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CORBSTRACT

vl
e

The present study 1nvest1gated the clearance and distr1but1on
of carp g]ycoprote1n go adotrop1n (cGtH) in. the goldf1§h Curasszus
.auratub dur1ng differen phases of the annual reproduct1ve cyc]e
A compar1son of 1nJect1o:\p

|
adm1n1strat1on of cGtH is 1happropriate for hormone clearance o

ites suggested that the 1ntraper1tonea1

" studies.  The p1asma d1sappe§rance f 1ntraarter1aT1y 1n3ected ,5'
ad1o1od1nated cGtH (1251 cGtH) was found to be - mu1t1exponent1a1

exh1b1t1ng both a rap1d and’ s]ow component. ;he 1mmunoprec1p1tat1on"
125

- of p1asma I- cGtH Employ1ng ant1sera made g ainst cGtH prov1ded
a s1gn1f1cant d}scr1m1nat1on between tota] and tr1cn10roacet1c ‘
- acid (TCA)- prec1p1tated rad1oact1v1ty B |

At }2 1 C, overa]] p]asma metabo]1c c]earance “rate (MCRf\'
1ncreased with 1ncreas1ng state of ovarian deve]opment 0vera1].
MCR also\1ncreases wi th 1ncreas1ng temperature 1n sexua]]y
~ regressed goldfish (GSI = .1.4%) but not in sexual]y matur1ng “tf
| fish (GSI = 4, 9%)'fndicat1ng that both temperature and " the»statef,
.;of ovar1an deve]opment can-affect ‘the c]earance of GtH. Sexually
matpre fema]e go1df1sh (GSI = 15.4%) ma1nta1ned at 12 10 C‘

showed a marked 1ncrease ‘in prwmary MCR and volume of d1str1but1on

(Vi)_compared to all other groups P]asma GtH ]eve1§ are e]evated

) “-in_both 20 1' C acc11mated regressed and maturlng fema]e go]df1sh

'compared to f]Sh ma1nta1ned at 12 + 1 C, and at both temperatures

.~ the p]asma GtH IQwels 3ncrease with 1ncreas1ng GSI. Inrptvo studles

P

v o



‘ .

progre:£1ve increases-in pituitary secret1on rate (SR), and are of

“importance in- stimu]at1ng progress' evelopment of the gonads

Wi
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“INTRODUCTION

To elucidate the mechanlsms regu]at1qp teleost reproduct1on,
a thorough understand1ng of éonadotrop1n (GtH) b1ochem1stry and .
phys1o1ogy is essent1a1 GtH's of high, spec1f1c act1v1ty have been
prepared from only g:k teleost: Spec1es (for rev1ew see: Dona]dson,
1973; Fontaine, 1976; Peter and Cr1m,‘1979) ‘The number of GtH S
e]aborated by the teleost p1tu1tary g]and is current]y a subJect
of controversy Salmon GtH, SG G-100 (Dona]dson.et al., 1972),
~ although prepared from pituitary g]ands of sexually mature
~ Oncorhynchus tshawytscha is capab]e of st1mu1at1ng all stages of’
‘seXUal deve]opment,(Dona]dson;‘1973;:SundararaJ and Anand, 1972,
Sundararaj et‘ai., 1972a; Fontaine, 1976). whether or not
. 56 6-100 conta1ns more than one GtH has not been detenn1ned How- .
.ever, Plerce et al. (]976) demonstrated a cons1derab1e amount of
mater1a1 10 add1t1on to the c]assica] glycoprotein GtH,
Donaldson' s $6 6-100 that lacks affinity to concanava11n A
z(Con A)-sepharose “Highly pur1f1ed carp GtH (cGtH) (Burzawa-dv’
Gerard 1969 1971, 1974 Jolles et al. 1977) is also capab1e of-v
s¢1mu]at1ng a number of stages in the sexual development of teleost
fishes (Fonta1ne, 1975) Billard et al. (1970) used 1 ug cGtH
per g body we1ght (BWt) to restore all aspects of spermatogene51s
and sperm1at1on in hypophysectom1zed male goldflsh Cbrasstus
'.auratus Carp GtH is also capab]e d? stimulating v1te]1ogenes1s,/

=ovar1an ma1ntenance and ovu]at1on in hypophysectom1zed catf1sh

Beteropneustes fbsstlts (SundararaJ et al., 1972b) More recent]y

N



B

SundaFaraj‘etfaZ’ (1976) reported the maintenance of v1te]]ogenes1s'
in hypophysectom1zed H. fbsstlts with very low doses of cGtH.

Since th% fish were grav1d at the beginning of the exper1ment and
because hormone 1n3ect1ons began the day after hypophysectomy, it

is not possible. to determine whether or not the cGtH was capable

of stimulating the incorporation of yolk into the oocyte, or rather

just maintaining the existing mature QprtéS. The study of

Ky

Burzawa-Gerard (1974) is the only additional published’evidenceb

supporting a,role’of ¢GtH in vitél1bgenesis:/Jﬁyguﬁﬂﬁibécause

of the high dosage (5 ug cGtH pef‘g BWt) used” to reinitiate

-vite]]oﬁenesis in hybophysectomized female C. auratus and since

only one of the injected fish showed-~a gonosomatic index (GSi)l
(see METHODS. AND MATERIALS) similar to intact fish, these results

arevdifficu1t to intérpret: Evidence for tWo,Efos of distinct

k4

physico~chemita] and biological characteristics 1n'chum sa]mon

: (Ng and Idler, 1978a) and p1a1ce (Ng and Id]er, 1978b) is un-

equivocal. Idler and assoc1ates have pur1f1ed a v1tellogen1c GtH .
characteriied_by a lack of aff1n1ty to Con A-sepharose‘(Campbe1]

and ‘Idler, 1976; Ng and Idler, 1978a,b). This nonglycoprotein GtH

“is capable of stfmu?ating yoik intofporation into the ovary

(Campbe11,>1978), but after reéhromatography on Con A-sepharose

is 1'ncapabl.e of ihducing final matufation’aﬂﬂ ovd]ation iﬁ
hypophysectom1zed test fxsh (Campbel1 .and Idler, 1977 Ng and Id]er,
1978a ,b). The g]ycoprote1n GtH a]though very potent in oocyte
maturat1vn and ovu]atony act1v1ty, 1s devoid of v1tellogen1n uotake

act1v1ty Campbell anq.Idler, 1976; Campbg]] 1978) A-h1gh]y _
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1 .
oot

purified glycoprote1n sa]mon GtH prepared from p1tu1tary glands of

~rainbow trout Salmo gatrdnerz (Breton et aZ oy 1978) 1s capab]e of e

st1mu1at1ng the synthesis of endogenous yolk in the oop]asm of
| Juven11e rainbow trout ovaries (Upadhyay, 1977) They1ncorporat1on
of vite]]ogen1n synthesized in the 11ver under the influence of |
estrogens was stimulated not by the g]ycoprote1n GtH but rather by
a e%actor(s) in the crude sa]mon pitui tary extract (Upadhyay, 1978)
Hhether or not- this p1tu1tary factor(s) is a nong]ycoprote1n GtH
. has not been determ1ned

The effects of environmental factors on serum or plasma GtH
.leve1s provide_jns1ght into the mechanTsms}whereby.f1sh t1me.the1rv-
reproductfve cycles with;envtrcnmentai cues (for reviews see:
de Vlaming, 1974; Peter and Hdnte]a, 1978; Peter and Crim,’1979):
The majority of studies demonstrate that warm temperatures are
assoc1ated with 1ncreased blood GtH 1eve1s (G111et et al., 1977,
" Gillet et al. 1978 Breton and B11]ard 1977,‘Bretonvet qZ., 1975;
~ Hontela and Peter, 1978) and suggest that e]euatedfcircu]ating GtH
titres can either'accelerate gonadal recrudescence or regression
(Gillet et al., 1978) depending, on condftion of the gonad and timej
ofvyear Honteia and Peter (1978) descr1bed daily variations in.
serum GtH 1evels in fema]e goldfish at three d1fferent t1mes of the
. year, under different comb1nat1ons of temperature and photoper1od
These authors suggest that the mechanism for st1mulat1on of gonada]
recrudescence under long photoper1od and warm temperature is by
surges of GtH secret1on dur1ng each 24 hr light dark cyc]e

. (Honte]a and Peter, 1978). as opposed to a]terat1ons in the basal

-



_fGtH levels as previously supposed (Gillet et aZ., 1977). E]evatedt
. serum or p1asma -GtH 1eve]s are estab11shed in the. endocrine contro1

| of sperm1at10n (Breton et aZ s 1972 Cr1m and Evans, 1978; Sanchez-

‘ »l Rodr1guez et al., 1978) and ovulation (Cr1m et aZ , 1973, 1975;

* ',"__Breton et al., 1975; Fostier ot al., 1978; JaTabert et al., 1978;

p"

}}Stacey et al., 1979a b) in teleost f1shes It~1s clear that studies’
of plasma GtH 1evels have ﬁncreased our understand1ng of e mecha-
nisms regu1at1ng teleost reproduct1on To date however, no method
o ex1sts for the measurement ‘of c1rcu1at1ng nong]ycoprote1n GtH in -
~ teleost f1shes The uncertainty regard1ng the existence of this \\\\\
' hormone in a number of spec1es, (e.g. carp, see above), means some
stof the hypotheses der1ved on. the bas1s of the above data must be
fregardep as tentat)ve unt11 th1s 1ssue 15 reso]ved for each species
under study Ex1st1ng te]eost GtH rad1oimmunoassays (RIA) deve]oped l}
us1ng h1gh1y pur1f1ed GtH E (carp, go]df1sh - Breton et al., 1971 x
R Crim et aZ. 1976; Honte]a and Peter, ]978 ralnbow trout - Breton
_ and B111ard 1977) probab]y measure only the, glycoprote1n GtH pro- :
vided a g]ycoprote1n tracer-is emp]oyed (see METHODS AND MATERIALS)
\RfA s based on ant1bod1es raised aga1nst an ant1gen preparation
,wh1ch may conta1n apprec1ab1e amounts ‘of more than one distinct
GtH»(Cr1m et aZ 1975) must be v1ewed with caution. In add1t1op, ///
'studles of stat1c GtH concentrat1ons 1n serum or- p]asma and the // |
_p1tu1tary g]and indicate ]1tt1e about the dynamic phys1o]ogy of //
this hormone. - : S : ‘ _,§§*
| A]though many studies corre1ate p]asma GtH levels with a

part1cu]ar exper1menta1 treatment or phys1olog1ca1 event,’ assessment

e

/ C, . ?
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of the GtH dynamics requires eva1uat1on of al] the relevant para-.
meters . the p]asma metab011c c]earance rate (MCR), p1tu1tary
secretion rate (SR), and p]asma and p1tu1tary GtH concentrat1ons

Recent studies concerning the ro1e of GtH in the precoc1ous sexua]

development of male Atlantic salmon (sazmo salar)\(Dodd et aZ., 1978;

- Crim and Evans, 1978), illustrate the necessity of assessing GtH

dynam1cs Crim and Evans (1978) hypothesize that.thebdep1etion of
p1tu1tary GtH in July and August may be-related to an 1ncrease in
hormone release as this perxod coincides with the onset ofqpre- .

cocious gonad deve]opment and an increase in p1asma GtH t1tres In

' add1tion these authors speculate that tre observed e]evated GtH.

" levels in both p1tu1tary and plasma in fa]] and w1nter, as well as

e dec11n1ng hormone 1eve1s observed from March to June (Dodd et al.,

‘1978 Crim and Evans, 1978), represent a per1od of GtH release wh1ch

is 1mportant for germ cell m1tot1c d1v1s1on However,‘a]ternat1ve -

.explanat1ons are. poss1b1e and cannot be ruled out w1thout quant1ta-
‘tive 1nformat1on on . the clearance and d1str1but1on of th1s hormone

: For examp]e “both an 1ncrease in testicular b1nd1ng of GtH (see

Chann1ng ‘and Kammerman, 1974 Catt et aZ ,‘1973) and a decrease 1n -
water temperature (Crtm and_Evans, 1978) wou]d cagse .2 decrease in -
the MCR of GtHiduring the winter pertod of spawning and spermiation.
A decreased. MCR could be respons1b1e for the observed elevated o
plasma IevEIs_dur1 the spawning season, in add1t1on plasma GtH |
could have feedbacggact1ons on the hypotha]amus and/or p1tu1tary
to inhibit further release of pituitary GtH and un]ess synthes1s

decreased s1gn1f1cant1y, pltu\tary GtH content ‘would be elevated as
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observed Perhaps in the spring, as water temperature and GtH MCR

iincreases p]asma GtH Tevels decline removing the pituitary
nh1b1t1on fac111tat1ng the observed dec11ne in pituitary GtH
content (Cr1m and Evans, 1978)} In these and other" studies where
GtH has been’ measured, 1nformat1on concerning the GtH dynam1cs would
obviously fac111tate the 1nterpretat1on of results
+ There is on]y 11m1ted information ava11ab1e concern1ng the
" clearance of teleost GtH from the plasma w1thgt1¥e (plasma
~dlsappearance prof11es) after.a s1ng1e injection (Cr1m and Evans,
1976§;> In their study, immature rainbow trout (S. gairdneri) were
'einJected 1ntraper1tonea11y (ip) with either 0. 02 or 0.2 ug GtH/g"
body we1ght, at three d1fferent temperatures Blood samples were -
collected at 1, 2, 3and 7 days after the GtH or vehicle injection.
‘No analysis was made to determlne the half-life (t } or MCR of the‘_
.hormoneffrom the p1asma. The plasma GtH!51sappearance prof11es
'measured by RIA decreased in magn1tude w1th decreasing temperature
suggest1ng that ‘the rate of c]earance of GtH from the p1asma -
decreased with decreas1ng temperature The prof11es indicated that
'_detectab]e levels of GtH can be found 1nythe b]ood for up to 1 week
fo110w1ng a s1ng1e 1nﬁect1on and that treatment w1th m1crogram
~doses of GtH deve]ops plasma hormone 1evels in the ng per mlnrange: ‘
It. is ‘the purpose of the present 1nvest1gat1on to define the |
‘p1asma MCR, SR and initial b1o]ogica1 ha]f life (t ) of glyco-
prote1n cGtH in ‘female goldf1sh acc11mated to 12 + 1 C and
‘20 + 1° C, at. three separate stages in the annual reproduct1ve

- cycle. »In add1t1on a. compar1son to regressed male go]df1sh will be



: madefg} 200+ 1 C. The GtH MCR ‘will be determined using the single

i

‘ o .o - ) R
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: 1nject1on method measuring the ‘disappearance, of tota]

trich1oroacet1c ac1d (TCA)-precipitated and 1mmunoprec1p1tated

radio1od1nated cGtH. A comparison of 1nJect1 n sites w111 be made
a

to. determ1ne,wh1ch is most appropriate for hormone c]earance stud1es.

P]asma GtH concentrat1ons w111 be assayed by RIA and by use of MCR

- data, the p1tu1tary secretion rate w111 be est1mated

3 ) l



~ METHODS AND MATERIALS

!

Source and Maintenance of Fish

Goldfish, Caragsius auratus, of the common or comet varieties
were purchased from GraSsyfork Fisheries Ltd,, Martinsville, Indiana.’
All fish were maintained for a minimum of 2§ days in 1500 1'flouil |
through aquar1a under a simulated natura] photoperiod (Edmonton, -

Alberta, Canada) prior to expeerental treatment. Dur1ng this
per1od the water temperature was 20 1 C prior to commencing
“experiments with sexually regressed goldf1sh and 12 1° C for
sexually. matur1ng and mature fish. At random t1mes during the
‘ .da11y photophase the f1sh were fed a commerc1a1 trout chow (Ewos )

ad Z‘thtum

4

i
|
!

Part 5f’ Intraper1tonea1 In3ect1ons of cGtH

In sp1te of the theoretical advantages of excluding the
p1tu1tary g]and as a source of endogenous GtH product1on for ,
assess1ng the d1sappearance character1st1cs of the exogenoJ; carp -
| gonadotrop1n (cGtH) by the single 1n3ect1on techn1que, this
approach was rer}ted in v1ew of the pronounced hemodynamic )
‘(A F. Cook pers nal observat10n) and metabolic (walker and
Johanson 1977) changes assoc1ated with go]df1sh hypophysectomy.
A poss1b1e source of error w1th intact fish is the nonspec1f1c |

stress component of the 1ntraper1tonea] 1n3ect1on of cGtH; to

. obviate this poss1b111ty.the,effect of the injection per e
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was determ1ned by 1nc1ud1ng a number of controI groups After the_A
1n1t1a1 acc11mat1on per1od (see above) maIe fish were randome -
divided into three groups, and reacc11mated in 75 1 p]ast1c aquaria’
ma1nta1ned at 12 ¢ I C under a light dark cycle cons1st1ng of 12 hr
light aIternat1ng with 12 hr dark (11ghts on at 0800 hr). The fish

_ were fed Tetramin at,0900 hr daily. Prior to injection or blood o
sampling the fish:were anaésthetized by immersion in 0.05% tricaine
’ metnenesulfonate (TMS) (Sigma), buffered to pH 7.0 with 0.5 M
imidazple (modified from Strénge'end Schreck,1978),\untﬂba]1 visible =~
3 \muscular moVepent ceased. After IO days, all fish in group I were ‘
bled (pre-experiment sample) by the standard method (see below)
between 1400 and 1500 hr; the rema1n1ng fish were undisturbed at
» this “time. After 7 da/s recovery, group I fish received intra-
| | _peritoneal injettions.of 0.025 pg cGtH (Burzawa-Gererd, 1971) per
* g body weight (Bwt) (S.ug cGtH per ml teleost saline) with a 250 ul
Hamilton syringe fitted with a disposable 27 gauge X %" need]e
Blood sampIes were taken at.either 1 3, 6, 12, 18, 24 -72 or 168
hr after inject1on. A11 samples were taken at the same time in A
_-_the dain photophase as the presample (1400 - 1500 hr), thus.each
f1sh in this group served as its own control. Vehic]eeinjected
| group. I1 f1sh received an equ1va1ent volume of teleost saline and
were samp]ed 1dent1ca] to group I. The un1n3ected controI group
(group III) was samp]ed on the same schedu]e as groups I and 1I.
BIood samp]es were processed for’ subsequent GtH RIA as descr1bed
below. No fish were sampled more than tpice after 1n3ect1on or

| within a 48 hr perjod. Since there were no significant d1fferences —
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in the GtH va]ues between the various control groups in this
‘experiment (see RESULTS), the values obtained from the: se]f-contro1
" group (pre-experiment sample) were used as-a measure of endogenqus'
serun GtH levels in subsequent expériments; Two additidnal ekperi-
ments were'done, one using male fish at 20 + 1 C and the other
'usingvfemaie fishkat 12+1 C, with the same protoéo] as described
above, exeedt that groups II and III were not 1nc1dded. To
diésociate the disappearance pattern of the exogenous hormone from

" that of the tota] (endogenous'and exogenous ) GtH, the individual
GtH values obta1ned from the pre -experimental samp]e were sub-
-tracted from the va]ues pbtained after the 1ntraper1tonea1 1nJect1on
-qucGtH. The disappearance of exogenous GtH after the intra-

~-per1t0nea] injection, when expressed as a per-cent of the ;o

4

administered dose per ml serum, exhibited a linear disappearanCe

pattern on a semi-logarithm1 ‘Figure 5) evi 'ing first-

'order kinetics in a single compartment (Shipley and Clark, 1972).

" The disappearance profile may be described by the equation:v
At )

where the concentrat1on of exogenqus hormone at any time after the

1ntraper1tonea1 1n3ect1on, X (t), is a funct1on of the ord1nate fb

intercept A and the slope a. The serum MCR and b1o]oglca1 hal f-

] disappearance'time (tE)'wene.ca1¢ulated as described by Tait and

Burstein (1964) and Gurpide (1975), as""‘desc':m'bed in APPENDICES 1

and II. S1nce secret1on must ba]ance metab011sm under steady state

-cond1t1ons (Gurp1de, 1975) the p1tu1tary sedretion rate (SR) is :i
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equ1va1ent to the product of ‘the MCR and the c1rcu1at1ng (endogenous)
GtH concentrat1on

125 ‘

125 I-BSA by Female

Part II: Ovarian Uptake of I-cGtH and
h Goldfish" Acc]lmated to 20u_ 1 ¢

Rad1o1od1nat1on of carp gonadotrop1n (]25 cGtH) and bovine
~ serum albumin (]251 BSA) (S1gma) was accomplished by similar methods,
as described below (Pr'eparatton of radioiodinated gonadotroptn and

“bovine serwm albumin).
er ‘

1251 _catH (about

Each fish keéeived apptoximate]y 7 ng of
3.9 x 10° cbm per fish) via int;aarterial injection (see below).
Teleost saline (Burnstock 1958) was emp]oyed as a diluent to make
.a tota1 injection volume of 50 ul. The fish were sacrificed at \ |
timed interva]Sl(ZOdto 60 mindtes) following injection, as indicated‘
in Figure 5. ‘Immed{ateTy aftervSacrifice,'the ovaries were removed,
v dfssected free of adipose tissue-and 1hdiyidua11y_weighed.’ A
minimum of 5 fish were used for each'éamp]e ﬁexcept'where ndted'_

_ (Figdre 6) The rad10act1v1ty of each. ovary was counted (Mode1 MS |

- 588 Mrcromed1c Sggtems Inc Ltd Horsham PA ) and the resu]ts were

expressed as per cent of 1n3ected dose per g ovary.' Port1ons of
other tiésues} including muscle and 1htEStine were'aTSO'weighed
and their radioactivity;measured A]]quots of p]asma were also

'counted for rad1oact1v1ty The same experiment was repeated sub-

stltutlng']ZSI-BSA for 1251 cGtH as,the injected tracer. .
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. Competwwe uptake expemmenta

roups of female f1sh acclimated to 20 1 ¢ (12L 120\ 1ights

'on at 0800 hr) received 1ntraper1tonea1 inject1ons at 0800 hr of
’either 0. 50 ug BSA per g BWt, O. 35 ug cGtﬁ per g BWt, or 0. 50 ug cGtH

o perg Bwt The un]abe]]ed hormone and BSA were each d1ssolved in

. 1od1nated ]251 cGtH (or about 3.9 x 10

"F1gure 6

'teleost sa11ne such that each f1sh rece1ved 5 ul of solut1on per

g BWt. Three hr later each f1sh rece1ved about 7 ng freshly

ob cpm) via 1ntraarter1a1

1n3ection (see below). Al] fish wh1ch rece1ved 1ntraper1tonea] in-

~ jections of unlabe]]ed cGtH were sacr1f1ced 30 minutes after the

1ntraarter1a1 1nJect1on of 125 I cGtH) and the ovarqes were removed

'welghed and the1r rad1oact1v1ty measured as descrlbed r“e fish
| pre-1n3ected with BSA were sacr1f1ced at the timed 1ntervals (20 to .

60 m1nutes) follow1ng the 1ntraarter1a1 1n3ect1on,‘as 1nd1cated in =

‘ .
o

<

RN

- Part III C]earance of Intraarter1a11y InJected G]ycoprote1n

1251 cGtH

<

E':gpemmental protocol and sa:mplmg procedure

o Immature fzsh (August - September, 1978)

After the 1n1t1a1 acc11mat1on per1od one group ‘of 50 fema]e

v goldf1sh was gradua]ly cooled to 12 + 1 C over a 24 hr per1od and _'

reacc11mated for 14 days ‘while a second group of 120 male and

female. f1sh was exposed to the in1t1a1 acc11mat1on cond1t1ons for

-a-further 14 days.



'W'Ith 1 C prior to exper1menta1 treatment Aq

_‘ \ Maw.mng fzsh (February 1979) o

After accllmation to 12 * 1 C, one group of 50 matUr1ng fema]e

. go]df1sh was"gradua11y warmed to 20 " 1 C over a 24 ‘hr period and

reacc1imated for 14 days wh11e the remaining fish were 1eft at

,\\12 + 1 c.

Mature fish (March 1979)

!
|

Mature female go1df1sh were acc11mated fo:jat 1east 14 days to
tic: vegetat1on wai

‘om1tted from the aquar1a as it 1s known to bea spec1f1c cue for -
e

jovulat1on in the goldfish (Stacey et al., 1979b)

- To start the exper1ment w1th each of the experlmental groups
| defined above 48 hr pr1or to the 1naect1on of ! 51 cGtH, the f1sh
" were. anaesthet1zed and about 150 u1 of b]ood was withdrawn from the

caudal vascu]ature w1th a 25 gauge X 5/8“ need]e f1tted to alml

fddisposab]e syr1nge Each syr1nge was pretreated with about 3 mg

of- d1am1no ethanetetra acet1c ac1d d1sod1um sa]t (Na EDTA). The
'.samples were kept on ch1pped ice for 2 to 3 hr pr10r to centr1fuga-'
tion at 760 X g for 20 m1n at 4 C. The plasma was stored at 25 c
unt11/ﬁtH RIA ana]ys1s. After samp11ng, the f1s% were transferred
‘to exper1menta1 75 1 aquar1a These aquar1a*are‘as*deschbed by

eStacey et aZ (1979a) with the addition of'plast1c Tiners for radia-

: t1on conta1nment v I Lo f' v! ;g-

Blood samp]es (about 300 u]) were taken from 1nd1v1dua1 f1sh
at 10, 15 20, 30, 55, 75 and 120 min after 1Atraarter1a1 1n3ect1on
‘f ]251 cGtH (see be]ow for descr1pt10n of 1251 cGtH) Dup11cate ‘

. 25 ul a11quots ‘of p]asma were assayed for tota1/rad1oact1v1ty 1n an

e



. s

PR

-.automatic gamma radiation counter (Mode] MS 588 Micromedic Systems

‘Inc. Ltd., Horsham, PA. ) The tota] radioactivity determined in

the plasma of experimental fTSh was expressed as. a per cent of the

injected total radioactiVity per ml piasma after standardization to

25 g BNt The Tatter caTcuia

tion assumes the anetTCS of ]251 cGtH o

= in gonfish to be Tinearly reiated to body weight Remaining pTasma

‘ -was utilized for trichloroacetic aCTd (TCA) prec1pitab1e and immunos -

"_precipitabie assays (see below).

Prepamtwn of radtmod‘mated gonadotropinv and \bdviné, 8ém’m1. awamln.‘,

Short-term cTearance studies were performed w1th cGtH

~

iodinated w1th 1od1ne 125 by use. of chToramine T (Greenwood et al.,

1963) Unreacted TOdee and

damaged hormone were separated from

'1ntact ]251 -cGtH by ge] filtration on a Sephadex (Pharmac1a,

UppsaTa, Sweden) G—50 (fine)
I,buffer (0. 08 M, pH 8 6) The

 was estimated by RIA compari

coTumn (1 1 X TO cm) u51nqﬂbarb1ta1
Spec1f1c act1v1ty of iabelied cGt

ng increa51ng amounts of Tabei w1th a

smaTT’quantity of Tabel\and 1ncrea51ng amounts of unTabeTTed cGtH

similar-to Boiton (1977), and aiso by estimatnng the. per cent of ,

protein radHOiodination (Boiton, 1977) The two methods yiered L

,simi]ar estimates of spec1fic

act1v1ty of approx1mate1y 190 uCT/ug

' One ha]f ml of the protein pedk: from the Sephadex G-50 co]umn was. |

appiied to a Con A—sepharose

(Pharmac1a) coiumn (2 cm3 Con Ax f

-isepharose in a 5 ml plastic syringe) and first eiuted with barbifai

14

o J\ "

.'buffer to remove the nongTycoprotein ]251 cGtH, foiiowed by 0. 15 M

1 O-methyi ~a-B- gTucopyran051de (Siqma) in barbital buffer to obtain

-y Ty .
. %“Qf’
Dt

< v,ﬂ'(‘j N -



glycoprotein ]251—cGtH. The gl& protein 1251-cGtH was diluted with
teleost saTine sueh that each 50 ul injeetign volume contained about
300,000.cpm and an estimated 5 pg . Iﬁtraérteria] injectipns of
]ZSI—cGtH were made with a¥56 1r .11top"syr%n fikted with a |
disposable 30 gauge ¥2§" need] . BSA was radioiodinated and:
.chrOmatqgrephed ow”Sephadex 6-50 (fine) the same as for cGtH. The
‘]251 BSA separazec |+ Sephadex chromatography had an estimateé

| _spec1f1c act1V1ty of 175 uCi/ug.

Gonadotropin radioimmunoassay

Details of the th.RIA have been described (Crim et al., 1976;4
'bHontela and Peter, 1978). The RIA involves e‘competition between
-goldfish GtH iny the eerum or pftUitary samples, end glycoprotein
]Zsi-cGtH with'a 1imited quantity\of specific rabbit anti-cGtH

“antisera.

~

Iﬁtréarferial injection‘procedure
After TMS anaesthesia as déscr1bed above, the fish were
11ght1y b]otted én absorbent paper and weighed (& 0. 005 g). The.
fish were thun wrapped in moistened t1ssue"paper and positioned,
Vz;tra1 side up, in a wedge shaped’ foam rubber support “A mid-
ventra] 1nc1sxon through the hypax1a1 muscu]ature from the Junct1on°
'of the opercu]ar membranes to the base pf the r1ght pectora]_f1n
-exposed the pectora] girdie, WhiTe‘viewihg under a disSectipg
m1croscope, fine- po1nt SCissors were used to cut the pectora]

girdle, exposing the per1card1a1 cav1ty, and retractors‘were used :
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. to spread the pectoral girdle. The injection was then made into the
bu]bous arter1osus, se]ected as the 1n3ect1on site because of 1ts |
thick muscu]ature and vo1ume compensatory function. In most cases
the pericardium was teased from the bulbous .prior to 1n3ect10n
After injecting g]ycoprote1n ]251 cGtH, the need]e was 1eft in
pos1t1on for about 20 heart@beats The 1nc1s1on was filled w1th
phy51o1og1ca1 so1ut1on (Burnstock 1958) and closed with a s1ng]e
suture of 4-0 surg1ca1 thread. In.a11«cases,;resp1ratory and
locomotory movements were regained uithin 8 minuteslofainjection.
Throughout the operative procedure care was taken to prevent any
excessive hemorrhage; fish showing arteria]'hemorrhage\were dis-
carded from the experiment. The entire operative procedure was

- routinely accomplished in less than 5 minutes.

R 125
Tissue — I-cGtH uptake

“After the b]ood sample was taKEn, the flSh was killed by
maklng a V-shaped cut through the spinal co]umn JUSt poster1or to\
the head reglon and the heart was removed to stop’ furt r c1rcu1a— :
tion. ATl t)ssues were trimmed of attached adipose tissue, rinsed
in saline, blotted on absorbent paper and weighed (+ 0.05 mg). The
"gonosomatic index (GSI) for eaéﬁ fish was calculated. as fo]]ows:
| GSI = (gonadal we1ght/tota1 body weight) x 100 After homogen1za-‘
"t1on for 1 minute in 20 per cent- (w/v) TCA (about 10 m per g
tissue) w1th e1ther a Teflon and ground g]ass or a Po]ytron PT 10
homogenizer, the samples were treated in a manner 1dent1ca1 to the

TCA analysed plasma samples;, Muscle samp]es were taken from” the

2

«%'

A
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trunk musculature and hypothalami were dissected as described by

Crim et al. (1976). "

Trichloroacetic acid precipitdtion
' Dupliéate 25 ulvaliquots of test plasma were mixed with 1 ml of
" 20 per cent (w/v) TCA in 12 x 75 mm d1sposab1e glass test tubes.
After vortex1ngq the samp]es were allowed to stand on chlpped ice
for 10 minutes pr1or to centrifugation at 760 x g “for 20 m1nq€§§
" at 4 C. The supern.tants were aspirated and d1scarded and the
prec1p1tate washed with 1 ml of 20 per cent TCA, vortexed, and
centrifoged‘as be%ore. " The pe{]et Was counted in an automatic
' gamma‘radiation'counter. " TCA.precipitable radioacﬁiyity injected
into each fish was determined for stanoardization purooses in

]251 cGtH diluted

jdentical fashion on dup]icate 25 ul voiumes-of
1:4 (v/v) with goldflsh plasma from a pool obtained from male and
female goldfish acclimated to the exper1menta1 conditions. 'The

- recovery of 125,

I=- cGtH as TCA- prec1p1tated rad1oact1v1ty added to-
pool go]df1sh p1asma var1ed but was never less than 74 per cent
The values of TCA prec1p1tated rad1oact1v1ty are expressed as a
. :per cent of the 1nJected dose assayed in 1dent1ca1 fash1on, per m]A'

p]ijma‘after.standard1zat1on toa 59 Bh
_:Ifrr(mnopz'ecipi tation

Rabbit anti-carp (RAC) antisera* concentrations, ranging from

x R gift of Dr. L Cr1m, Marine Sciences Research Laboratory, The

Memor1a1 Un1vers1ty of Newfound]and St. Johns, Newfoundland.

\



~ Fig. 1.

-
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Recovery* of immuhdprécipitﬁted 1251-cGtH after the
addition of éithér 20 11 of buffer (open triangles)

or 20 yl of?buffer containing 75 ng cGtH per 'ml

/. ‘ . -
’(solid triangles). The 1251-cGtH was also added in

a vo]u of 20 u1. The addition of the unlabelled
cGtH‘ﬁoes not affect the 1mmunoprec1p1tat1on of
IZSI-CGtH. Values shown are means of dup11cate

determinations.

* Immunoprec1p1tat1on system cons1sted of 1: 14400 X -

and ] 80 X d11ut10n of rabb1t anti- carp gonado-
tropin ant1sera and norma] rabbit serum, |
~ respectively, in 400 ul of barb1ta1 buffer ant1body

prec1p1tat1on as descr1bed by Crim et aZ (1976)
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1:210 to 1: 73500 d11ut1ons** in sod1um barb1ta1 buffer were tested
for their ability to prec1p1tate vary1ng amounts of 1251 cGtH .
di]uted to 20 ul w1th//ypophysectom1zed go]df1sh plasma The second

ant1body system emp]oyed in these tests was the same as in the GtH

RIA (Crim et al., 1976). A 1:2000 dilution of RAC antisera produced

-a binding maxima tp which the second antibody prec1p1tat1on system |
was them optimized. The se]ected RAC antiserum and normal- rabb1t |
serum (NRS)‘concentrations, 1:2000 x and 1:80 X respect1ve1y, were
“diluted in 400 ul of assay buffer, d1spensed into, 12 x. 75 mm
d1sposab1e glass test tubes, frozen over dry ice and stored at |
-25 C until use. The goat anti- rabbit (GAR) antisera was used at
-a 1:420 dilution in 100 w1 of assay buffer. Incubation times and
temperatures, and centr1fugat1on pvocedures were as described for
‘the GtH RIA (Crim et al., 1976) |

In add1t1on tests were carr1ed out to- demonstrate non- _
interference of endogenous GtH, at phys1o1og1ca1 concentratwons,
_1n the measurement of 1251 cGtH in go]df1sh plasma samp]es Con- :
“'centratlons from 2.5 to 75 0 ng carp GtH per ml of poo]ed plasma =
vere assayed in vo]umes of 20 ul w1th the’ 1mmunoprec1p1tat1on system
~above, . us1ng a wide range of 1251 cGtH concentrataons (F1gure 1)

- To measure ]251 cGtH in plasma from exper1menta1 animals, a
Ls1ngle 20 u1 volume was 1mmunoprec1p1tated using the system as

described above. The 11m1ted supp]y of the RAC ant1sera precluded

kk -Many 1nvest1gators have stated ant1sera titres as d1]ut1ons

‘added to the assay tube. Here1n, a11 ant1sera d11ut1ons *

represent the€ f1nal concentrat1on in the assay tube
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- the poss1b111ty of duplicate determ1nat10ns As with the TCA-
prec1p1tated radioactivity determ1nat1ons, 20 u1 of 1n3ect1on

volume was assayed 1n an identical manner after dilution w1th a
‘plasma pool, for standard1zat1on%gyrposes The spec1f1c binding .
varied between 74 and 83 per cent. The values of 1mmunoprec1p1tated
radioact1v1ty are expressed as a per cent of the 1n3ected dose
assayed in 1dent1ca1 fash1on, per ml plasma after standard1zat10n

to a 25 g BWt.

- Data andlysﬁs‘and statistics

5

The data of the d1sappearance curves or metabolic clearance pro-
f11es (MCP) expressed as a per cent of adm1n1stered ‘dose per ml p]asma,

was curv111near when p]otted aga1nst time (t) on sem1 logarithmic

. paper Each MCP was resolved into the sum of two exponential functions

| in the fo]]ow1ng manner In1t1a11y each MCP was ana]ysed by the
h »method of curve pee11ng (Sh1p1ey and’ C]ark 1972) With th1s method
;a straight 11ne of s]ope B8 and ord1nate 1ntercept B is: f1tted by the
“méthod of 1east squares (Zar, 1974) through the terminal portion of
~‘each cUrVe betweenl30 and 120 minutes. The values at ZO, 15‘ 20 and
30 minutes on the above line. extrapo]ated to t= 0 are subtracted |
-from the 1n1t1a1 part of the MCP between 10 and 30 minutes. A
second 11ne is then f1tted by 1east squares through these der1ved

‘po1nts with slope o and ordinate 1ntercept A (F1gure 11) The curve,

represented by these stra1ght lines  is:

x'(t) = Ae®t 4 pe® (2)
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’ . . . . . ) -
whereux’(t) is the radioactive concentration expressed as a per cent

of injected dose per~m1 plasma at time t. The values of the parameters
A, a, B and B were then used as starting points in a computerized non-
linear 1east squares method BMD-07R (D1xon, 1974). With this program
an error mean square (EMS) 1s}computed for the equatioh!x'(t)‘with 3

" the user-supplied initia],parameters and the experimental data. The
darameters are;then altered'simultaneously, minimizing the EMS to a
usér—specified convergence criterion. In addition to remov1ng sub-
Ject1ve errors of b1as on the- part of the exper1menter, this method ‘

"~ provides advantagesvover "curve-peeling' as the parameters are equa]ly
we]]-determined.and relerant parameter error estimateS'are obtained.

| The va11d1ty of the f1t of each MCP was est1mated by the per cent

varlance accounted for and standard error: of est1mat4 (zar, 1974)

C'omputatwn of plasma metaboltc clea.ra:nce rate, tm,ttal haZf—Z‘Lfe
and volume of distribution

A'varietyvof,computat1ona1‘methods'were employed to determine.the
most reliable and‘error-resistant estimate of the overall MCR (see:
APRENDIX IL). The area’beneath each MCP was integrated anaiytica]ly
from t = 0 to t =120 minutes'(Campbelibet al., 1978a): Integratfon,
“using a numerical method (Normand and‘Fortier; 1970) gaVevva1ues of“
-MCR in exce]]ent agreement with the ana]yt1ca1 method An estfmate'
of the 'primary’ MCR (Campbell et aZ 1978a) was also evaluated.

The values of initial half- 1ife‘(t )‘(see APPENDIX T) 'and'
d1stribut1on vo]ume of the first compartment (V ) were computed using

the formulae of Shipley gndgClark_(1972) and Wagner and- Northam (1967),

vrespectively,
\
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Statistics

//'

A single value for each of MCR, 't and V1 was computed froh

h
each MCP. Since it was not possible toirepeat individual experiments
a number of times the evaluation of the error terms fof'these values
was determined using the general formula derived in APPENbIX III.

. Statistica]ldifferences befween~groups were determined by'ang]ysi§//
6f variancé and the Duncan multiple fange testvor/ﬁhe/StUdénts' t-test

where applicable (Steel and Torrie, 1960). A p value of 0.05 or less

" was considered'statistica]]y'signifiCdnt.

el
PN
7



RESULTS

Part I: 1ntraperitonea1 Injections of cGtH

The results. of the exper1ment u51ng sexually mature ma]e gold-
fish (GSI = 3.41 £ 0. 09%) ma1nta1ned at 12 = 1 C under a 12L:12D
(1ights on at 0800 hr) 1#ght dark cycle are shown in Figure 2. Since
the serum GtH 1eve1s did not d1ffer s1gn1f1cant1y (Duncan s multiple
‘range test) e1ther within each of the contro] groups or between the
control groups at any sample t1me (mean value 3.14 +-0.16 ng/ml),
the uninJected and veh1c1e injected. contro] groups were omitted from
subsequent experiments. Fish rece1v1ng the cGtH had s1gn1f1cant1y '
e]evated (p < 0.01) serum GtH 1evels compared to the control values
at the f%rst sample after inject1on (] hr), and the max1mum 1eve]
(44.67. 4/ 3 72 ng/ml) was, obta1ned 3 hr post .injection.. Serum GtH
remained s1gn1f1cant1y greater than the control values until the 48
hr post-1n3ect1on samp]e, there were no significant d1fferences in
the serum GtH levels between the f1sh receiving the cGtH‘and the
se]f—contro] values for the rema1nder of the sampling period '
d(Figure 2). - :

' . F1gure 3 illustrates the serum GtH levels in sexua]]y mature

~ male go]df1sh (6SI = 2 63 + 0. 23%) ma1nta1ned under “12L: 120/20+1 C.
No s1gn1f1cant d1fferences 1n serum GtH 1evels were detected between
sample times forvthe se]f-contro] values (mean value 11 63 £ 1. 02
fng/ml) Fo]l w1ng 1n3ect1on of cGtH, the max1mum GtH 1eve1

(67 91 + 3.12 n /ml) was obta1ned at 1 hr post-injection. The serum

A - - 24



Fig. 2. -

oS

"The vehicle-injected control group (open squares)

Serum GtH profiles in sexually mature ma]ebgoldfish
at 12 £ 1" C. The 'self-control’ group (open stars)
was samp]éd 7,déy$ prior to'intrapefitonea] injection
of 0.025 ug cGtH per g body.weighi (So]id squarés) at‘

the same time of day as the‘post-injection sample. |

e

hay

received 5 ul1 of teleost saline per g body;weight.

- The uninjected éontro1-groupvis represented by the

~solid stars. There was no difference in GSI- between

groups (pooled GSI = 3.471 + 0.09%);. Values are

mean + SE (N=38 to'14).
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| Fig. 3, Serum GtH prof11es in sexua]ly mature male goldfish

at 20 1" C. The 'self- -control’ group (solid stars)
was samp1ed 7 days prlor to
injection of 0. 025 ug cGtH per g bo
There was no d1fference in GSI'be

d GSI = 2.63 & 0.23%).< Values are}:

a s1ng1e 1ntraper1tonea1

dy we1ght (so]1d o

. squares). tween

groups (pooled

“mean + SE (N=28).
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 Fig. 4.

Serum ?tH profiles in sex@ally mature female goldfish
at 12 ¢ 1°.C. The ‘self—pontrol‘ group (so]id‘stars) 
was samp1ed 7 days bgior to a single intraperitonéal

injection of 0.025.ug CGtH pér‘g body weight (solid

" squares). There was no difference}ianSi between

groups (pooled GSI = 6.91 + 0.80%). Values are

" mean + SE (N = 8).
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'tion to a common BWt of 25 g.

i
}

A senﬁ-]ogarithmic plot of the metabolic cTearance

profile of 1mmunoreact1ve GtH determined inymatureé‘

o male go1df1sh (GSI 2.63 ¢ 0 23%) maintained at

20 E: 1 C. Each va]ue 1s the mean (vert1ca1 bars

‘are t SE) of 8 to 14 samp]es obta1ned by subtract1ng
; the initial pre- 1n3ect1on control GtH value from the

' post—1n3ect1on samp]e for each flSh, and expressed )

as a per.cent of the 1n3ected dose after standard1za-

k]
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Metabolic Cilearance Profile
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GtH leveTS\degllheu from the high at 1 hr until at 24 hr post—inJection e

there was. no longer a ificant d1fference from the presample values

‘The serum GtH profi]e for sexua mature female«goldf1sh :
(6SI = 6.91 = 0.80%) ma1nta1ned at 12 £ 1 ¢c (FTgure\&), is. similar
to that of mature male goldfxsh ma1nta1ned at the same temperature
(Figure 2). The maximum serum GtH value (48.42 ¢ 7. 07 ng/m]) was not
obtained unt11 3 hr after the 1ntraper1tonea1 adm1n1strat1on of cGtH.
The GtH values -of the ¢GtH injected group rema1ned s1gn1f1cant1y
e]evated over the self—contro] values unt11 48 hr post-1n3ect1on
“As in the prev1ous two ‘experiments there were no s1gn1f1cant d1ffer—
ences 1n the se1f—control va]ues throughout “the samp]ing period
(mean value 5.59 + 0.38 ng/ml)

The d1sappearance of exogenous G%H "exprQSEed as a per cent. ef
the adm1n1stered dose per ml serum, ﬁter a single 1ntraper1tonea1
injection in sexually mature male gol&f1sh ma1nta1ned at 20 + 1 C,
was character1zed by a stra1ght line on a sem1 logar1thm1c p]ot .
(Figure 5) 1nd1cat1ve of first-order k1net1cs in a single compart—
ment (Tait and Burste1n, 1964). The serum GtH d1sappearance profiles
determ1ned in sexua11y mature male and female go]df1sh ma1nta1ned at

' 12 £1 C also exh1b1ted well-defined single-order k1net1cs Table
1 summarlzes the resu1ts obtained by ana]ys1s of the serum d1sappear?
' ance prof11es of exogenous GtH, calculated from the data of Flgures :
{g | 2. 3 and 4 after a s1ngle 1ntraper1tonea1 1n3ect1on in mature ma]e
"goldfish ma1nta1ned at 12 % 1 C and 20 ¢ 1 ‘€, and in mature |
fema]e go1df1sh at 12 1 C. The observed d1str1but1on vo]ume (V )

' Obtained'from the three exper1ments suggestsva marked effect of

|
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'temperature‘but no effeCt of . sex. The V of ma]es maintained at 12 =+ T
C (14.53 ml) was 51gn1ficantTy greater (p < 0.01) than at 20 i T c
(9.83Am]). The Vi was not 51gnif1cantly'differentmin”male and female
goldfish maintained at 12 + 1°.C. MR did not di frer 51gmf1cant]y ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
with either sex or temperature in these three experiments However,
the t was significantly Tess (p < 0 01) in male go]dfish maintained
at 20 %) T c than at 12 1° C. There was no difference between the'
. 'tﬁ of male and female fish at 12 T C, the average vaTue being
9.84 + 0.41 hr. The caiculation of pituitary SR 1nd1cated a marked
effect of temperature on this parameter‘(TabTe 1). Since there were
. ho significant differences in the-MCR in the’ three experiments, the
eTevated plysma levels of endogenous GtH in ma]e gonfish maintained
at 20 1 1 1'}(Z:ompared ‘to.those at 12 1 C (Tab]e T) results in- a |
greater than threefo]d increase “in the ca]cul\tEH thuntary~SR\\\\
for the fTSh at 20 £ 1 c (Tab]e 1).

(:

~{Part II: Ovarian Uptake of 125, ¢ cGtH and 1251 _gsa by Fema]e Go]df1sh
AccTimated to 20 £ 1° ¢ - v\

The-uptake of intraarterially injected ]251 cGtH and.]zsl BSA
with time by - the ovaries and other tissues of femaTe goldfish under-
vvgoing gonada] recrudescence (GSI 3. 63 + 0. 56%) is shown in Figure 6
' There were no Significant differences at any sample time 1n the
-specific act1v1ty of . muscie or 1ntest1ne after the 1nJect10n of

'125 125

I-cGtH compared to I-BSA. The ovarian radioactivity 1ncreased '

foTTow1ng the 1ntraarter1a1 1nJection of ]251 cGtH reaching a

maximum at about 30 minutes and then declined gradually as shown in

P



Fig. 6.

_dup]lcate providing at 1east ten observations.

Compar1son of tissue; ‘and plasma k1net1cs of 125

I-cGtH
125 '

(so]id d1amonds) and I-BSA (open d1amonds)

Sexually maturing fema]e go]df1sh (6SI = '3.63 + 0.56%)

?'maintained at 20 + 1 C received 1ntraarteria1
‘1nJect1ons of either tracer before sacr1f1ce at the

» tlmes \shown. Data are tissue and p]asma spec1f1c
.act1vity expressed as a- per cent of the total injected

"spec1f1c act1v1ty A minimum of 5 fish were used for

each sample per1od and a]] samples were counted in

| Vé]ues are mean + SE.

|

! N
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Fig. 7.

\

Sexually maturing female go]dfish (GSI 3 91 + 0.41%)
were acc11mated for at least 10 days to a temperature
of 201 C (12L'120' 11ghts on 0800 hr) before
receiving 1ntraper1tonea1 1n3ect1ons, at 0800 hr, of
eiﬁﬁer 0.50 ug BSA / g BWt (sol1d d1amonds) 0. 35 ug
CGtH / g BHE (half- f111ed diamonds ), or 0. so ug CGtH /

Bwt {open d1amonds) All 1ntraper1tonea1 1n3ect1ons '

."were made in a vo]ume of 5 ul per 9 BWt, us1ng saline
5las a diluent. Three hr later the fish were injected

1ntrdarter1a11y'withkabbut,1,ng'glycoprotein_]251—cGtH

6 cpm) The data shown are mean values

(ca 3.9 x 10
of total radioactive counts for 1nd1v1dua1 ovarian

SQmples. The number in parentheses¢1s‘;he‘number of

- fish and the vertical bars are * SE.
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Figures 6 and 7 The'Specific'activity of. ovarian tissue was signifi-f

cantly greater at 30 minutes in the ]251 cGtH 1n3ected f1sh than in

f1sh 1nJected with 125

I-BSA. In add1t1on the time course of
disappearance of p1asma spec1f1c act1v1ty after the 1n3ect1on of
]251 BSA was very different than that observed after the 1ntra-‘
arter1a] injection of ]251 cGtH ' PIasma rad1oact1v1ty of ]251 BSA
was more than double that of ]251 CGtH at aII samp]e t1mes (Flgure 6)
and the plasma dlsappearance of the foreign protein tracer did not
resemb]e any obvious: negat1ve exponential, in contrast to the pIasma;
vd1sappearance of ]251 cGtH (F1gure 6 and see Part III of RESULTS)
‘Th1s system for determ1n1ng the ovar1an uptake of Iabelled cGtH. |
“prov1des the basis for exper1ments to determ1ne whether un]abe]]ed
cGtH can s1gn1f1cant1y compete with ]251 cGtH for ovar1an uptake
when maturlng female goldfish (GSI 3.91 = 0. 41%) were pre—'

,1n3ected w1th e1ther of two doses of un]abe]]ed cGtH, ovar1an uptake

of rad1oact1v1ty was s1gn1f1cant1y decreased (p < 0. 01) compared to

- those fish wh1ch were ‘pre- 1n3ected w1th an equ1va1ent amount of BSA

,(F1gure 7) _ Furthermore _the amount of 1nh1b1t1on was pos1t1ve1y re-
) Iated to the dose of un]abe]]ed cGtH (F1gure 7) Pre 1n3ect1on of
0. 50 ug BSA per g Bwt did not’ result in decreased ovarian b1nd1ng

of ]251 cGtH (F1gure 7): compared to those fish wh1ch did not rece1ve:

a pre—rn3ect1on (Figure 6) “The finding that sma]I quant1t1es of
125

| unlabelled hormone: effect1ve1y compete with the b1nd1ng of I-cGtH -

1nd1cates that much of the ]251 cGtH was bound at phys1o]og1ca11y

s1gn1f1cant s1tes, rather than adsorbed nonspec1f1ca11y to’ the ovary



(.

125

‘Part III: »C]earance of Intraarteria11y Injected ~I-cGtH -

w
oF

In the clearance experlments, 77 21 f 2.64 (mean SE) per eent
- 'of the ]251 cGtH in the 1n3ect1on vo1umejﬁas 1mmunoprec1p1tab1e with
' excess RAC ant1sera Th1s va]ue is. s1m11ar to that reported for a
-'number of rad1o1dd1nated manmalian gonadotrop1ns (Akbar et al., 19745
Koch et al., 1971; thkallah et aZ., 1969).\-A1so, thev1mmuno-
_preetpitable'counts in the injection-solutidn_did not vary'over the
5 days during’which each c]earance experiment was performed (data not -

léhown) F1gure 1 demonstrates the s 1tab111ty of - the ant1sera
‘d11ut1on used for measuring ]251 cG#c in the plasma of 1ntact gold- ...

“fish. Concentrat1ons of up tc ’5 ng GtH per ml plasma did not

‘interfere with the»1mmunoprec1p1tat1on of 125

I-cGtH ove e range
of plasma specific'attiV1ties encountered‘thrdughout the 120 minute

'”’ samp]1ng per1od of the clearance studies.

A

The p]asma dlsappearance curves of 1ntraarter1a11y 1nJected

' :glycoprote1n ]251 cGtH p]otted on sem1 1ogar1thm1c coord1nates show
the character1st1cs of mu1t1exponent1a1 curves in a]] exper1ments’
(Figures 8, 9 10, 12 13 and'14) . The k1net1cs of d1sappearance
jof ]251 cGtH from the p]asma of goldf1sh in these exper1ments is

_accurate]y descr1bed by. equat10n 2 (p 21, METHODS AND MATERIALS).

125

tE1ghty -nine * 1. 87 (mean + SE for all 1ntraarter1a1 [-cGtH:

c]carance exper1ments) per cent of the var1ance of the p]asma R
rad1oact1ve va]ues 1s accounted for by the f1tted double exponent1a1
‘curves. The mean value for the - standard error of the est1mated '

values from all exper1ments is 6. 01 1 00 (mean t SE) per cent of



y Fig. 8. Metabo11c clearance profiles of ]251 cGtH in'sexda]fy
| regressed female go]dﬁsh (GSI 1.70 ¢ 0. 35%)

maintained at 12,: 1 C. Values are mean t SE (N 5).
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~ injected dose per ml plasma. A two compartment mode] conta1ns the

“mirimum number of pools cons1stent with the exper1menta1 data How-
ever, it is dlff1cu1t to establish a phys1o]og1ca1]y s1gnif1cant
counterpart for the second pool further this type of exper1menta1
data may be equal]y compat1b1e with mode]s composed of mu1t1p1e poo]s

which may better describe the. phys1o1og1c s1tuat10n Therefore,

o a]though the various kinetic parameters app11cab1e to the two- poo]

AR
B

' system may be ca]cu]ated (Gurpide, 1975 Sh1p1ey and Clark 1972
’Tait and Burstein, 1964) from the ]251 cGtH p]asma clearance data, :
: these values are not reported here1n The calculated values of |
overa]] MCR and pituitary SR may be obtained w1thout makxng assump-
tions about the number and nature of the pools exchanglng with the
circulating |2°1-cGtH (see METHdDS-AND'MATERIALS‘and APPENDIX 11).
The/values of th and primary MCR which do necess1tate a two- poo]

:system are 1nc]uded to facilitate comparison with mamma11an hormone
- clearance stud1es. d 7
Pish with regressed gonads "

The plasma MCP's of total, TCA-precipitated ‘and immuno-

1251 Gtn

precipitated radioactive measurements of glycoprotein
determined in sexua11y regressed female goldfish (GSI 1.70 % 0.35%)
" ‘maintained at 12 = 1" C are very similar (F1gure 8). The-lack of

csign1f1cant differences between the three methods of assay suggest

. that only a small amount of radioiodinated degradat1on products are

produced over the 2 hr sampling period. As expected there are..

,few d1fferences between the methods of assay in. the @@qulated

i ; o .
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.V, . :
]

clearance or distribution parameters (Tab1e 2).A Thevaverage valne.
.for V_i in this exper1ment is 0.58 + 0. 01 ml and represents approx1-.v
mately 2. .3 per cent of the standard 25 g BWt. The overa11 MCR was
sign1f1cant1y greater (p <0. 01) when calcu]ated from the immuno- %ane
‘ precdpitated MCP compared to that calculated from either the total ot |
”'TCA—prec1p1tated rad1oact1v1ty MGP s. The average value of pr1mary
MCR (10 58 + 0.15 ml+h" -1 259) 1s much greater than the overa]l MCR
(Table 2) since the calculation of the former s evaluated from the-
‘area beneath the 1n1t1a1 port1on of the MCP def1ned by the first
rate constant. o and ordinant 1ntercept A. -The calculated values of
it&i also d1d not dlffer s1gn1f1cant1y with method of assay 1n
regressed fema1es ma1nta1ned at12+1 C (Table 2) ‘the average

, va]ue being 12. 66 + 0.30- m1nutes .
' The md1t1exponent1a1 MCP s determined 1n sexua]ly regressed
':-female go]dflsh (GSI 1.15-4 0 07%) acc11mated to 20 + 1
‘(F1gure 9) are qu1tg/drfferent

-]

(Figure'S) "At 20 £.1 C it is apparent that“the d1sappearance

©

.or f;sh acclimated to 12 1-C

curve of: total rad1oact1v1ty tends ‘to dev1ate from that of TCA-
prec1p1tated rad1oact1v1ty wh1ch 1n turn dev1ates from that of the
immunoprec1p1tated rad1oact1v1ty (F1gure 9), presumably ref]ect1ng
the appearance in the p]asma of s1gn1f1cant amounts of rad1o1od1nated
degradat1on products The 1mmunoprec1p1tab1e fract1on of the tota]
radioact1v1ty 1n plasma obta1ned‘120 minutes post-injection,
decreased to 1ess than 50 per cent of the va]ue present in the ..
injected mater1a1; As a check of nonspecif1c effects of p]asma upon |

degradation of»lzsl-cGtH. an aliquot of the injection so]ut1on.was



Fig. 9.‘f Metabblic c]earance~profilesvof,1251-cGtH in sexually
regre§sed female goldfish (GSI = 1.15 :-0;07%)

maintained at 20 ¢ 17 c. Values are mean + SE

= s).
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1251_CGtH in sexually

_Fig. 10. Metabolic clearance profiles of
regreésedhma1e goidfigh (GSI =.0.75  0.10%) main-

tained at 20 = 1° C. Values are mean\t SE (N = 5).
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incubated in plasma at 20° C in vitro for~120 minutes. The 1oss of
1mmunologic activity~amounted to 3 per cent It 1s then: not

surprising to note considerab]e differences in the c]earance parameters

- with method of assay in the regressed female goldfish at 20 £ 1 c

(Tab]e 3) The overall MCR, when determined by the 1mmuno-//

R
- precipitation method 1s 150 per cent greater than the correspond1ng
. value calculated from the total radioactivity MCP (Table 3). In

addition, the primary MCR calculated from the 1mmunoprec1pitated MCcp

- is sign1f1cant1y greater (p < 0.05) than that eva]uated from total

radioact1v1ty The initial t& was sign1f1cant1y greater (p < 0. 01)
_ i
when computed using the 1mmunoprec1p1tated MCP (11.67 = 0. 62 m1nutes)

-compared to either the total or TCA-prec1p1tated MCP ca]culated t, 's

Y

(Table 3). From th1s it is clea¢ that the/exclus10n of non- | !
' 1mmunoprec1p1tab1e radioiodinated degradation products is important
for the dccurate determ1nat1on of ]251 cGtH plasma clearance para— |
.meters in sexua]ly regressed fema]e go]df1sh acclimated to 20 * 1° C.
The calcu]ated values' of V do not vary s1gn1ficant1y w1th method of :
| - as®ay, the average value being. 0 57 + 0. 01 ml or about 2.3 per cent
of the total BWt. |

Figure 10 shows the MCP's determ1ned from sexual]y regressed
male goldfish (GSI 0.75 + 0.10%) maintained at 20 + 1 C. F1gure
1 11]ustrates the 'curve- pee11ng method of graphica] ana]ys1s
(Sh1p]ey and Clark 1972; ‘see METHODS AND MATERIALS) w1th the
immunoprec1p1tated plasma metabo]1c clearance profile from regressed

| males at 20 o 1° ¢ (same exper1ment as F1gure 10 and’Tab]e 4).

Table 4 summarizes the results obta1ned from this experiment, S1m11ar s*



Fig. 11.

precipitate

“interval of the curveudescr1bed by x(t).

Metabolic C1eerance profile (MCP) of immunb- ]

d ]251 cGtH determ1ned in sexua11y

'regreSSed male goldfish at 20 trl ” 111ustrat1ng'the

'curve-peeling’ method of’graphfcai analysis (Shipley
and Clark, 1972;_and see METHODS AND MATERIALS). - Th
solid sta&s are mean + 2SE (N = 5). ‘The oben sfafs~
are.points obtained by the $hbtraction of the‘va1des

at 5, 10 15, 20 and 30 minutes on the line of slope

8 and 1ntercept B when extrapo]ated to t —_Q,f$r0m~\—\\\\\

the in1t1a1 part of the MCP between 5 and 30 minutes.

~ The shaded area represents the 95 per cent conf1dence

/.
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N Fig,']Z,' Mefabo1ic clearance profiles. of 1251_cGtH in sexually ~
‘maturing female goldfish (6SI = 4.74 + 0.45%) main-

tained'at 12 + 1~ C. Values are mean  SE (N = 5).
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.to the. regressed females maintained at the same temperature, the
overall MCR in regressed males at 20 ¢ 1 C computed#from the immuno-
precipitated p]asma radioactivity is s1gn1ficant1y greater (p < 0.01)
han that calculated from elther tota] or TCA-prec1p1tated p1asma
‘radioact1v1ty The pr1mary MCR determ1ned from the 1mmunoprec1p1tated
MCP in regressed male go]dfish is less than that calculated for |
regressed fema]e goldfish at 20 % 1 °C but there are no differences
in the overall MCR between the two groups " The reason for the
difference in initial MCR is‘perhaps related to the significantly

greéter calculated value of Vs and the faster t51 in the males, based
on 1mmunoprecjpitation of plasma 1257 _.6tH (Table.4).

Fieb undergoing ouarian'recrudeecenee \
The plasma MéP's of tota1,,TCA-precipitated and'immuno- ‘
precipitated radioactfve measurements of glycoprotein 1251_¢6tH in.

female goldfish undergoing ovarian.recrudescence,are of the usual
‘multiexpohentia1,nature at 12 + 17 ¢ (Figure 12) and 20 % 1# C
(Figure‘13) The comparison of V., MCR and th1 determined from the
three methods of assay for maturing fema]es at 12 +- 1€

(GSI = 4. 74 t 0 45%; Table 5) and at 20 ¢ 1 C (GSI = 5.02 £ 0.35%;
Table 6) suggest that only a small amount of degradation of the N
1njected ]251 cGtH occurred under, each condition. The overall MCR
did not vary 51gn1f1cant1y with method of assay at e1ther 12 ¢ 1 c
or 20 1" ¢ (Tab]es 5 and 6). Furthef, there was no detectab1e
-effect of temperhture on overall MCR. ‘Inecontrast the values of

primary MCR determ1ned from all assay methods were S1gn1ficant1y
L \’ o N € . ‘

B



Fig. 13.

Metabolic clearance profiles of 1251_cGtH in sexually

maturing female goldfish (GSI = 5.02 ¢ 0.35%) main-
tained at 20 1 C. Values are mean + SE (N'= 5).
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greater for the maturing female goldfish at 12 t 1 C than for the
20+ 1 ¢ acclimated fish. The values of V1 were not significantiy
different with method -of assay for the maturing female goldfish “main-
tained at 20 1°‘C (Tab]e'G) "The mean value for V1 caibulated from
a]] assay methods for the maturing female goldfish at both 12 ¢ 1 C
“and 20 : 1’ ¢ represents about 2 per cent of the tota] BWt of the
standard 25 g fish. The 1n1tia1 t ‘was,- SIQnificantly greater

(p < 0 01) in female go]dfish maint;ined at 20 * 1 C than at

12+ 1 C when calculated from either the tota] or TCA—precipitated
radioactiv1ty MCP's. However, there. was no statistﬂcai effect of -

temperature on the values of th when caicuTated from the lmmuno-
i _ .

prec1pitated radioactivity MCP's.

Fish with a mature ovary B ?, S ", | !

 The p]asma MCP's of total, TCA precipitated and 1mnuno- |

|
precipitated radioactive measurements of g]ycoprotein 125

I- cGtH 1n
'sexua]]y mature female go]dfish (6SI = 15.41 % 0764%) are muiti-
exponential in nature (Figure 14).- Similar to results obtained from
‘sexuaily regressed fish maintained at 20 1 C, “but in‘oontrast to
sexually maturing female goldfish, resu]ts obtained on the mature
females at 12-1 1 c u51ng the three methods of assay. suggest the
appearance intthe plasma of}significant amounts of‘rad101od1nated
degradation produotsv The value of overall MCR oomputed from the
-immunoprec1p1tated MCP is 51gnificant1y greater (p < 0. 01) than
that ca]cuiated from either total or TCA-precipitated radioact1v1ty

4 assay methods (Table 7) , Similarly the va]ues of primary MCR V



::jéff?g. 14. Metabolic clearance profiles of 25I-cGtH in sexually

mature female go]dfish (GSI = 15.41 + 0.64%) main-

 tained at 12 £ 1° C. Values are mean + SE (N = 5).
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\

and tB are markedly affected by the method of assay. These data
5 .

reemphasize the‘neceSSity of the immunoprecipitation.method to minie

m1ze the contr1but1on of rad1o1od1nated degradation products of GtH . 4

PRI

in the calculation of clearance and distribution parameters. The . 3%

data shown in Table 7'i]1ustratés'two striking differences in the

125

clearance and distribution of I-cGtH in sexually mature female

(-]

go]dfish acclimated to 12 + 1 C eompared to both regressed and ma-
“turing female goldfish. The value of pr:-ary MCR determined from -
: sexually mature fish, by the immunoprecir -ated method of assay, is.
more thah‘9 times greater the. overall MC+ i alue (Tab]e'7);‘ The pre-’
vious'experiments indieated that values of primary MCR determined by
‘Vthe 1mmunoprec1p1tated a7say method varied between 2 6 and 6.6 t1mes
the ya]ue of overall MCR; S1nce the values of MCR and t51 determ1ned
from the immunoprecipitated MCP's of mature female fish (Table 7) are
similar to va]ues determined 1nhsexua11y maturing goldfish (Tables &
and 6), it is 1ikely the greater est1mates of V in sexua]]y mature
goldfish acc]1mated to 12 + 1° C are a contr1but1ng factor The va]ue
of Vi (1.36 ¢ 0.14 ml) ca]cu]ated from the 1mmunoprec1p1tated assay
method. represents about 5.4 per cent-of the Bwt of a standard 25 ¢
mature fema]e go]df1sh maintained at 12 = 10 C. - ~
Table 8 provides a summary compar1son of results obta1ned from

]251 cGtH, plasma GtH

analysis of the MCP's of 1mmunoprec1p1tated
levels and ca1cu1ated values of the pituitary SR of .GtH from all

1ntraarter1a] 1n3ect1on exper1ments descr1bed above. The GSI of ~*
the sexually mature f1sh group was found to be s1gn1f1cant1y greater

o

Ap <'0.01)-than the GSI of both the 12__v1 Cand 20 1 C
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acclimated maturing.fish groups. ‘TheTGSIgof the two maturing_fish
groups did not differ significantly‘but were both signifioantly
greater (p < 0.01) than the sekua]ly regressed fish groups. The
6SI did not differ between the 12 £ 1° C and 20 + 1° C acclimated

~ regressed temaTe fiSh groups. The ca]cuiated}value of Vi determined
from sexually mature fema]e go]dfish maintained at‘12 s 1 C was

- significantly greater than that calculated from all other groups
(Table- 8) The V, did not differ significantly among the three
groups of sexually regressed fish -the average va]ue (0 59 m1) -
representing about 2 4 per cent of the standard 25 g BWt. A]though
the ca]cu]ated value of V from sexual]y maturing fema]é‘goldfish
_acclimated to 12 + 1 C was Significantiy greater (p < 0.01) than,

k the;ZO ;‘1 € acciimated maturing females,'this value was not
different from any of the three groups of Sexuailyrregressed;fish.

: Tne:tﬁi.of sexualiy'regressed.malgﬁgo]dfisn acelimated‘to 201 ¢
‘was found to be significantly less (p < 0.01) than that calculated
‘from both the 20 £ 1 Cand 12 + 1" C acclimated sexually regressed
femaie'groups“ﬂ In contrast to the infiuence of the sexual state

on the calculated values of t%{ of fema]e fish, the temperature ot}.'
' acc]imation did‘not appear to have a significant influence on tki
~ from both the regressed and maturing fema]e goldfish (Tab]e 8)
The,tki of sexua]]y maturinq and‘mature fema]e groups (mean va]ue
3.87. minutes) were - Significantiy less than the t121 of either group of
:regressed fema]e goldfish (mean va]ue 12 25 minutes) e' |

I differences in primary MCR among the various groups did not para11e1

the ehanges in overa]] MCR. Thus, while the va]ues of overali MCR

*
U

K
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determlned in sexua11y regressed fema]es indicated that at 20 ¢ 1 C,

125I cGtH was cleared from the plasma 1.7 times faster than at

12 & 1 G, primary MCR was 1ncreased significantTy (p < 0.01) with

the decreased acc11mat1on temperature Simi]arly,overa]] MCR 1ncreased
sign1ficant1y with the sexual state of the female fish when acc11mated
to 12 ¢ 1 c (Tab]e 8) whereas primary MCR did not. The ca1cﬁ]ated

.‘va1ue of pr1mary MCR was 200 per cent greater 1n sexua11¥.mature

female goldf1sh ma1nta1ned at 12z 1 ¢ compared to a11 other groups

It may be of significance that at 20 " 1‘ C both the pr1mary and

overa]l MCR ca1cu1ated from sexua]]y matur1ng fish decreased s1gni-

ficant1y {p < 0. 01). re]at1ve to the regressed female f1sh perhaps

: icontr1but1ng to the . e1evated p]asma GtH levels observed in the former B

group (Tab1e 8)“ P1asma GtH 1eve1s appear to be’ 1n‘1uenced by both

temperature and the sexua1 state of the fish. 51m11ar to overa]] | o

- Y

G tH 1evels 1ncreased 51gn1f1cantly (p < O. 0]) W1th the
7sexua}q 3 !»the female fish acc]imated to 12 ¢ 1 C (Table 8)
e ’f'ed and matur1ng fish ma1nta1ned at 20 £1° c, plasma '

GtH 1evels were significantly elevated over the va1ues from 12 + 1 €

C Y

3

" acclimated f1sh The va1ues of SR ca]cu]ated from sexual]y regressed :
fema]es acc]lmated to 20 t 1 C are s1gn1f1cantly greater (p < 0.01)
o than the va]ues ca]culated from regressed ma]e ggﬁdf1s ma1nta1ned
at the same temperature P1tu1tary SR 1s marked]y 1anuenced by k
both temperature and the sexual state of the fema1e go]df1sh SR
is sign1ficant1y greater at 20 & 1 Jhan at 12 3 1 Cin both
'_regressed and maturing f1sh and 1ncreases swgn1f1cant1y w1th the 9 .

sexual state of the female go]df1sh acc]lmated to efther 12 1
’-_or 20 £ 1° C. | S ' =



Fig. 15. Tlme course of ovar1an uptake of 1251 cGtH in sexua]]y
gressed goldfish acclpmated to either 12 1 1 c
(sol1d circles) (GSI = ] 70 £ O. 35%), or 20 * 1 [
h(0pen c1rc1es) (6SI = 1 15 + 0.07%). Data are tQtal
e -radioact1ve counts per g ovary expressed as-a per -
?cent of the total rad1oact1ve counts in the injected

" dose. Each samp]e po1nt is the mean of dup11cate _

‘sambles fromvs,f1sh 1 SE.

_ Results of Duncan ﬁu1t1p1elfange test:

. p < 0.05

“92°c 300 520 120 5 75

¢ 105 75 3 20 15 120
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Fig. 16. Tihe course of testicu1ar‘ubtake of IZSI-CGtH %n
‘ sexually regressed male goldfish (GSI = 0.75 = 0.10%)
ma1nta1ned at 20 % 1 c. Data are total rad1oact1ve
fcounts per g testis expressed as a per cent of the' /
total radioact1ve counts of the 1n3ected dose. . Eachy
' samp]e point -is the mean of individual samp1es from:
5 fish + SE. - - - "Q;///’T
. Results of Duncan'muftiple range test: - s\ls ‘ |

p < 0.05

2 ¢ B 20 20 10 30, 75 15
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Kinetics

F1gu
the ovari

amount of

'ana]ys1s,

dur1ng th

1251 GtH.

120 .minut

goldfish,

75

, , o,
of gonadal uptake of glycoprotein 125 1_oGtH

.4,»,( R

re 15 111ustrates the time course of uptake of ]251-cGtH by

es of sexual]y regressed go]df1sh Although the large
var1ab111ty between individual fish prec]udes a definitiye
it appears that a p]ateau 4n ovarian uptake is attained

e f1rst 15 minutes after the 1ntraarter1a1’1n3ect1on of -

The maximum cvarian spec1f1c act1v1ty occurs at 75 and

es post- injection in cold and warm acc11mated regressed

respective]y. There are no maJor differences in the

overall pattern of gonadal uptake due to acq]1matlon temperature'in«

. regressed

ma1nta1ne
spec1f1c
the 120 m
act1v1ty

dose per

of the in

female fi

females, although at 75 minutes post 1n3ect1on the fish -

d at 12 = 1 c have a s1gn1f1cant1y greater ovarian’

act1v1ty compared to the fish at 20 1° C. Averaged over
1nute sampling period, the value of ovar1an spec1f1c ‘]

for both exper1ments is 1.10 = + 0. 18 per cent of the 1nJected
g ovary Th1s value is equ1va1en to on1y 0.29 per cent
Jected dose per total gonad of a standard 25 g regressed ’

sh. It is 1moortant to note the tota1 radioactivity

counted from each ovarian sample will 1nc1ude the ]ZSI—CGtH

spec1f1ca

"spec1f1ca

jodinated

The

\'-injected

11y bound to ovar1an receptors, in. add1t1on'to non=
11y adsorbed and c1rcu1at1ng 1251 cGtH, and ‘the rad1o- ’
degradation products.. ' R

time course of test1cu1ar uptake of 1ntraarter1a11y

]251 cGtH in goldflsh acc11mated to 20 1 C 1s shown in

. Figure 16, The maximun spe c1f1c act1v1ty of the testh is atta1ned

) £ TN N

::C)_

g



Fig. 17.

1njected dose " Each sample point is the mean of

N

Time eourse of ovarian uptake of 125l—cGtH by goldfish:

undergoing ovarian recrudescence acclimated to either

12 £ 1° C (solid circles) (GSI = 4.74 = 0.45%) or
201 C (open c1rc1es) (GSI 5.02 + 0.35%). Data -

- are tota1 rad1oact1ve counts per g ovary expressed

~ as a per cent of the total radioactive counts 1n the

75 120

‘20 ¢ 3010 20 55 120 75 15
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15 minufes'post-injection. followed by a significant (p < 0.05) decline
to ther20 minute ﬁean value. -‘The value of specific activities averaged
. over the 120 m1nute samp11ng period is 1. 39 t 0.16 per cent of the
B 1njected dose per g test1s and fs not significantly different from
»,“that obtained in the regressed fema]es This. represents about 0.20
f-w:per cent of the total 1nJected dose per. gonad of the standard 25 g
"regressed male go]df1sh . The genera] pattern of gonada1 uptake- ob-
‘ served in sexual]y regressed males (F1gure 16) is s1m11ar to that
seen\ln regressed,fema1es at the same temperature (Figure 15). \The
testicular specﬁf1c act%vity at 75 minutés post-injection»is,_however,
' significantly e]evated'(o < 0.01) over the corresponding ovarian
mean value. » o

Figure 17 shows the time course of uptakesof 125

I'cGtH‘by the
ovarigs of sexually maturing goldfish maintained at 12 = 1°~C'and |

20 + 1° C. Maturing fish acclimated to 20 t lé Cvexhibit a very

rapid increase in ovarian specific activity, reaching'themnaximum .
.value (2.04 t 0.37 per cent of 1njected dose per g ovary) at 15

- minutes poé;*in@%ct1on (Figure 17). After 15 minUtes the_]eve] of -
ovarian specific activity remains relativefy unchanged, althodgh the
Va]ue‘at 30 mtnutes is significant]y less (p <'0n05)'than the‘yalue

_af 15-minutes;'.OQarianvspecific activity of fish maintained at

a 20 ¢ 1 C-is significantly elevated (p < 0.01) over the'values from

cold acclimated fish'at‘]o.*ls'and‘éd mindtes posx-injection; , o
fndicating that the rate'of uptake is faster at 20 1‘ C ‘than at ¢
12 ¢ 1°-C; The max1mum ]evel of ovarian spec1fic act1v1ty was .

inot attained unt11 75 m1nutes post 1nject10n in matur1ng f1sh

-



" Fig.

18,

hEI K

Time course of ovarian uptake of 1251-cGtchy
sexually mature go]dfish (GSI = 15.41 + 0.64%)

acc]imagfd to 12 ¢ 1 C. Data are total radioactive

counts pgé g ovary expressed as a per cent of the

total rad}gact1ve counts in the 1njected dose. Each

sample po1nt is the mean of dup11cate samples from

-5 fish % SE,

Results of Duncan mulfiple range test:

p < 0.05.

12°¢c 20 30 10 55 120 15 °75
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maintained at 12 % Lo(C (Figure 17) The p]atgau level of ovarian
rad1oact1v1ty was not statistically different between the. two groups
of fish, the average value be1ng 1.88 + 0.16 per c@nt of the 1n3ected
dose per g ovary This value represents about 2. 29 pEr cent of the
total 1n3ected dose per gonad of a standard 25 g sexua]]y m@tur1ng
female fish, and is cons1derab1y greater than the same value calde.ﬂy
lated from sexua]]y regressed fish.

The time course of uptake of 125

I-cGtH by the ovaries of

sexually mature goldfish (GSI = 15.41 = 0. 647) acclimated to 12 ¢ 1° C
is shown in Figure .18. In contrast to sexually maturing go1df1sh
acclimated to the same tempqrature ovarian specific activity is
“significantly e]evated to near maximal levels as early.as 15 m1nutes
post-1n3ection. Comparison with goldfish undergoing ovar1an
recrudescence suggests that, e1though.the rate of uptake during the
first J5 minutes post-injection is increased, the sbecific activity
is-significantly less in sexually mature fish (1.60 i'O;OZ per cent
of the injected dose per.g ovary). This vé]ue;‘howeVer, represents
about 6.16 per cent of the tote] injected dose per gonad of-a |
standard 25 g serually meture‘female goldfish, and is moeh'greater_ ,2/
than the sameé value calculated trom both regressed.and maturing'tish.

Distribution of 125I>cGtH.

‘The. d1str1but1on of TCA prec1p1tated rad1oact1v1ty in sexua]ly
-regressed male and’ fema]e go]df1sh t1ssues and plasma, 15 m1nutes
' after the 1ntraarter1a1 1n3ect1on of 1251 cGtH is shown in Tables

9:-and 10. The greatest concentg§t1on of t1ssue spec1f1c act1v1ty



$
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TABLE 9. Tssue and plasma distribution of TCA-precipitated -
o lzsl-cGtH, 15 minutes after intraarterial injection in
sexually regressed female and male goldfish |
(GSI = 2.84 1 0.14% and 1.97 + 0.48%, respectively),
acclimated to 12 + 1° C. | '

Tissue ~ Per Cent of Injected Dose per g
~ A o : Tissue‘; .

' N female - ma1é E
kidney 98.31 ¢ 6.11*  80.01 +10.06 -
spleen 1  24.99.£2.10  30.25 £ 3.52
heart .50 £2.08 10,01 & 1.92
hypothalamus ‘ 8.34 + 2.34 6.02 + 1.53
‘gall bladder” - . 7.89£3.32 . 3.03% 1.09
air bladder 4,31 £0.34 . 3.66 + 0.44
gills R . 4.30:0.52 4.46 £ 0.51

 liver o 3.56 £ 0.33 . 3.54 + 0.49
intestine . 320,35 - 273 :.0.48
eyes . 272%042  1.93% 0N

“oral fat pad 2.73 £ 0.48  2.54 ¢ 0.27
T~ brain® ’ 2.26 £ 0.42  1.25t 0.5
~ ovary ;?Q;}ﬁﬂ | . 1.60 £ 0.11 T
Ctestis T - 140 032
muscle ~ | 1.43 £ 0.20 (4) 1.35 & 017

' P]ésma_(Per<Cent'o¥ Injected

Dose per ml) . 43.48 £3.63 4817 % 3.98

‘a A1l data are mean # SE; N = S'e*cépt'where-noted.

b Gall bladder includes bile fluid.

¢ The bréin tissue includes all of the braih'exgept.léteral and

medial ]obes*df the hypothalamus which were:poo]ed-for']251-¢GtH.,
uptake assay. | » o ' |



TABLE 10. Tdssue and plasma distribution of TCA precipitated
I ]251 cGtH, 15 minutes after intraarteria] injection’ in
sexualiy regressed female and male golgfish

(GSI = 2.84 £ 0.14% and 1. 97 + 0.48%, respectively),

i

'acc11mated to12. £ 1°.C. ‘ -
: ‘ fd
Tissue . L o _ Per Cent of Injected Dose per -
: R T ' Total Organ Weight
female _male—
mscle?  28.60  4.00°(4) 27.00 £ 3.40
kidney © 20.64t1.28  16.80 t 2.11
intestine © 4,52 £0.51 '3.96 £:0.70
gils - . 3.65 % 0.44 3.79 £ 0.43
spleen 2,75 £0.23 3.32 £ 0.39,
liver . o 2.60 % 0.24 12.58  0.36
oral fat pad .. 1.36:0.24  1.27 £0.13
~ ovary. . ~ 1.14:008 0 -
. testis - e 0f3:0.14
‘eyes . 0.87 £0.13 ).62 £ 6.03 .
. heart U 0.63£0. e 5100 T
gall bladder® . 0.63 0.26  0.24 £ 0.09
air bladder . ©0.47'+ 0.04 0.40 + 0.05
braind . 0.23:0.04  0:.12£0.02
‘ ‘hypothalamus - 0.17 £0,05°  0.12 % 0.03
Plasma® (Per Cent of ‘Injected R - o
, ‘Dose per 0.75 ml) 32.58 +2.72 ~ 33.12'+ 2,98

a Total muscle weight calculated as weight of all organs and plasma
. subtracted from total BWt. This. weight would include bone weight.

b"All data are mean t SE N-= 5 except where noted.
Gall biadder includes. bile f1u1d

: d The brain tissue includes all of the brain except 1atera1 and
" _medial lobes of the hxpothalamus which were ‘pooled for 1251 cGtH
. uptake/assay e .

Coe otal p]asma vo]ume estimated: as 3 per cent of standard 25 g BWE.

X

LR



is found in the kidney (Table 9), where it is | more than double that
found in the plasma of female goldfish Apart from the kidneys, the

tissues of female goldfish with concentrations of 125

I-cgtH greater -
- than in the body as.a whole were spleen. heart, hypothalamus;'gall .
bladder, air bladder and gills In males the kidney, spleen, heart,
hypothalamus and gills concentrated more TCAeprecipitated radio- l ’7 _
activity than the. body as a whole (Table 9). It is perhaps surprising
to note the relatively minor contribution, both in terms of ]251 cGtH
tissue specific activ1ty and organ accumulation, of the gonads in ‘
sexually regressed-male and female goldfish However, since ‘ ;‘i”af
gonadotropin is. likely to exert 1ts action on the cell. plasma mem-=
brane (Cuatrecases;l974 Sutherland l972), expressing the data per -(
unit weight could bias the results in tissues such as the ovary and
_testes which have either a relatively small oh changing surface

area to weight ratio (A F. Cook, unpublished observations) Although
tissue specific activ1ty may estimate the tissue metaboliSm/of
]251 cGtH (Table 9), adJustments for the total organ or ti sue weight

must. be madevto assess the contributionoof a particular 0 gan or '/‘,}7

tissue to the distribution of 1251 cGtH in the fish (Tab e lO),

- Table lO shows : that muscle (which bas the lowest tissu

. activity, Table 9) provides a maJor 51te of accumulation of TCA- ':
| j
precipitated radioactiVity lS minutes after injectid/. In contrast

the hypothalamus which has a relatively high specific act1v1ty
(Table 9) plays only a very minor role in the total distribution }f'i'

1251 CGtH (Table l0) O AT a

i



- DISCUSSION

_~ The results obta1ned from Part I of the present study
(Intraperltoneal Inject1ons of cGtH) can contr1bute to our know]edge 'e,
of the reproduct1ve endocrinology of teleost f1shes in a number of |
’Jways A1though a large number of studigés have ut111zed the 1ntra-
:per1tonea1 site for the. 1n3ect1on of GtH (Billard and Escaffre,

© 1973, Nayyar et al.s 1976, Upadhyay, 1977; De Montalembert et al.s
1978; Gordon and Zohar, 1978 Ja]abert et al., 1978; R.E. PetETv-___;;}h
N unpub11shed resu]t% Stacey et al., 1979b), a lack of 1nformat1on

| concern1ng post 1n3ect10n c1rcu1at1ng GtH 1evels has 1imited the1r ot

' 51nterpretat10mw We have recent]y descr1bed the re]at1onsh1p between

n ef,ftemperature and ‘the latent t1me to ovu]at1on after an 1ntraper1tonea1

’"fT?ff1n3ect1on of human chorwon1c gonadotﬁbp1n (HCG) 1n go]df1sh

”**T(Stacey ot al , ]979b) The present study suggests that the increase

in latency to ovu]at1on at 1ower temperatures may 1n part, ;, '75{“
represent de]ayed uptake of HCG from the per1tonea1 cav1ty tOothe f;
.c1rcu1atory system Also, 1t ‘has been shown that 1ntraper1tonea]
injection of cGtH at a dose s1m11ar to that used in the preSent
study, is more effectlve 1n caus1ng ovar1an deve]opment in go]df1sh
.acc11mated to 13- to 14 C at one t1me 1n the daily photoper1od than -
| at other t1mes (R E. Peter, unpub11shed results) The present
'resu]ts indicate that the 1n3ected cGtH will nearly all be c]eared o
from the blood within 24 hr. Further, a know]edge of the p]asma |
\1‘;d1sappearance profile and MCR of GtH after an 1ntraper1tonea] -

injection may contr1bute to the determxnatxon of tbe most appropr1ate'

K / A
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time and temperature at which to administer GtH to effect

ovu]ation and Spawning in a number of commercia]ly jmportant

te\eost species It is poss1b1e that the poor success in the
art1f1c1a1 spawning of a number of carp species (Chaudhuri 1976;
‘Hora, 1945) may in part, be attr1buted to a fai]ure to apprec1ate |

both the rap1d uptake of GtH from the peritoneal cav1ty 1nto the

'_ fEirculatory system an\\the rapid plasma GtH c]earance after 1ntra-

peritonea] adm1n1strat1on at eﬂevated temperatures

&

In c]earance studies based on a single 1nJect10n of tracer :
hormone, 1t is essent1a1 that the tracer enter the vascu]ar system
as a bo]us * The resu]ts obta1ned from the 1ntraper1tonea1 1n3ect1on‘
'exper1ments indicate an gndes1rab]e effect of de]ayed hormone uptake
‘from the per1tonea1 cavity to the c1rcu1atory system-on both ™~ :

clearance and d1str1but1on parameters fhe ca]cu]ated values of V
“after 1ntraper1toneal 1n3ect1on repreﬁents a volume of approx1mate1y.
50 per cent of the total BWt of the standard 25 g go1df1sh These
~values are much too 1arge to represent the true vascu]ar volume in
. "the go]df1sh., In mammals, a number of c]earance stud1es on GtH have:._
‘-demonstrated V to represent from 2 to 7 perycent Bwt (Bogdanove and
' Gay, 1969; 0dell et al., 19673 We1ck 1977). SimiTar V; values of
‘2 to 5. per cent BWt have been determ1ned for go]dfish after 1ntra-

arter1al 1n3ect1on§pf 51 cGtH (Tab]e 8) In add1t1on, the

"{frﬁ*estlmated t (ca 8 5 hr) for cGtH after an 1ntraper1tonea1 1n3ect1on

s much greater than that est1mated from the rate of dec]1ne in serum .
-GtH 1eve1s fo]low1ng the ovulatory GtH surge 1n 1ntact go]df1sh
(Stacey et aZ s 1979a, APPENDIX IV) or that determ1ned after an }
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1ntraarteria1 1njeotion (present study) It is probab]e'that the
apparent lack of effect of - temperature on plasma "MCR after an
1ntraper1tonea1 1nject1on of cGtH (Tab]e 1) is a consequence “of an -
1ncreased rate of uptake into the blood, ba]anced against a higher

MCR at 20 t 1 c, compared to 12 & 2y Cr‘ The difference in the.

time course of uptake - as 1nd1cated by .the dlfference 1n tlming of

the peak levels of, serum GtH fo]lowing 1ntraper1tonea1 1nject1on

(see F1gures 1 and 2), supports this possib111ty . The necessity of -

d1rect 1ntraarter1a1 1n3ect1on of tracer GtH for the study of MCR

is, then, obv1ous
The va11d1ty of the resu]ts obta1ned from the intraarterial
1nJect1on of 125I cGtH is based upon three major assumpt1ons The w
first assumpt1on 1s that the immunoprec1pitatlon system used in the.
present study prqv1des a quantitat1ve measurement of biolog1ca]]y _;;vi
active GtH The/1mmunoprec1p1tat1on of ]251 cGtH in goldf1sh o oo
plasma was deve]oped to avo1d count1ng free rad1o1od1ne or sma]] _

fragments of rad1o1od1nated GtH and 1nc1ud1ng these as 1f they were . J

~ intact GtH molecules in the determ1nat1on of GtH clearance and

d1str1but1on va]ues. Compar1son of the resu]ts obta1ned w1th the
1nmunoprec1p1tat1on method to those determined us1ng TCA—pfec1p1tated
or total rad1oact1v1ty, demonstrates that under certa1n phys1olog1ca1
cond1t1ons the contr1but1on of non- 1mmunoreact1ve rad1o1od1nated
fragments can: marked]y a]ter the ca]cuTated c]earance parameters |

(Tab]es 2, 3 and 7). However, it is poss1b1e that- the 1mmuno- i

;prec1p1tat1on«system may measure rad1olod1nated Gt&kghat.ibes not,

. possess full b1o]og1cal act1v1ty Therbest”ev1dence that the antisera

g
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"_ used‘in the present study does provide quantitative measurements
of bio}ogicatly active GtH are the results of our recent study’
‘(Stacey et al., 1979%; APPENDIX IV) in which the periovuiatory
'_ pattern-of immunoreactive serum GtH levels of sexually mature femalet
goldfish are described Aiso, a number of studies have shown that
carp (Breton and Weil, 1973; weii et al., 1975) and goidfish
(Crim et al., 1976) respond to inJections of LH—FSH/RHx
‘(1ute1n121ng hormone-follicle stimu]ating hormone/releasing hormone)
by an elevation in circu]ating 1nmunoreact1ve GtH Tevels, Since
_LH FSH/RH can 1nduce germina] ve51c1e migration. and breakdown in '
?icarp (Soko]owska et al. ad978) and ovuiation in the go]dfish (Lam
‘et al. 5 1975 Lam et aZ 1976), it is probabie that the GtH RIA

- " and the 1mmunoprec1pitation technique emp]oyed in the present study

-

prov1de quantitative measurements of bioiogicaliy actiJe GtH

125

The second assumption is that the giycoprotein I- cGtH

empioyed in the present study is 1ndistingu1shab1e from endogenous

: goldfish GtH in terms of clearance and distribution A number of

125

E findings herein 1nd1cate-that the "7I- -cGtH is not treated as a

foreign protein by the fish and'that it has biological act1v1ty,
which supports the vaiidity of th1$ assumption First the resuits

©of PART Il of the present study demonstratevmagor d1fferences in the"“

1255, ¢

p]asma clearance and ovarian uptake of cGtH compared to a

sinﬁ]ariy radioiodinated foreign prote1n, 125,

125

I-BSA ~ The pro]onged
f'plasma clearance of the foreign tracer | :

“1- BSA re]ative to the
labeiled cGtH (Figure 6) is in agreement With the work of e etSer>f

’»;et al. (1973) Their data demonstrate great]y increased values of
. D / . .



5*‘;Lunenfe1d and ‘Eshkol, 1967 Leidcnberger and Reichert, 1972,

t5i f ‘311 ovine luteinizihg hormnne in rams when the tracer '

Fy

'}preparation was not purified by both gel fi\tration and ion exchange
_chromatography, or stored for extended pEriods prior to injection,

»\suggesting that impure or 'damaged' iodinated hOrmone is characterized

- by a prolonged p1asma ts In addition, the in vivo competitive

'uptake experiments demonstrate that much of the gTycoprotein

1251 cGtH Was bound at phySiologic ovarian receptors, rather than.'x”
;;adsorbed nonspecifically to the ovar. of sexua]ly maturing female
: go\dfish Aiso, the finding that thg sbxua] state of the female.

"‘goldfish influences the amount of ovarian uptake of ]ZSI—cGtH .

~a

"g suggests:that the rad101od1nated honMone retains biologica1 activ1ty

Further, we have’ demonstrated (A. F. Cook, G. A Longmore. and R.E. Peter.rii

«Unpubiished observations) autoradiographic localization of ]Zsl-cGtH ‘

' fin speCific fo]]icle cells of the maturing goldfish ovary The,:

:p'topographic 1ocation of some of the heaVily 1abe11ed ce]]s in the

: theca1 1ayer around oocytes is 51m11ar to that described for the

presumed ster01dogenic spec1a1 thecal cel]s of the preovu]atony

v'~‘f0111c1e in the goldfish (Nagahama et al., ]976, HoarJand Nagahama, ,

f"u1978) Also, 1t has been shown that a “number of. mammaiian gonado-

g %tropins retain 51gn1f1cant amounts of their originai bioiogical
yactivity when 1odinated by methods 51mi1ar to'that emp]oyed 1n the
'fpresent study (human chorionic gonadotropin Midgely, 1966

: luteiniZing hormone Koh]er ‘et aZ s 1%68* Kannerman et al.» 1972,

‘;;"Danzo et al . 1972) It wou}d appear then that the radioiodinated

7 cGtH empioyed”’h

-~
~

fthe present study is a vaiid tracer" to gain informa- .

3
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V'tion concerning the clearance and distribution of endogenous | f;fi =
ggldfishetn SR R |

The' third majon\assumption. that a steady-state of GtH secretion
_existed during the course of each clearance study (see APPENDIX II),
1s suppTrted by the recent study of Hontela and Peter (1978) These ’

Zworkers described the infiuence of temperature, photoperiod and {.

‘sexuai condition on the daily variations in serum GtH Ieveis-in the.
jfema]e goidfish “In contrast to goidfish with a regressed gonad
sexua]]y maturing and mature femaie goIdfish had significant daiiy
riations in serum GtH Ieveis éHonteIa and Peter, 1978) Their .
~'data indicate that during the period of the photophase in which the o
| present ciearance studies were performed (0900 - 1400 hr), serum |
'fi:GtH Ieveis are either constant pr show variations of sma]i.'
“t;fmagnitude reiative to other periods of the daiiy pattern Aﬂso; f,
'}znone ‘of the experiments were’ done on fish undergoing ovuiation,n -
f'; which is: known to be caused by a Iarge surge of GtH (Stacey et al s
'n_41979a. APPENDIX IV), and may entai] changes in the kinétics of GtH
s The resuits obtained in the present study desqribe for the
v Tfirst time in a teIeost fish some aspects of the dynamics of the '
o phySioIogy of GtH during an annua] reproductive cycie | Whth the

reservations. ¢ discussed above, the importance of the study 1s twofoid

v Figst, it permits an assessment of previouj studies based on C1rcu-' B

L ‘iating.GtHHIeveis, and mdy therefore contribute to our knowiedge of -

| is a knowledge o? the“GtH' Iearance -and distribution parameters 1n

i

an ectothermic vert bgate of interest for its own sake, but comparison

-

‘iSmS'réguIatjng_tf eq" .eproduction Second]y, not oy .
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with slmilar studies on some mammalian species (see below) may pro- '
"~ vide a valuable contrlbut1on to the overall understanding of hormone
V:‘clearance ' | |
' The overall plasma MCR of 1251 cGtH varied during the three
- stages of the annual reproductlve cycle of female, goldf1sh At
12 ¢ l C, overall MCR 1ncreased with ‘the 1ncrea 1ng state of
v'ovarian development (Table 8), ) that 1n Mareh, sexually mature
:female goldf1sh show a 150 per cent 1ncrease in the overall MCR
»compared to sexually regressed female goldf1sh 1n August and |
” ‘September At 20 t l G however, overall MCR does not appear to -
- vary apprec1ably between Sexually regressed and maturing female
'”tgoldf1sh The f1nd1ng that overall MCR 1s greater at 20 lo'C'
'than at 12. i l C in sexually regressed f1sh, but not in sexually.
_maturing fish, emphasizes that both temperature and’ the sexual
- ‘A

istate of development can 1nfluence the overall plasma MCR of GtH

/
There is no clear trend 1n the calculated values of pr1mary

f._ MCR in relat1on to either Sex, state of ovarian development or

'temperature The pr1mary MCR determ1ned in sexually regressed male
goldfish ma1nta1nedvat;20 t 1. c is Tess than' that of sexually N
reéressed'females'acclimated to either 20"-.t'l° Cor 12t l°;C. |
'Values of pr1mary MCR of both groups of regressed female goldfish
‘-f;were sim1lar to those of 12 + l C accl1mated matur1ng females and ‘.
| were greater than the matur1ng females ma1nta1ned at 20 t l c. The
sexually mature females ma1nta1ned at l2 + l C showed a twofold |

' 'increase in primary MCR compared to: all other groups The marked

'increase in the pr1mary plasma MCR-of the sexually mature females ,Z

oy
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ma} be.related to'their increased value'of E# (Table 8). ; An fncrease
in the rate. of ‘transfer of the labelled hormone from the vascular
pool into the tissue Spaces could contribute to the observed

" elevated vaTues of primary MCR and V1 in these fish The possib]e-
physio]og1ca1 1mp11cations of th15 result are riot known |
- & PTasma GtH levels also show marked differences 1n response to<‘
the temperature of acc11mat1on and reproductlve state. The p]asma'
GtH level of sejpaTTyﬂregressed females- ma1nta1ned at 20 ] C is
near]y four times greater than that .of 12 + 1 C acc11mated
regressed female go]df1sh SimITarly, there is a marked increase |
' 1n pTasma GtH Teve]s of 20 ¢ 1 C acc11mated maturing goldf1sh
' compared to maturing fema]es maintained at 12 2 1 ‘C; At both ‘
]2 * 1 C and 20 + T .C the p]asma GtH- ]eve]s increase through the
three stages of\jhe annuaT reproduct1ve cyc]e of femaTe go]df1sh ‘
examlned in the present study These data are similar- to resu]ts
reported by other workers (Honte]a and Peter, 1978, Gi]let et al.,
| 1977 1978), wh1ch aTso demonstrate an 1nf1uence of both temperature
»T and state of gonadaT deve]opment on c1rcu1at1ng GtH Tevels Slnce
‘ overa]] MCR changes dur1ng ovar1an deve]opment and w1th temperature, _”‘T
it 15 clear that measurement of static GtH concentrat1ons in the |
' serum or pTasma prov1de onTy a limited assessment of the. GtH
‘\4baéﬁics in a part1cu1ar phys1olbgwc s1tuat1on T "1 .
N '. The caTcuTated values: of V vary between 2 and 5 per cent of
.:w the standard 25 g Bwt gonfTsh in the present 1ntraarter1a1 :
1nject1on experlments The Targest V was found 1n sexuaTTy mature

\,

' fema]e goldf1sh acc\imated to 12 i 1 gj(Tab]e»B) These vaTues for o

.,&rfu51~ "

ol



V in the goldf1sh are s1m11ar to those reported from a number of

claarance stud1es done on mammals (see above)

The ca]culated ‘values of tg are unaffected by the temperature

- 93

of acc]imatlon in both regressed and sexua]ly maturing female gold- :

_ fish. The f1nd1ng that the t. values are substant1a11y greater ,

k
1n sexua]ly regressed female glldf1sh compared to both matur1ng
and mature fish suggests that GtH may have more physio]og1ca1
importance in the latter two groups A number of stud1es have |
demonstrated ‘that the ca]cu]ated values of t 1ncrease with

4y .
decreas1ng b1o1og1ca1 activ1ty of the hormone (de Kretser, 1973),

and, 1n the present study, the forelgn prote1n 125

I BSA was found
to be c]eared much more slowly than ‘the ]251 cGtH. It is poss1b1e
that some a]teratxon in the metab011c c]earance mechan1sm of
g]ycoprote1n GtH occurs at a stage ear]y in ovarian recrudescence,
and is respons1b]e for the observedBdec11ne in ca]cu1ated values of
tg__ | It may a]so be re]evant to note that teleost g]ycoprotetn
GtH S, although apparent]y devo1d of b1o]og1ca1 act1v1ty in the
process of v1tellogen1n uptake are very potent in f1na1 oocyte
maturation (Ng and Idler 1978a,b and see INTRODUCTION) However,
51nce a salmon g]ycoprotehn GtH is capab]e of 1nduc1ng oocyt: =

- maturation (Ja]abert et aZ o 1974), as well as st1mu1at1ng cyclic

| adenos1ne monophosphate act1v1ty 1n the ovary (Idler et al., 1975;
D R. Id]er, persona] commun1cat1on) and 33 P~ 1ncorporat10n 1nto ch1ck

testes (Id]er et aZ., 1975), 1t is probable that the te]eost

'. g]ycqprote1n GtH s are 1nvo1ved 1n a variety of reproduct1ve pro-=

: _~cesses.; The resu1ts reported by Honte]a and Peter (1978) a]so ﬁvi,;ﬁffﬂ

2 ~:’ ’ ‘\ "

*
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demonstrate differences in the bl§°d ieve]s of glycoprotein GtH

between sexuai]y regressed fema}f go]dfish and both maturing and
mature fish. Their findings inﬂgcated that sexualiy regressed goid-~.
fish either did not. show significant dai]y variations in serum
inmunoreactive GtH levels under different environmenta] regimes or "~
showed daily f1uctuations congiderabiy smaiier in magnitude than, ?
those of fema]es undergOinE}ovarian recrudescence or mafure-. femaies.-
(Honte]a and Peter, 1978; Peter and Honteia, 1978) It wouid appear

‘ .
that a number of aspects of: the g]ycoprotein GtH dynamics are L

DI AR
f

;o

markediy different between sexua]]y ‘regressed, “and both maturing T
and mature female go]hfish ‘f' N ﬂ; | o o 'ei-i
The finding that the overa]i MCR and thi can change during the

annuai reproductive cycie of the femaie goidfish is in contrast to

the resuits neported in a number of mammaiian ciearance studies.

. For- example, Akbar et al. (1974) demonstrated reiativeiy constant :

rates of piasma metaboiic clearance for ovine 1ute1nizing hormone ’
(oLH) and ov1ne fo]lic]e stimulating hormone (oFSH) in ewes during'
the mid 1utea1 and fo]iicuiar hases of the ‘estrous cycie, and on
~the day of estrus A]so the piasma MCR of rat pro]actin (Koch |
et al., 1971), iuteini21ng hormone LH) and foiiiclekstimuiating

hormone (FSH) (Eder and Lipner, 1970 Bogdanove and Gay, 1969) are

v not 1nfiuenced by the estrous cycle. . ' Limited data also suggests o

that the p]asma MCR of human chorionic gonadotropin (HCG)
(Rizkai]ah et al., 1969); human LH (KBhier et al., 1968) and human '

. FSH, (Cob at L., 1969) do not differ during a number of different
' physio ogicai states. Sg
: SR o
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".,pituitary SR inﬁsexuaiiy mature fema]es maintained at 12 * 1 C

i

v .‘, . ' . ')‘ ‘| ] < . ‘
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The resuits of the present study provide the f1rst quantitative .

' evidence 5uggestigg that the pituitary giand SR of GtH Changes
:.throughout an aﬂhuai reproductive cycievin a te]eost fish The' -

i
S~

o s higher than in recrudescing or. regressed femaies acciimated to :

' the same temperature, and is equiva]ent to the4caicu1ated SR. for
ﬁ’_recrudesc1ng females at. 20 - 1 (Tab]e g) In addition, the effect
' of tempenfture on plasma GtH, Teveis (see above) may be attributed '

'to increased secretion rate by the pituitary g]and (Tabie -8).

‘Aithough the infiuence of temperature on the caicuiated va!ue of SR ;.‘

B is-more pronounced in sexuaiiy regressed fnsh than in fema]e fish
under901ng ovarian recrudescengg. the abso]ute 1eveis of SR are
) con51derab1y greater in ihe iatter group (Tabie 8). |
“A number of studies have demonstrated that c1rcu1ating GtH | :
levels graduaiiy increase as the gonads progre551ve1y mature, from '
a 1ow GtH 1eve1‘%n immature fish to higher vaiues in mature flSh
(Crim et al., 1975 Breton et aZ . 1975, Breton et al., 1977) w1th
.a marked and tran51ent eleVation of c1Lcuiating GtH at ovuiation and

spermiation (Breton et aZ 1972, Crim et aZ s 1975 Stacey et aZ ‘s
1979a, see APPENDIX IV) This has 1ed to the hypotheSis that ‘ |

~

- incremental biood 1eveis of GtH are required to stimuiate progre551ve o

v' deve]opment of the gonads (see Peter and Crim, 1979; Peter and- Honteia,

1978) The resuits of Honteia and Peter (1978) suggest that daiiy

fluctuations, or surges, in. biood‘leveis of GtH are aiso of ymportance

in, stimulating gonada] deveiopment ‘The present resuits indicate Lt

that the changes in biood ieve]s q‘iGtH seen during progre551ve _
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: maturing fema]e go]dfish group It is possib]e that the observed

“the- maturing femaies maintained at 20 t 1 C; Aithough the plateau _i L

.gonadai development are a ref]ectioﬂ of progressive increases 1n f
| 'pituitary sa"er GtH R

fincrease in. pituitary SR of the warm acclimated females 1s not/

o

‘\‘\ . A v“\

//

A number of studies have speculated that the e]evated plasma

‘;hﬁor serum GtH levels determined in recrudescing fish exposed to warm

-

h temperatures are a. resu]t of an increased rate of pituitary GtH o Ef
\ secretion, and are stimulatory to gonadal recrudescence (Gillet -

i et aZ.. ]977 Gi]]et et al., 1978) Tﬁe present study provides %

quantitative 1nformation supporting the hypothesis of the. stimulatory

:effect of warm temperature on GtH'seoretion. However, 1n the present

| study, the GSI of the maturing flSh group” acclimated to 20 & 1 .C/

for 14 days was not greater than the GSI of the coid acclimated

;;reflected by an 1ncreased GSI because of the re1at1ve1y brief

‘ ‘exposure to the stimu]atory temperature m“_,_\,aa f“ . ?C, v

s

The rate of ovarian uptake of 1251 ¢GtH in 12 1 o acclimated

fisexuaily maturing female goldfish was con51derab1y 1ess than that of

'»»sievel of ‘ovarian spec1fic act1v1ty attained did not differ in these
Hvtwo groups, it was considerab]y greater than that of any of the
:,’groups of sexuai]y regressed fish There were no maJor differences ~
'in ‘the overa11 pattern of uptake between the sexuaJ]y regressed 'fd,‘“
-qufema}e fISh acclimated to either 12 1 or 201 C, or to | -
f‘regressed maies maintained at 20 1°:pf~ The rate of uptake by the i

v ;Athan that of either the maturing or regressed fish a]though the

”iiﬂ}ovaries of sexualiy mature fish maintained at 12 ¢ ] C was greater .f’g'*



' plateau level of ovarian rad1oact1vity was 1ess than that of both
, groups of. sexua]]y maturiqg fema1e goldflsh " The finding that the 5;, T

~ time course of gonadal uptake of g]ycoprotein ]251 cGtH varies

'3F. dépending on the state of sexual devé]opment and temperature may .R_

c]ariky a)number of findings out11ned above. The absence of a ﬁdf,;““’y‘

difference between e1ther theirate of ubﬁ::e or the p1ateau levels’

of ovarian\zpecific act1v1ty in sexua]l gressed female. goldf1sh

- maintained t12+1 C and 20 ¢ 1 C may be respons1b1e for the lack

| of effect on~GSI of the e]evated SR and plasma GtH" 1eve1s in. the -
latter group It is possible that the relative]y Tow 1&vels of

*,radloact1v1ty accumulated 1n the gonad of the sexua]]y regressed
ffemale fish may ref]ect a stateoof unrespons1weness to c1rcu1at1ng

el |

o _ a

g The effect of temperature on the t1me course of uptake of
, ]251 cGtH.was more ronounced 1n sexua]]y matur1ng fema1e goldfish
".f(F1gure 17) than 1n’f1sh w1th a regressed gonad (F1gure 15)

‘20 E3 1 C the rate of - ovar1an ]251 cGtH uptake by sexua]]y matur1ng
f go]df1sh dur1ng the f1rst 20 m1nutes pbst 1n3ect1on was much greater ;1}3
f“: than that of 12 + ] C acc]xmated flSh This may have ‘some causa]

. effect 1n 1nduc1ng more rap1d gonadal recrudescence at wann tempera-

:;tures although tne maxamum 1eve1 of rad1oact1v1ty 1ncorporated 1nto _
:'ffthe ovary d1d not d1ffer between the two groups From these resu]ts, f "
hi;,and effects on p1tu1tary SR and plasma GtH levels out11ned above, it ‘4
: ﬁ:can be hypothes1zed that temperature may hnfluence ovar1an recrudes-.:
fjcence in the. go]dfash 1n at least two ways | Ris1ng water temperatures

fﬁ'in the spr1ng could increase the p1tu1tary SR and b]ood GtH. 1evels, _1\'(
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caus1ng an.lncreased metabolic response’ by the ovary and/or the
response of the ovary to the c1rcu1at1ng GtH levels may be d1rect1y
affected by e]evated temperature Whatever the mechanism, it is

' c1ear that quperature plays a very 1mportant role in GtH phys1o]ogy‘

and ovar1an recrudescence in the: go]df1sh

'

The f1nd1ng that sexua]]y maturing. fish exh1b1t greater ovarian
1ncorporat10n of g}ycoprote1n 1251 -cGtH than the regressed f1sh at
both 1251 € and 20 ' C (Figure 17) may 1n part be reflected by

. the decreased tg va]ues for GtH in the matur1ng fish. It is
‘ i
1nterest1ng to specu]ate that in the sexua]ly regressed fish the

ovary. is re]at1ve1y unrespons1ve to the c1rcu1at1ng glycoprotein GtH

which in some manner contr1butes to the observed e]evated values of

-

—

tli (Tab]e 8) but after some stage ear]y in the process of
i

recrudescence e1ther ‘the number or aff1n1ty of ovarian receptors
1ncreases concomitant with decreased values of t,!1 . Perhaps such
an a1teratuon in the response of the ovary to c1rcu]at1ng GtH may
‘also be re]ated to the onset of a p051t1ve response of the
p1tu1tary gonada] ax1s to an e]evated temperature

, The f1nd1ng that the ovar1es of sexual]y mature fish ma1nta1ned
f at 12 + 1 C show a more rap1d 1n1t1a1 uptake of g]ycoprote1n
'lzsl-cGtH (Figure 18) than found in sexua]]y matur1ng female go]df1sh
acc11mated to the same ;Emperature suggests also that the capac1ty

A

aof the ovary to b1nd c1rcu1at1ng GtH 1ncreases as deve]opment of the -

', ovary proceeds. The s1gn1f1cant decrease 1n the p1ateau Tevel of

’ovar1an spec1f1c act1v1ty of- the sexua]]y mature fish relative to

" the matur1ng fish is- like? ly % ated t. the 1arge decrease in the

F}. o
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ratio of surface area to volume of the ovary of sexua]]y mature fish .
and the 1ncrease 1n yolk content of the mature ovary It is obvious
much work is required to direct]y addreSS'this 1mportant probiem of
‘the relationship of ovarian GtH bindingrand'the annual reproductive .
cycle : | | |
TCA- prec1p1tated radioactivity was found in al] the maJor tlssues

of the go]df1sh 15 minutes after an- 1ntraarter1a1 injection of
]Zsl-cGtH (Tables 9 and 10). The flnd1ng that the k1dney was the
major site of accumu]at%on (98 per cent of 1nJected dosevper g a
kidney; Table 9) provides the first evidence in te]eosts'that
uptake of GtH by non-target t1ssuewmay p1ay an 1mportant role in
regu]at1ng circulating hormone levels and may contr1bute to the .
~ short c1rcu1atory tki. Large increases in the half- 11fe of

circulating LH occur fo]tow1ng nephrectomy of sheép (de Kretser
| et al. ; 1973) or castrated male rats (Gay, 1974). A number‘of
\mamma11an studies have also shown that the k1dney has a large
capac1ty to accumulate and catab011ze LH (Butt et aZ .5 1974;

Braunste1n et al., 1972, Asco]1 et al. i 1976; de Kretser et al., .
1973). It shou]d be noted however, that the pr1nc1p1e mechan1sm
by whlch 3H oLH is _removed from the c1rcu]atory system of the rat
is by g]omerular f1ltrat1on (Ascoli ajd Puett, 1976b) These -
workers have a]so demonstrated that serum chromatograms are
characcer’ zed by two b1o1og1ca11y act1ve, mo1ecu]ar we1ght
" compor >nts. following an intravenous: injection of 3H-oLH in the

\rat (Asco]i and Puett, 1976a,b). A lTarge molecu]ar we1ght fract1on

1nvolves non-covalent interaction with c1rcu1at1ng.prote1ns_and is
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_c]eared very slowly, ma1n1y due to reduced ur1nary extract1on f, | fgquj
'(Agcoll and Puett, 1976b). A second component was_co- |
:chromatographed with H-oLH and was cleared similar tg the 1n3ected
3H-oLH These authors suggest that. the high mo]ecu]ar we1ght frac-
ft1on due to its relatively 1ong c1rcu1atory ha]f—11fe, may
regresent a phy51olog1ca11y 1mportant c1rcu1atory storage fonn of
LH. It would be very 1nterest1ng to ‘determine 1f the clearance
~ rates and rena] extraction of the dlmer forms of some teleost GtH S,
wh1ch are known to be biolog1ca11y~act1ve (Ng and Id]er 1978a b),
are different from that of the monomer: GtH. Also, it would be
vinterest1ng to detennlne the clearance rate of GtH in fish hﬂth -
'altered renal function to better ascertain the poss1b]e rale of ‘the
k1dney in the regu]at1on of c1rcu1at1ng GtH Tevels. _

* Tissues of the sexually regressed female go]df1sh other than ::'

the k1dney, that accumulate 125

1-cGtH greater than the body as a
who]e 1nc1ude ‘the sp]een, hypothalamus and g1lls (Tab]e 9).
‘vHowever, Table 10 illustrates that when, tota] uptake by the musc]e
- [ass is accounted for, this tissue is seen to be a maJor s1te of
]oca11zat1on.- Whether muscle plays a role in degradat1on of the
hormone is not known. The comparison between male'and-fema]e
go]df1sh d1d not revea] major sex differences in the" t1ssue
d1str1but1on of g]ycoprote1n ]251 cGtH when expressed as e1ther
_.uptake per un1t we1ght of t1ssue or per total Prgan we1ght 'r
(Tab]es 9 ‘and -10). The f1nd1ng that the hypotha]amus 1ncorporates o

»-more ]zslécGtH than the rest of the brain is 1nterest1ng in view

~ of the’ role of.the hypothalamus. in the regu]ation of GtH seoretfon

)
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(Peter et aZ., 1978;. Peter and Cr1m, 1979} However, slm1lar results
| were naot -obtained w1th sexually matur1ng f1sh where the 1251 cGtH

uptake of the hypothalamus d1d not differ from the rest: of the lu

brain (data not shown) Further,‘hone of the rad10act1v1ty -

lncorporated by the hypothalamus was d1splaceable w1th excess

unlabelled CGtH 1n sexually maturlng'female gpldf1sh e reason
for the d1screpancy 1n ]251 cGtH uptake by the hypothalamus between'v

the regressed and matur1ng female goldf1sh 1s not known

The values of ) for cGtH determ1ned in the present study are'f"fﬂ”

‘ i
very d1fferent from the publ1shed values for a number of - mammal1an

*f{gg roplns (e g see Tables ll l2 and l3) The largest

calculated value of tLi for cGtH detenmlned from sexually regressed '
i o

female goldf1sh maintalned at l2 C (ca l3 m1nutes)
1s cons1derably less than the w1dely quoted th- value of 30- m1nutes‘
for LH in the rat (Bogdanove and Gay, l969)‘ The goldf1sh cGtH

t% values are also less than the most recent est1mates l5 to 20
i

m1nutes) of LH tk in the rat (welck 1977; Campbell et aZ . l978a b)/

. i .
* However, the plasma pr1mary MCR for LH in the rat (8 to 11 './/

ml -h%'-100g7" NEle 1977; Campbell et al., 1978a,b) is s1m1lar to // -
that determ1ned for cGtH 1n the goldflsh although the MCR of LH/ln

; human subJects is substant1ally less than in the goldflsh *
(0 0 ml -h’ -1 -25g~ ) (Kohler et aZ '1968) - A number of studies

have demonstrated that FSH and HCG are cleared much more slowly than
b ]

LH in a varlety of mammallan spec1es in terms of both an 1ncreased

-

B tg and a decreased MCR (Bogdanove et al., l975 R1zkallah et aZ s

\'1969; see Tables ll 12 and l3), suggest1ng ‘that the clearance of
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‘Severa] poss1b111t1es may exp]a}n why the ca]cu]ated value of t,

'pof GtH by the k1dney 1s, in part responsib]e for the faster t

- .
!

“cGtH in the go]df1sh more closely resembles that of LH than other

.tk for cGtH in the go]dflsh compared to those. for LH or FSH in

05 . -

‘mamma11an gonadotrop1ns Since the smaller ca]cuTated va]ues of

mamnallan spec. 'S are not 1ike1y to be attr1buted to a d1fference‘l

in distr1but1on volumes (see above), it is p0551b1e they ref]ect -

major differences in the animals metabollc clearance mechanlsms

P

128 i

for I-cGtH in the. go1df1sh are ]ess than the corresponding

values for mamma]1an gonadotrop1ns

T8

Flrstly, it is poss1b]e the decreased va]ues of t, for

o

go]df1sh GtH compared to those determined for mamma11an GtH's may ,
be related to the tissue distributions of the GtH's. In the

goldfish, thé kidney is c]ear]y the most active tissue in“terms '

of 125

(Table 9). A]though the in vivo pattern of ovarian uptake of

//rad1o1od1nated human chorionic gonadotrop1n and rad1o1od1nated

lute1n1z1ng hormone in m1ce (Lunenfe]d and Eshkol, 167; Kammerman

]972b) are s1m11ar to that observed in the go]df1sh (F1gure 6),

' the re]at1ve contr1but1on of the gonad compared to other t1ssues,

-

_such as 11jer and k1dney, appears to be much greater. in mammals

(e.g. see fammerman and Canf1eld 1972) than in the goldfish. It

s poss1b]e that an 1ncreased rate of 1rrevers1b1e blood c]earance

B

i

<~

: in go]dflsh» It is of note- that a number of recent stud1es ‘have -

I- cGtH’uptake, in contrast to gonads, liver and other t1ssues

~ and Canf1e]d 1972 Canfield et al. o ]97]) and rats(Tsuruhara et al.,

‘enpha51zed a more 1mportant role of the k1dney in the regulation of



' Fig. 19.

E A cem1 1ogar1thm1c p]ot of 1n1t1a1 b]olognca]

half-1ife (tk ) versus per cent sialic acid content
i

The data are mean values~ca1cu1ated from Tables 11,

12 and 13. Values of t, are ihciuded on1y from

B

stud1es employing a hormone homo1oqous w1th the
spec1es in wh1ch the plasma c]earante was determ1ned.

The va]ues are based upon representat1ve data

;reported;from a number‘of laboratories and do not

| . E 4,

repreéent,a*comb]ete compilation.

& ’
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mammalian gonadotrooin‘c]earance,(Ascoli and Puett, 1976a;

de Kretser,_1973§ Ascoli et'dl.;f1975§.Leevand Ryan, 1974) than-
previous]y.suppOSeo,(More]l et al., 157{; KaMmerman ano Canfield,
1972); However, the simiiarity between the calculated values of
overall and pr1mary p]asma MCR GtH in the go]df1sh and mamma]s |
suggests that other pfocesses may a]so contr1bute to the observed

rap1d go]df1sh t, .
%

" An a]ternat1ve hypothesis explaining'the shorter initia17t5-
_i.,

va]ues in the go]df1sh concerns d1fferences in. the chemistry of cGtH
compared to mamma11an gonadotropins. The sialic acid content .of HCG
is substant1a]1y greater than that of FSH LH and the teleost
g]ycoproteln gonadotrop1ns (Tables ]1, 12, 13 and 14); S1nce\the
published values of t, . for HCG (Canfield et dl.,’1971) are(much |
greater than other gonadotrop1ns (Tab]e 1, 12vano'14) and since
‘ progress1ve des1a1y1at10n of HCG (Van . Ha]] 1971b) and FSH
‘(Morell et aZ.; 1971) resu]ts in an increased rate o% olasma
c]earance and concom1tant accumu]atlon in. the liver (More]] et al.,
, ]971), it is apparent that the s1a11c acid content 1nf]uences the
rate of metabolism of these honnones in. vivo. In sqpport of th1s,
survey of tﬁf 11terature suggests a strong corre]at1on between the I

content of s1a11c acid and the t. of a number of mamma11an

a4

'fgonadotrop1ns (Figure 19). The sialic ac1d content of . te]eost .
h:vglycoprote1n GtH's (Tab]e 14), w1th the except1on of p1a1ce GtH
I(D R. Id]er, personal commun1cat1on) s con51derab1y ]ess than that
‘.of most. mamma11an gonadotropxns (Tables 11, 12 and 13) Tf the ‘
‘content of s1a11c acid a]so 1nf?uences the t%i_of te]eost Gtﬁfsffthis
may be an explanation for the shorter tf..’i found‘here for,go]dftsh.'

Nt
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APPENDIX 1

Derivation of the biological half-life (t,)

125

If the clearance of '“’I-cGtH from the plasma.of goldfish

depended only upon'fifst order‘kihetics, a plot of per cent of
injectéd dose per ml plasma against t on linear coordinates would~
produce a curve similar to that shown in Figure 1.

Figure 1: |

plasma radioactive

concentration _
(1inear scale) C,

Cap

. The resulting curve may be described by the ec 1tion:
Cxft)=Aet -
' Taking the natufa1 logarithm of both sides of (1) yie1d§:»
I x'(t)=InA-aot 2y
" Thus when x'(t) is plotted on semi-logarithmic graph paper a straight =

]ine of slope o and ordinate intercept 1n A is obtained (Figure 2)

129
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and
tl t2* /
Figure 2. :
A ' 1n C] - In C2 (3)
a = 3
N H-t |
: _— . c'l '
The biological half-life is defined as t] - t2 when C2_= > and
(3) becomes: 4 |
v _ C]
.. a = ‘ t . . . B ‘ (4)

y

- (ncp-n2)
@T T '

L

‘Therefore t -

The extension to a twontompartment or‘Higher exponent system’
- proceeds in an identical manner. R



" APPENDIX IT

Metabolic Clearance Rate

Metabol1c clearance rate (MCR) js defined as the volune of
‘blood or’p1asma that is complete]y and irreversibly ciearedﬂof
hormone per unit time (Ta1t and Burstein;’1964). In the short
time interva1 dt, a volume of plasma is completely and
jrreversibly cleared of 1251 cGtH, and if x*(t) is the rad10act1ve
concentration at time t, the amount cleared dr = MCR - x'(t) dt (1)

1f the total amount cleared is R, then.

=I°O°MCR-x'(t) at, @

and since the total amount cleared must edual the total amount »
1njected |
| TOTAL AMOUNT _' ® McR - x' o . \
Noectep - Jo MR X (tyda . (3)
All rad1oact1ve concentrat1ons may -e méasureﬂ as a penvcent of
injected doses ‘the total amount 1n3ected being -1 or 100 per cent,

enabling (3) to be rewritten as
= [owMer - x'(t) & (@)

1f MCR is constant f.e. assuming steady-state conditions'(Atkins,

1969) - | |
| CorEmer [T x(t) dt o o (5)
or . MR = —— (6)
: LT xt(t) dt '
. '131
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MCR is, then, the reciproéa] ot the drea‘beneath the’MCPu Thfs is
the most general method- of est1mat1ng MCR which ‘is 1ndependent of
the number of compartments or mode used and assumes qn]y steady— .
state cond1t1ons (Gurp1de et al., 1964) |

Although the‘der1vat1on of (6) 1s stra1ghtforward, 1ts
evaluation is not. - Tait and Burstein. (1964) assumlng a two -pool
_ ppén'system;.compute (6) in the_fol]ow1ng manner:

1

MCR = —————— and since x'(t) = Ae "t + B e Pt
jo x'(t) dt SR - o

. .
MCR -
f (Aet 48 efﬁﬁ) dt

Using methods of inteqgral calculus:

MCR. = ———t L. —T

‘ Johe Tdt+ [, Be " dt

§ B SR
AfT et dt + B[] et dt

1]

MCR

"MCR

_»MCR =28 S . ':_(7)
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- R
»A]though th1s est1mate of MCR is ut111zed by a number of experi-
menters (Higgs and Eales, 1976; Donaldson and Fager1und 1968, 1969,
1970) it is readily apparent that errors -in. the est1mat1on of ;me
curve'parameters are ref1ected and .may be magn1f1ed 1n the deter-

? m1nat1on of MCR. Other workers have evaluated (6) from t = 0 oOr

8

=5 to t 120 or some other f1n1te{t1me 1nterva1 attempt1ng “\5;'
to m1n1m1ze the extrapo1at1on of the disappearance prof11e beyond
the exper1menta1 data (Campbe]l et al. P 1978a) Such a procedure
W111 g1ve a §"11er estimate of the ared and correspond1ng1y |
larger est1mate of MCR (Table 15). Normand and Fortier (1970)
employ a numer1ca1 technlque to 1ntegrate the area. beneath the MCP.
‘The1r app11cat1on of the trape201da1 rule demons trates ity
computatnona] ;1mp11c1ty stat1st1ca] advantage and e11m1natton of
any need for characterization of a model.  However, unless samp11ng
is begun 1nmed1ate1y after injection and cont1nued unt11 the_plasma
‘spec1f1c act1v1ty is neg]1g1bhe compared to 1n3ected dose, this
method will also underest1mate tota] area~and correspond1ngly over-
‘estimate MCR (Table 15). | |
Cons1der1ng only the fast jnitial d1sappearance ofgtracer fromi
the f1rst p001 of a mu1t1compartmenta1 system, Campbe]l et al.
‘(]978a) have defined a pr1mary metab011c clearance rate equal to
o A'T. By ignoring a large percentage of the total area beneath
each'MCP.thn pr{mary MCR will be much greater than the overal] MCR
(TabTe 25). Imp- 1c1t in th1s computat1on of pr1mary MCR 1s that the i o

rapid clearance of 1abe11ed hormone from the 1n1t1a1 vascular

compartment,fo110ws single order k1net1cs
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For each experiment, cons1st1ng of 5 individual samples at each of

7 samp11ng times, a single value for MCR th agd V1 is computed.

To fac111¢ate compar1son between different experlments, it is
’essent1a1 that ‘a relevant est1mate of the:error be obta1ned faor
']each of these values. As 1t is. not poss1b1e to repeat individual
exper1ments a large number of t1mes, an estimate of the error must
be. determ1ned from the 35 samp]es of each exper1ment The genera]
theorem that follows provides a valid method of estimating the error
of ﬂbR t, and V or any funct1on of a number of va]ues ‘each w1th

k
known estimate of error.

Let N ='f(u], Ups «eves . un) o k | - (1) )
denote any function of the véiues u],'uz, ...... “un which7ake
subjeCt to the random errors € , € % ..ee- ‘e , respectively.

_ _ uy’ Ty’ Uy, ‘

These errors in the ui's will cause an error ey in the function N

according tb!
Ntey = f(u1 +eps Uyt egy eens u; + en) . - (2)

The right hand side of (2) can be expanded by Taylpr's theorem for

a function -of several"Variables‘(Lang, 1968). "

< 135
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N+eys= f(u], Ups weves s un) * iil au; e,
2 2
e (ot By 2 )

U, Ju

1 n ~
, 2
. a f ‘ . B e
"“28] 82 W +t osieen ‘ + e ) (3)

If the errors ei are re]at1ve1y small, the prodUcts, squares»and }

~ higher powers may be neglected and: (3) may be rewr1tten as:

N + ey = f(u], Upy «oees R un)-+ E‘ i G | (4)
4 L i=1 i : .
. ‘ " X
The variance of (8) is:
o , 1 . - . .

VAR (N + eN) = VAR f(u], Ups f""’_Qn) + YAB ( iil _U; eil.(S)j
Sinc%vthevui's are constants VAR (f(u;, Uy, ...Q;;.un)) =0 !
’and’(5)‘b¢comes: |

o | n af‘ PN |

VAR (+e) =vaR 5 S (6)

Expansioh of the right-hand side of (6) yields h

T ' 2y <2 n1 n ' P
= 1 (3f ) | <s .) +2 3§ L ggl- 3 cov (e;s ) (7)
4=1 i/ Tye geier M3 %Yy 9

‘(Hogg and Craig, 1970).

x_r‘Jb.-'

Since many non-linear least squares curve fitting programs



i : .
p(gvide_a corré1ation matrix'(pij)'and assymptotic standard

deviations (se ) of the converged parameters, it-iS»coh§¢nientfto'”

ii -
- write (7) as:

. ( CLTma S AR R n-1-
() (o) e

Nt 3

i

or in matrix riotation where

Vis an n x 1 .vector

n

'z
i=1§=

i+

(%4
—h

|

o
| =
—

“of

au

and o is an n x n matrix = (p,.) as:

1

VAR (N +¢e) =V o

v Tﬁe app]icafion-of the genefa},formu]aiis illustrated by

37

(g).

example The~distributioh sgaée of the first Compartment (V ) and

e the estimate of error (§ ) is determ1ned u51ng the data obtalned

'I

from- the MCP trac1ng the d1sappearance of 1mmunoprec1p1tated

‘]25

‘ 'ma1nta1ned at 12 + 1°'C.

Ty

I-cGtH in sexua]]y reoressed female go]df1sh C&rasszus auratus
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' { ‘ . .
TABLE 16. Immunoprec1p1tated p{asma rad1oact1v1ty from regressed
_'fema]e goldf1sh (6SI = 1.70 + 0.35%) at T = 12 ¢ 1° C:
a part of the computerized output from a non -lTinear -

least squares program BMD O7R (D1xon,11974)

-

Correlation Matrix

. Parameter =~ Value Standard o .
' -+ Deviation . S 4 !
: g v S . - q -
mo o oeml A - B
/ R : B

A 1.266  0.492  1.000 .0.571

B 0.426 . 0.0822 . 0.571  1.000
\ . X

|

I

. ) . . .
I o=

(1) - evaluation of Vi Vy = (A+8)7! = 0.591 -
(ii)"eealuat{anOf the variance of V,, using equation (9),
.' ‘ o _2 | ‘-2 o | . . . - —2 v S, : ; .
VAR(vi),-, (= (A+B) “Sps - (A+B) -sB) (1._000 0.571 /-(A+B) “esp) o
~ e 0.571, 1.000/ \-(A+8) 2.5, '

- 0.033 (n)?. Therefore s, 0.183 ml and SEM 0.031 ml plasma.
i o i : . ‘ R

a
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ABSTRACT

A}

Thegpefiovulatory'pattern of circulating gonadotropip is describead
for the first time in a poikilothermic vertebrate. In- sexually mature

female goldfish (Carassius auratus) maintained on a 16L:8D photoperiod,

ovulatlon occurs during the 1atte1 part of the dark phase, approx%mately

*'20 h after the fish are warmed from 13 to 21° C. Serum gonadotropin

R

=5

%

levels increase gradually durlng the first. half of the ll°ht phase,
and by the latter part begin to increase rapidly, reach ng the peak
of the gonadotropln surge by the onset of thd é;rx phase. Gonedotropin
}evels}ﬁewaln high through the period of ovulation, and decrease marledly :
by the onset.of the following light pHase. The flndlnﬂs indicate thaf

the goldfish prov1desva valuable model for the study of ovulathn in

teleosts;
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‘ : | . INTRODUCTION ‘.

In many mammals (Wildt et al., 1978) and in the domcétic fowl (Furr
et al.; 1973) ovulation is prcccdcd by a rapld and transient increaﬁe
(surge) Jdn plasna gonadotropln (CTH) A]though a rolc of GtH in teleost

‘ovulgtionbhas been clearly demonstrate& (Chaudhuri, 1976), there is . no

~

difeht evidence for a preovulatory surge of GtH in teleosts. Plasma

GtH levels in several salmonid species are elevated prlor to and following

i

i ovulation (Crim Sﬁ.él:’ 1973 1975) however, the time course of these i
A Y

changes has not been ocscrlbed Breton et al: (1972) reportcd elevated 1

5

Gtﬂllcvels in goldfnsh (Carasq1us auratus) that had ovulated, but did

‘not detect ingreased.levels prior "to ovulation. We report here the '
presence of a preovulatory surge of GtH in the female goldfish. 1
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:  METHODS' S e

Fenaié goldfish of the common or comet variety (20-40 g body_yelght)
were purchased fron Crassyfork Flsheries Co., Inc.,‘Martinsviiléz;Indiana,v

4 “

_ ik
from F(brunry to April, and Lapt in 1500 1 flow—through stock aquaria

," r

(13+1 C; 16L: 8D, lights on- at 0400 h) for at least one- month before use.
Ewos pel]ets were fed ad libitum at least twice per day |

? | Ovulatlon was 1nduoed by.an Jncrease in termperature as descrlbed

. by Yamanoto'et al. (1966); with this technlque, a proportlon of sexually

mature Lenale gbldflsh w111 OVL]ate w1th1n 36 h of a temperature 1ncrease'

4’ ,h

from 13 to 21°C. At 1800 h on day 1 fish with mature ovnrles (1nd1cated
by a soft, distended abdonen) were renoved from stocA aquaria, fdn Cllpﬁed
for 1nd1v1dua1 identlflcatlon, ‘and transferred to 45 1 standlng~water
ovulation aquaria (5- % flSh per aquarlun) which warwed from 1321°C to
21%1° C over a perlod of 10 h (Flg 1) Ovulatldn aquq*la were provided
with coar<e sand ovor a sub sand . fllter, a charcoal and glass wool box
filter, and suff1c1ent floatlng art1f1c1a1 plants (each .made fxom 100
ten-cm strands of greenzacryllc flber) to cover at’ ledst 50/ of the
water surface.. | Between 0900 and 1100 h on day 2, one or two spermiatlng
male goldflsh-and a'fenale whlch had been induced to pcrform spawqing
behav10ur by 1njcction of prostaglandln F ~ (Stacey, 1976) were added

to each’ ovulation aquarla Yamazaki (196)) states that in warm water
’the prescnce of sexual]y active males and aquatic nlants stlmulates

ovulation. The spermiated males and prostaglandin 1njected fenales were

removed near thc end;of tthlnghtAperlod on day 2. All expcrlmental
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<

" fish werc fed a commerciat+dryifood.(Tetramin) at random times betyeen

v Q400 and 1800 h on day.2

One, two, or three blood samples vere taken from each fish at

various timestrOm 1800‘h on day 1, at the time of removal from stock
baquaria, to'1600 n\on'day 3‘(Fig. 1). _Most fish wergisampled twice,

at leaet‘four'h apgrt Prior to blood samnlind, fish were'anaesthetized
in MS222 (tricdine methanesulphonate, O 057 solution) vﬁlood samples,
,about 150 ul preovulatory and 300 ul postovulatory, were taken from

the caudal vasculature w1th alml syringe fitted with a 25 gauge : .Qél’
needle, allowed to clot on chipped ice for 1-2 h, and. centrifuged at
760‘i g (4°C), for 25 min. To prevent bacterial growth, 1 ul of
thiomerosclate (i% solution) was. added to each serum sample prior
to freezing on.dry ice and storage at -30°C. . Serum samples vere K

“analyzed by a radioimnunoassay (RIA) for GtH employing antibodies

to carp Gtl, as described previously (Crim gtugl , 1976; Hontela angd

Peter, 1978).

‘Ovulation was indicated by relea;e of a stream of oocytes from
‘the ovipore-follow1ng apnlicetion of gentle pressure to the abdomen.
Fish were checked for ovulation hourly from 2300 h on day 2 until
\0400‘h on day 3; fish which had failed to ovulate in. this interval
were also cheched several more times during the iiéht phase on day 3.
A dim red - llght (4.3 lux) was used to locate fish in ovulation aquaria
'during the dark'phase. When hlood samples were taken during the dark

phase, fish were anaestheti7ed in the dark, sampled in light, anﬂ'_'

returned to. darP prior to full recovery from anaesthesia.

.



RESULTS

-~

Under the temperature and phdtoneriod conditions used'in this study,

ovulation occurs between 0000 and 0400 h on day 3 (Fig. 1). Tke blood

gampling did not affect the time of _rgula

tion, the magnitude of the

*.. GtH surge, OT the levels'of serum GtH in subsequent samples. Thus,

the mean GtH values ‘and times of ovulatlon in Flg. 1 represent groups
¥ |

B

conpriéed of fish sampled once, tuvice, or:

vere warned and placed in ovulqtlon aquar
(non-ovulatory fish) showed a ciﬂnlficant
 GtH levels between 0800 ‘and 1200 h on day

water temperature; however, there was mno -

three times.,. Fish which

ia but did not ovulate
increase (p<0. 05 in serum

2, coincident with increasing

e

significant change in the GtH

" levels of these non—owuiatory fish throughout the remalnder of the

44 h sampling period. Ovulatory and non-
levels at 1800 h on day 1, 1mwedlatcly Pr
aquaria. By 0800 the following morm.no

fish were signlflcantly greater (p<0.001)

ES

ovulatory fish had similar GtH -
ior to. transfer to ovulation
the gtH ‘levels 1n ovulatory

than -the levels in the non— .

ovulatory group. “In 0vu1atory fish serum GtH 1eve1q increased further

‘glat 1200 h on day 2 and by ]600 h were si

.{\:‘

thhe 0860 or 1200 h mean lcve]s (Flg 1).
end of the light perlod on day 2 (2000 h)
greater than 100 ng/ml and reached a maxirw

ng/ml at 0000 0400 h on day 3 during tho

F

gnificantly greater than either
Ovulatory fish sanpled at the
all had serum GtH 1evels

mum w1th a mean. of 168 + 14

period of ovulatlon -Serum Gt -

Tevels decreaSLd rapldly in ovulated fxsh, reachlng presurge levels by

0800 h on day 3‘ a sinlluL dccllne occurq follo\unn clomlphcne —induced

Gti .uryes in malc and female carp (Brecton Eﬁ.ﬂl:v 1975)
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DISCUSSION

The prcsent report pr?vidcs the first demonstration of a preovuléLory
.surgc of GtH in a’ p01kllothcrm1c vertcbrate. The results-of this study.
supporL the flndlng of Yananoto and \amazaki (1967) that.v;cuollzatlon
of pltulLary basophlls is naxrual approwlmﬁtely 10 h prior to folllcular

‘k"
rupture in fcmale goldflsh Thc 8-12 h 1nterval between the intial
sharp rlqe in plasﬂantH (1600 h, day 2) ‘and the time of spontaneoqs
ovulation in this study (0000 0400 h, day 3) agrees well with tl :
1atenC)‘to 1nauccd ovulatlon fo]low1ng JnJchlon of HCG (uﬁougfjieSults)
Our data also condirm and extend those of Breton et al (1972) who
reported elevated mean serum GtH 1evels (approx 50 ng/ml) in femaie

goldfish bcfore noon on: the day -of ovulation (day 3 in thlS study):

Elevated serun GtH levels also have been rcporLed in preovulatory

- and ovulated pink éalmon, Onocorhynchus gorbuscha (Lrlm gg_gl., 1973),

brook trout, Salvelinus fontinalis, and sockeye saluon, O. nerka

R

(Crim et 11.; 1975); unfortunately;ﬁtho°c studles prov1ded no
infbrmation as tb the time-course of: the‘preovulatory increase in
seruﬁ GtH or tﬁe lateﬁcy bet“een ‘the Gtﬁ Jncrcage and ovulatloﬁ. In
contlast to the sntuatlon in rvoldflsh post—ovulatory CtH levels in
several samonld species remain high for at least several days afLer

ovulation (9g~nerka,'Cr1m et al., 1975, salmo Oalrdnerll, Fost1er et

al., 1978).

“

The manner in which torperature incroase, aquatic vcgetation and

male courtshlp mlnhL facilitate and synchronlze onntaneﬁﬁ\\ovulatlon' -

ﬁﬂgﬂ
L



%’ S

is not clear. Preliminary results suggest aquatic vegetatlon is the
. . ' . '

most important stimulus for ovulation and that male courtship has no
effect. . Temperature 1ncrease may act simply by ralsing basal GtH

i |
levels, an cffect seen i@m oth non-ovulatory (Hontela and Peter, 1978)

and ovulatory fism. As fish wvarmed at 1200 h on day 1 may ovu]ate at
0000-0400 h on day,Z or succeeding days, but not at other times -

(unpuu. results), photpperiod and not temperature, appears responslble

o
N T

- for the synchrony in ovulatloq times observed in thls study

Breton{gﬁ;gl._(l972) and lontela and Peter (1978) have described

daily variations of'serumﬂcqﬁ in matur': emale goldf;sh. The hlohest

] . . ,
- level occurred about 4 to 6 h after the onset of light in fish kept
at warm temperature under long photoperlod. As the time of the maximum -

daily GtH 1eve]s in these studles does not coincide with the time of

“the prcovu}atory surge descrlbed in thls report it is possible that

in the goldfish, as hg

fﬁbeen suggested in mammals (Flerko, 1970),
separdte muchanlsns ma? reeulate tonlc and ovulatory CtH seeretion.

In summary, at 21°C and 16L: 8D, the preovulatory surge of GtH
in the goldflsh appears to rcsult from an extended (ca. 8 h) purlod
dof increased GtH seeretlon vhich uegizs/gn the last four hours of the _ .
l1ight phase and induces ovulation in the latter half of the dark )
phase. The predlctabillty of. this response and the ease with which
the time of ovulation can be determlncd 1nd1cate ‘that the goldflsh

will prove a useful tool in thc study. of endocrine events as soc1ated

with spontanecous ovulatlonu
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FIGURE 1. TEXT

”} Times of ovulation and serum gonadogropinn(CtH; mean * SEM) profiles

of sexually mature female poldfish “ept on a 16L:8D'photope}iod and warmed-
/', from 13:1°C to 21+1°C. The number ofwﬁish.ovulagihg each-hour is Ehowh

: é o .
in the lower graph. The GtH levels measured in-serum’ from ovulafory
' fiéh sampled{at the time of ovula{ion (OOOO—OAOO,h"dn day 3) -were
v S ]
a mean valué.at 0200"H on day 3. Differences

-

pooled and expressed as
\

S . : ) S .
between means, within the ovulatqry and non-ovulatory groups were

determihed’by ANOVA and Duncan's‘Mhltiple Range Tesf“(ﬁteele.énd
_Térrie; 1960) using log transformed data. ‘Thé'unpaired Student's T-test
for.groups with dissimilar variances (Steele and Torrie, 1960) was used

" to compare values at each sample time.

3
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