'1981) in the form of some-aé vet
unidgntified proteins and polypeptide hormones;:

Early rideas of this study included thé possibilities;
i) if the activity of the nétive pineal was predominantly
prpgonadai {stimulating ovarian maturation), theﬁ
interfering with normal pineal Ffunction could  inhibit
ovarian maturation; and ii) if native pineal was antigonadal
(and removal of this inhibitory effect associated with
ovarian matﬁfafion)h : ﬁhen increasing or stimulating
'prolongéd bineal activity might inhibit ovarian maturation. .

Hany- potentiél_wa&s of interfering with normal pineal
function could ibe.,considered, including. pinealectony,
alteratioﬁ of light regime or, perhaps, the use of specifie
" metabolic blocking agents, £hough._not. all are equally
‘attactive'as potentiél field techniques.
| In any caéé,_‘tﬁis,investigation has now shown that the
native pineal of ©S.  niloticus is not requiréd for
stimulation of ovsarian matUration%during this period. | -

Of the several ways in which piﬂeél activities_could be
" stimulated  or increased (51teratipﬁ of 1light regimes,
injéction of pineal derived metabolic-substances including.

melatonin, injection or feeding of ecrushed pineal tissue),
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administraﬁion of_ bineal from fish in & _nonfunctional
gonadal stage woula _probably -protide the beSt initial
—procedure; HOWever,. in thié investigation, fish pineal
adninistration was replaced by'boviné piqeal'administration
for the reason described in-ChabterAS.

Tﬁe 'results of this series bf'gxéeriments have shown
.that- boYine- pineal did not havé an antigonadal effect (at
least under the conditions of this experiment). This, of
course, doés - not rule out the possibility that the native
pinesal has‘ some pineal inhibitory action as suggested by
Kfoékert, 31983 (1lit. eit. de Vlaming et ai., 1874) “and
others. k, | A . o

WHhile ovarian'development was not inhibited by bovine
pinesals, theré is evidence of. increased vitellogenesis
aséociated with bovine 'pineal adﬁinistfation. The
implication of this finding will-bé discussed more fullf'in
a later sectioﬁ. Héwéver, it is noted here  that other
investigators " have reported that‘ melatonin inﬁibited
vitellogenesis in the catfish, H. fossilis (Sundararajr'and
Reshavanath, 1976 1it. cit. Reiter, 1988), and in M. tengara
(Saxena and Anand, 19?7 1it. cit. Reiter, 1888).

Hhefher this discrepancy reflects species differenceé
or the_faét that the whole pineal contains a-mﬁltiﬁlicity of
active substances, éannot be decided without ‘further
experiment. 'Furthermgye, .the specificity of this responsé
to 'pineal tissue administration (rather than. to

administration of other tissues) has not been determined.
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B.. "PROGONADAL" AND "ANTIGONADAL' ROLE

Nost investﬁgators have used aiterations'ianSI value
as én indicator of the role of pineal on gpnadﬁl '
development, and established the concépts of “progonadal” or
. "antigonadal” aqtivity based on these changes (Fenwick, 1876
a, b, c; .Urasaki, 1872 a, b, ¢, d, 1876; de Viaming, Sage
énd Charlton, 1874). However, since GSI is a proportion of
gonad wqight'to body weight, the use of. GSI alone does not
elimiﬁate the possible effects of any Ereatment.on somﬁtic
gfoﬁth. -'Evidence from the investigation of de Vlaming
(19806) indicated thaﬁ pineaieotomy'consistehtly -decreased
the rate of linesar growth iﬁ fisheé:exposed to a short but
not to a long phqioperiod and - melatonin treatment
accelerated gfowth and weight gain in goldfish maintaired on
‘& short, butrnét on a long photoperiéd. . Thus, changed GSI
valﬁes lmay not. alwéys be ;ndicative of Aaltéred gonadal
actifity (de Vlaming and Voddicnik, 1978); The ease of
deterﬁination of GSi probably expléins-ifs Widespread ‘use
bat it >is éuggested tﬁat such measurements wotild be more
useful, if‘ considefed as ﬁhe gonad weight/body weight
distribution Of ‘ if combined with mgasurément of other
parameters sﬁch as histological deteiminafion of degree of
ovarian- maturation or p?tometric measurements of germ cell
populations. (Fenwick, iBTB c; Urasaki, 1877 1it, ciﬁ.'
Reiter, 1980; Inamatsu, 1978 1lit. it Roiter, 1886; de

Viaming and Vodienik, 1878; Vodienik et al.,"1978) or
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determinations of, fof' instancé, gonadotrbphic and/or
gonédal hormones etc., (Urasaki, 1874; ' de Vlaming et al.,
1977 lit. eit. de Vlaming and Vodicnik, 1878; de Vlaming and
Vodienik, . 1878; Vodierdik et al., 1978 1lit. cit. .Reiter,
1888).

In general, a progonédal_aétivity has been ascribed to
fhe . éineal {or to melétbnin) un&er  00nditiohs where
pinealectomy has resulted in a lowered GSI or pineal‘ (ox
melatonin) administration has induced an elevated GSI.
Changes of GSI with the opposite diréction have led to. the
pineal (or melatoﬁin) Being described as "antigonadal”. In
the discussion which follows, the terms “progonédalh and
”antigonadal“ refer to the activities inferred from qﬁanges
in GSI, unless ofhefwise stated. .

Most studies have suggested that the pineal gland.
.exerts botﬁ progonadal and antigonadal effects. on -fish,
dependiﬁg on other_ fﬁctors, ~such as time of  year,
. photoperiod and temperature. Progonadal involvément of the
pineal was shown in medaka, -Q¢;1g;ig§§J (decrease of GSI
after pinealectomy)- during the period Februsry to May -in-
Yokohama, Japan (Ufﬁgaki, 1972 ¢) and . in ﬂ; gxxsglguﬁgﬁ héid
on a LD 15;5 h:8.5‘h,- 25‘ C.régime-during the preparatory
(January), pfesﬁ&wning (March to April) and early  spawning
(May)"periods in ¥Wisconsgin USA (pinealectoﬁy blocked the
stimulatory effect of this regime) (de Vleming, 1875 1it.
cit. Reiter, 198@}. Hote that these reports have in common

long or increasing-light photoperiod regimes. Hoéever, the
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pineal has Eeén aéparently "antigonadal"‘ under othe:
conditions. Urasaki (1872 a, b, 1873, 1976) shéwed that the
pinea} organ and eyes were 1n§olved in suppressing gonadal
abtivity (1ncrease of GSI and shortenlng of the per;od of
ovipositibn after pinealectom&)_in medaka maintaingd' on a
'short_photoperiod or in continuous'dafkness. An antigonadal
"involvemenﬁ was aléo reporfad by Fenwick - (1878 &) in
.goldfish, C. aurstus, exposed to an LD 8h:16h, 13 ¢ regime
between January to May (prespawning)’ (pinealeétomy caused
enlarged gdnads);' In each report of "antigonadal"” pinéal
actiﬁity; fish -haGe been held under conditions of short-
light ‘or decreasing-light photoperiod; . By contrast, the
~ pineal, which at other times was prégonadal, seemed to be
uninvolved in ovarianldegélopment in goldfish exposed to
short phdtopériod conditions at 260 C during June to August;
" Qctober to December and April to .May (no éffegt on GSI after
pineslectomy) (de Vlaming. and Vodicnik, 1878). '

" Data presented by de Viaming and Vodicnik (1877 1it.
cit. ‘Reiter, 1888) imply that, in M. crvsoleucas, the pineal
organ exert iﬁs effec£s on reproduction;_ at least in part,
via;the hypothalamusrand pituitary.. An exéérimant'conducted
durlng the fall w1th fish exposed to a LD 15.5h: 8 5h or a LD
8h:15h photoperiod at 15 CA_or 25 C revealed that_
Vpinealectomy altered pituitary gonadotrophin.cells'under all
four regimeé. - Pinealectomy in this ekperiment, aléo
repressedr bvarian -activity in fish ﬁaintained,on;the long

photoperiocd ‘regimes. de Viaming andVVodichikA (1877 1lit.
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cit. Reiter, 18886) reportea that epiphysectgmy resulted- in
changes of pituitary gonadbtropﬁin'content, éspecially in
_PhotOperiodrlgrouPS ~of N. crvsocleucas maintained at 15. 'C-
during Fébruary.‘On the other.hand, pinealectomy resulted in
,aﬁ elevated hypothalamie gonadotrophin releasing activity in-
fish exposed to a LD 95:15h,. 25' C'regiﬁé. Evidently the
piqea; organ - of ﬁ. 'Qxxﬁglgggﬁs_is a component in or -can
.modify the pathway(s) by wﬁich photoperiod affects
reproductive mechanisms. | | |
Vodicnik et.al. (1878 lit. cit. Reiter, 198) olaimed
that pituitary gonadotrophin 1levels of pinealectomized
. goldfish were greater than in_controls when samplés were
taken at 10 h, but not at 4 h, afier the onset of the light
_phase :bf a LD 15.5h:8.5h, 22 °C regime (March experimenf);
plaswma ganadotroﬁhin levels, howéver, wére 1owef -in
pinealectomized fish than in controls only at the earlier
gampiing time. Perhabs the pineal organ influences gonadai
develgpmént through, at leaétjin part; alteration of the
daily cycles of serum gonadotrophin levels. |
Furthermore, Hontela and Peter (1986 =z lit..cif. Peter,
71983) found that pinealectomy snd blinding both caused the
idaily cycle in serum GTH'leﬁels to disappear in fish held on
long photoperiod and warm temperature;'. a".significaﬁt
decrease in GSI also occurredrin some experimental groups
a}though the fish were killed at only 7-8. days after
exposure to the environﬁéntal condifidn, a relatively short

'time_ period for effect on GSI. Pinealectomy but not
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blinding,. of fish héld'on a sﬁorﬁ photoperiod and ﬁarm
' température'caused a daily cyecle in serum GTH lévels; but no
‘effect on GSI was found. = These results suggested that the
_progdnadai efféct of 'the pineal and Aeyes_ under long
photoperiod' cohditions entails the prpﬁotion of. a daily
cycle in serum GTH levéls; ho&éver,Athe'ahtigonadai effects
-of fﬁe pineal under short photoperiéd entails suppression of
daily cycles in serum.GTH 1eveis (Petef, ~1883). Again, it
aépears that mediation of pineal—gonad‘effeots may involve
al?é&ation of the.cyclésiof GTH secreﬁion. A possible
mechanism might _involve an effect 6f melatonin Jlevels in
hypothalamus;hypophyseal  vessels . dontfollingA eﬁther
synthesis or release of a gonaddtrophic releasing hormone or
synthesis or releése of gonadotrophic hormone’ diréctly,
~although = Qirect effect of pineal substances in the gonads
tﬁeméél?es‘cannot be_ruled out.

However, in a mofe detailéd study, -Héfeez and Zerihun
(1874 lit; ciﬁr de Vléming_and_Védicnik, 1878) noted that a
branch rof' the pineal nerve tract mayu,project'riﬁtb the
hypbthalamus. Pﬁotbperiod- information might therefore be-
channeled directly via a nervous pathway into centefs which
influence gonadotrophin secretién.

A synthesié " of the above répqrts suggests - that
rphotbéeriod, temperatﬁre, éineal ~actionn and - gonadal
maturation are linked in a- conmplex relationship.r--'A
hypothetical system relatiné gonadal_ maturation to

photoperiod with pineal involvement,' which 1is c¢consistent .
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with these findings, and based- on a secretory pineal

- (melatonin) is shown in Fig. 42.




L/b
cycle

Melatonin
levet T

GTH
javel T

PX

melatonin’
level 1 ©

GTH ‘level
after

PX

~181-

long photoperiod

L/ D
qycle

short photoperiod

L L L

n.[—lbmol——ld

melatonin jevel decreased in light phase,

melatonin  level stimulated by dark phaze,

?

‘ Meltonin/\/\/—\/‘\
. level T . _
GTH 4while melatenin 4 metatonin lnhib;ted GYH -cycle in short
GTH photoperiod -
‘ tevel 1)
M GTH at
iow level
caused ovarian maturation. caused ovarian regression,
) PX .
melatonin source of melatonin
leyel 10 r
St —— 7 "GTH level : '
e : fter
L ,) a ‘ ?
: PX
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C. VITELLOGENESIS

In this sfudy, ﬁaﬁerated»rbovine pineal injection
resulted in enlargement of oocytes, which contained larger
volk platélet-than uninjécted control ana injected éoﬁtrol
groups.. _ | , |

'A‘hyppthesis for theAmechanism of vitellogenesis in the
| goldfish waé,proposed‘by Bailey (195§»li£.'9it; Ng and Idler
1883). Vitéliogenin is synthesized in  the liver, under
Astimulation. of estrogéen produced from the 'ﬁvary; seéretgd
into the éireuiation, ~and trahsported to the ovary where it-
: is taken up into the.oocytes. | | |
The contribution of autosyﬁthetic pfocesses (endogenbus‘
‘,vitellogenesis) to fhé volk mﬁss in the téiepst 'ovarQ,
_reiative "to  exogenous yglk-acduired by iﬁ corﬁoration of
vitellogenin,  has not beeﬁ estimated. Exogenﬁus
vitellogenesis can be considered to consist of two phases..
The . first phése involves the induction. of hepatic
vitellogenip production _under stimulation ‘of novarién
estrogen. During the second phase, §itellogenin is taken'up
from the blood stream and incorporated into ovarian yolk
proteins. In all stages of vitellogenesis, Starting with
. the mobilization of lipid, the synthesis in the 1ivér of a.
female+s§eqific glyéolipdphosphOHprotein-vitellogenin and
its eventual ‘deposition in ooeytes aré’ known to  be
gonadotrophin dependent (Wallace, 1878; Nath and Sundararaj,

1981-lit. cit. Sundararsaj, 1981); -Idler .and HNg ({979'1it.
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cit. Bun HNg and Idler,'lSBSj have isolated twé gonadotrophié
_ho:mones. The one with 10# carbohydrate content induced
vitellogenesis, "~ while the other which .was  rich  in
carbohydrate, 'iﬁduced maturation and ovuiétion. A possible
means whereby the pineal could influence vitellogenis cou;d
involve a pinealmmediated regulation or‘quifiéation of the
- secretion of:GTH-(pﬁssiblﬁ the low-carbohydrate GTH).

de Vlaming et al. (1877 lit. cit. de Vlaming and
Vodicenik,. 1978) reported that a- specific 1jp0pr0tein
(probably a vyolk precﬁfsor) was mich more frequent in the
_plésma of sham operated thén pinealectomized goldfish
ékposed to a éhort photoper}od during early April. Since
this lipoprotein was . cestrogen-dependent (ée Vliaming et al.,
1877 1lit. cit. de Viaming and Vodiénik} 1978), these data
implied that pinealectomﬁ had an effect oﬁ . plasma sex
sferoid ‘levelsk ﬁossibly_' by altering ‘gqnadotrophin
segretion. o |

The present, results, in wthich ~ bovine pineal
administration caused increased volk deposition iq tertiary-
volk and matu:atién oocytes,‘ confrasfs with the implication
of ihcreased vitellogenesis' following pinealectomy of
_goldfish shown by de Vlaming et al. (1877 1lit. cit. de

Vliaming and Vodienik, 1978).
D. RETROSPECT ARD PROSPECT

The facts that adult §. piloticus have repeated
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nonsynchfonous repfodﬁctive'cycles; and thaf-bpdy weight at
which the onset of first ovarian maturation oCCUYS Seems toj
be sgmeﬁhat vgriabie, create considerablé maturational
heterogeneity in fish ovaries in any sample taken for
experimental purposes even when. the sample is homogeneous
with  respect to body weight or -length. : For experimental
work- where the stage of- ovarian .matufation is being
detarhined, it may be advantageous to make additional checks
on the ovarian condition. Taking ovarian bioésies has been
considered as a possible sﬁlution to thi; problem. |

For a tropical_breéder where photoperiod tﬁrouéhout the
year ‘changes only From 12.5h:11.5h to 11.5h:12.5ﬁ:(L:D) as
~in thé‘regioh where the present experiments wére performed,.
the change '.in 'photOperiod is unlikeiy tb be a natural
stimulus inducing reproductive- activity.. §. niloticus,
- ROTEOVEr, 'Ereeds throughéﬁt the yeér. Thus, it may be
questioned  whether the pineal has é_role iﬁ controlling
reprodﬁctive ﬁctivity in thig fish at all, énd if not, what
. function does it play 7

Indeed it has been - shown that the pineal of 5.
niloticus was not required for.ovarian maﬁuration (dﬁri;g
the actual time of ovarian maturation) and that the
administration of bovine pineal was not inhibitory, (thdﬁghv
it had some sfimulatory effect on vitellogenesis). Thus,:as
far QS reproduction is concerned, the role of the pineal may
be minimal in this speciles.

However, to clarify further the possible reproductive
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control mechanisms in -which the pineal may be involved, 2

approaches might. be used 1) monitoring pineal aotiVity,

-e.g. by ultrsgstructural appearance and/or histochemical and

biochemieal analysis for serotonin, - or HIOMT (Hydroxyindol-

O-methyltransferase) . of. fish pinealsl in relation to.

different stages of toe ovarien cycle when Kkept under
different photoperiodice regimes, end ii}'detefmination of
the response.of gonadofrophin le;els (high carbohydrate and
}ow carbohydrate forms) to plnealectomy and/or melatonln or
(fish) pineal administration at different phases of ovarian
development.

There is ‘muoh more evidence for the pinealgs role in
stimunlating colour ohange in 8. nllgi;eua Female
S. npilloticus darken under constant darkness,* blanch_ under
‘constant ‘llght and show a darkening reaction to - MBP
injection which is not shown in fish injected with Ringer's
solution alone, .Tois implies‘ the increased release of
meletonin from -pioeal -under darkness and a pigment
dispersing effect on'deroal'melanophores (the ooposite ‘of
the effeot reported in aﬁphibie andflampreys)o A simple
exoeriment to confirm its peripheral action gould be to
observe the 'meianophore response to melatonin applied
rdirectly tO'excisedAskio, |

.Woile much remains to be learned before the natural
funotion of the pineal in §. niloticus is elucidated, fhe
'prospecfs for liﬁiting reproductive development in reariﬁg

" ponds of this Ffish using a pineal medisted mechanisnms, es

{
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envisaged at the onset of this work, 's;em to be -poor. In
reaiify, the very reésons.éhy there is a need to limit
reproduction'in rearing ponds of §. nileticus (nonseasbnai,
nonsychfonoué and reﬁeated breeding cveles) reflectAthe lack
6f lnatural -environmentali?~induoed coﬁtrdl factors and
_thereby provide iittle oéportunity for expléiting s natural

regulatory system in the management of its reproduction.
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Bovine - pineal dissection  method  (Geater, personal

communication)

The pineal gland used in this study were 6btained from
adult _Tﬁai bulls (Bos indicus) from a local slaughter house

in Hat Yai, Songkhla province. Bulls weighing approximately

469 . kg and were slaughtered by common carotid artery -

section. Tﬁe animals were decapitated within 3@ minutes of
sléughter. A manual or low-speed electriec drill filled with
a 5.5 cm éutside—diaheter cireular “"key hole” bit was used
to make a circular cut in the temporal-ﬁnd parietal bones
dorsal to, and includ%ng the dorsal edge of,. thé foramen
magnum, In cases, where the drill cut did not peneﬁraﬁe the
bone completely, a fine cold chisel was used to cbmplete the
cut and thelcircular-disc of bone withdrawn by uéing héavy
 forceps, thereby exposing tﬁe méninges. F;om this pbint on,
sterilé techﬁiqué was employgd. The exposed- meningeal
membranes were removed-to réveal the posterio-dorsal surface
of the cerebelluh.. A tea;spoon was insefted dorsal to the

cerebellum ~and extending to the region of the culmen .and

used to retract the cerebellum pbsterio—ventrally and expose

fhe rostral colliculi, anterior to which the pineal was
situsted, extending posterio—dorsally from thel subpineal
foss4d, Cerebrospinal fluid was sucked out using a syringe.
The pineal stalk was transected using fine angled scissors

and the pinesal removed with forceps, placed in a sterile

bottle and kept under ice until transfer to a refrigerator

at - 10 C.




