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Abstract 

Stimul ation of ovarian development and ovu lation l ead ing  to production of ferti le  

offspri ng us ing exogenous hormones has been successfu l in  mammals, but  unti l recent ly 

this was not the case for avian species. These techniques would be useful for i ncreasing 

the reproduct ive output of endangered birds such as the kakapo. 

Pregnant mare serum gonadotropin (PMSG) was used to st imulate ovarian development 

in  Japanese quai l as it is  read i ly  avai l able, easy to use, and equal ly  effective as avian 

gonadotropins .  The research examined the best method for admin istering PMSG, and 

the doses, duration and frequency of treatment required to st imulate fol I icular growth. 

Treatment with PMSG can stimulate ovarian development, ovul ation and oviposition i n  

Japanese quai l  held under a short day photoperiod. However, there was considerable 

variation i n  ovarian response to PMSG between birds rece iving the same treatment. In  

birds in  which large yel low fol l icles developed, many fol l ic les were s imi lar in  size and 

were not arranged in a h ierarchy. 

Doses of 20-80 ru PMSG were the most appropriate for stimulat ing ovarian 

development in  Japanese quai l .  Doses lower than 20 IU PMSG stimulated l i ttle or no  

ovarian development in  most birds, and doses higher than 80 IU PMSG led to 

overstimulation of fol l icu lar development in most birds. Continuous del i very of PMSG 

by osmotic pumps and dai ly  treatment using injections were equal l y  effective i n  

stimulating ovarian development i n  Japanese quai l .  The use of  dai l y  injections is  a 

more practical method of de l ivering PMSG to birds, as i t  does not involve surgery and 

al lows more control over dosage and t iming of treatment .  Treating  birds with i njections 

of PMSG every two days rather than dai ly  led to a rate of ovarian growth simi l ar to that 

of long day birds. Treatment every four days was not sufficient to stimulate ovarian 

development in quai l .  Restrict ing the feed i ntake of quail did not have any affect on the 

ovarian response to PMSG treatment. 

Although PMSG can stimulate ovarian development and ovu l at ion in Japanese quai l ,  

further work is  requ ired to increase the number of birds that respond to treatment, 

increase the number of eggs produced by an individual , and improve egg qual ity. 
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Figure 3.19. Raw data CA) and mean CB) number of large yellow follicles 
in the ovaries of female Japanese quail after three weeks on 
short days, long days, or short days plus treatment with daily 
i nject ions of 1 0  IU PMSG for one week, 20 IU for the second 
week, and 0, 5, 1 0, 20 or 40 TU PMSG for the third week. 
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Figure 3.20. Relat ionship between ovary weight and c loacal diameter of 
control birds (untreated birds held on short days or long days) 
and birds held on short days plus treatment wi th dai l y  
injections of  1 0  IU  PMSG for one week, 20  IU  for the second 
week, and 0, 5, 1 0, 20 or 40 IU PMSG for the third week.  

Figure 3.21 . Raw data (A) and mean (B) plasma estradiol concentration of 
female Japanese quai l  after three weeks on short days, l ong 
days, or short days p lus treatment wi th  dai l y  injections of 10 
IU PMSG for one week, 20 IU for the second week, and 0, 5 ,  
1 0, 20 o r  40  IU  PMSG for the third week. 

Figure 3.22. Relat ionship between p lasma estrad iol concentration and 
oviduct or ovary weight of control birds (untreated birds held 
on short days or long days) and birds held on short days plus 
treatment wi th dai l y  injections of 1 0  IU PMSG for one week, 
20 IU for the second week, and 0, 5 ,  1 0, 20 or 40 IU PMSG 
for the th ird week. 

Figure 3.23. Raw data (A) and mean (B) p lasma LH concentration of 
female Japanese quai l after three weeks on short days, l ong 
days, or short days p lus treatment with dai l y  i njections of 1 0  
IU PMSG for one week, 20 IU for the second week, and 20 
or 40 IU PMSG for the third week. 

Figure 3.24. Distribut ion of fol l ic le sizes in 0.00 - 0. 1 5  g CA), 0. 1 6  - 0.50 
g (B)  and 0 .5 1 - 1 .00 g (C) ovaries of female Japanese quai l 
held on l ong days for one to three weeks, or receiving dai ly 
PMSG injections for one to three weeks. 

Figure 3.25. Distribution of fol l ic le  sizes in 1 .0 1  - 5 .00 g (D) and 5 . 0 1 -
9 .00 g CE) ovaries of female Japanese quai l  held on l ong  days 
for one to three weeks, or receiv ing dai l y  PMSG injections 
for one to three weeks. 

Figure 4. 1 .  Changes i n  c loacal diameter i n  birds held under a short day 
photoperiod and treated with 20 or 40 IU PMSG dai l y  or 
every two, three or four days for one CA), two CB) or three 
(C) weeks, or held on short days for three weeks or long days 
for one, two or three weeks receiv ing no treatment. 

Figure 4.2. Mean c10acal diameter for birds on short days, long days, and 
short days plus treatment with 20 or 40 IU PMSG dai l y  or 
every two, three or four days after one (A), two (B) or three 
CC) weeks. 
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Figure 4.3. Mean ovary weight for birds on short days, long days, and 
short days plus treatment with 20 or 40 IU PMSH dai l y  or 
every two, three of four days after one (A), two (B) or three 
(C) weeks. 

Figure 4.4. Mean oviduct weight for birds on short days, long days, and 
short days plus treatment with 20 or 40 IU PMSH dai l y  or 
every two, three of four days after one (A), two (B) or three 
(C) weeks .  

Figure 4.5. Mean p lasma estradiol concentration for b i rds on short days, 
long days, and short days plus treatment wi th 20 or 40 IU 
PMSH dai ly  or every two, three of four days after one (A), 
two (B) or three (C) weeks. 

Figure 4.6. Relationships between plasma estradio l  concentration and 
ovary and oviduct weight in control birds (untreated birds 
held on short days or long days) and birds held on short days 
whi le receiv ing treatment with 20 or 40 IU PMSG dai l y  or 
every two, three or four days for one, two or three weeks. 

Figure 4.7. Distribut ion of fol l ic le sizes in 0 .00 - 0. 1 5  g (A), 0. 1 6  - 0.50 g 
(B) and 0 .5 1 - 1 .00 g (C) ovaries of Japanese quai l he ld on 
long days for one, two or three weeks, or receiving 20 or 40 
IU PMSG every two, three or four days for one, two or three 
weeks. 

Figure 4.8. Distribut ion of fol l icle sizes in 1 .0 I - 5.00 g (D), 5 .0 1 - 9.00 g 
(E) and 9 .0 I - 13 .00 g (F) ovaries of Japanese quai l held on 
l ong days for one, two or three weeks, or receiving 20 or 40 
IU PMSG every two, three or four days for one, two or three 
weeks. 

Figure 5. 1 .  Changes i n  body weight i n  female Japanese quai l held on 
short days for whi le receiv ing ad libitum feed or 80%, 60% 
or 40% of their normal dai l y  feed in take. 

Figure 5.2. Body weight, cloacal diameter, ovary weight, oviduct weight, 
pectoral muscle weight, peri toneal fat weight, condition 
i ndex and p lasma estradiol concentration in female Japanese 
quai l after 1 6  days receiving ad l ib, 80% or 60 % of normal 
dai l y  feed intake during the p i l ot experiment. 
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Figure 5.3. Changes in c10acal diameter in  birds held under a short day 
photoperiod receiving ad lib, 80% or 60% of normal dai l y  
feed intake and treated with 40 or 80  IU PMSG every two 
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three weeks receiving no treatment. Day 1 5  was the first day 
of PMSG treatment or long days . 

Figure 5.4. Mean cloacal diameter of female Japanese quail after three 
weeks on short days, long days receiving ad lib, 80% or 60% 
normal dai l y  feed intake, or short days receiving ad lib, 80% 
or 60% normal dai l y  feed intake plus treatment wi th 40 or 80 
IU PMSG every two days. 

Figure 5.5. Changes in  body weight in  b irds held under a short day 
photoperiod receiving ad lib, 80% or 60% of normal dai l y  
feed intake for and treated with 40 or  80 IU PMSG every two 
days for three weeks, or held on short days or long days for 
three weeks receiving no treatment. Day 15 was the first day 
of PMSG treatment or long days . 

Figure 5.6. Mean body weight and condit ion i ndex of female Japanese 
quai l after three weeks on short days, long days receiving ad 
lib, 80% or 60% normal dai l y  feed intake, or short days 
receiv ing ad lib, 80% or 60% normal dai l y  feed in take plus 
t reatment with 40 or 80 ru PMSG every two days .  

Figure 5.7. Mean peritoneal fat weight and pectoral muscle weight of 
female Japanese quai l after three weeks on short days, long 
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days. 

Figure 5.8. Mean peri toneal fat weight (A) and pectoral muscle weight 
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and  those that had not laid after three weeks on  short days, 
long days receiving ad lib, 80% or 60% normal dai l y  feed 
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Figure 5.9. Variation in  ovarian and oviductal development in Japanese 
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weeks whi le receiving 80% of normal dai l y  feed in take (B) .  
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Figure 5 . 10. Mean ovary weight and oviduct weight of Japanese quai l  after 
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receiving ad lib, 80% or 60% normal dai l y  feed intake, or 
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intake plus treatment with 40 or 80 TU PMSG every two 
days. 
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pectoral muscle  weight in Japanese quail after three weeks on 
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daily feed intake, or short days receiving ad lib, 80% or 60% 
normal dai l y  feed intake plus treatment with 40 or 80 TU 
PMSG every two days. 

Figure 5.13. Mean p lasma estradiol (A), p l asma progesterone (B) and 
p lasma corticosterone (C) concentrations i n  Japanese quai l  
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80% or 60% normal dai ly feed intake, or short days receiving 
ad lib, 80% or 60% normal dai l y  feed intake plus treatment 
with 40 or 80 IU PMSG every two days. 

Figure 5.14.  Mean p lasma estradiol (A) ,  p l asma progesterone (B) and 
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Figure 5.1 5. Rel ationships between plasma estradiol (A, B and C), p lasma 
progesterone (D and E) or p lasma corticosterone (F, G and 
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Figure 5 .16. Distribution of fol l ic le  s izes in  0. 1 6  - 0.50 g CA), 0.5 1 - 1 .00 
g CB) and 1 .00 - 5 .00 g Cc) ovaries of female Japanese quai l 
held on long days for three weeks, or gi ven 20 IU or 40 IU 
PMSG injections every two days for three weeks, whi le  
rece iv ing 80% or 60% of normal dai l y  feed i ntake. 

Figure 5.17. Distribution of fol l ic le  sizes in  5 .0 1 - 9 .00 g CA) and 9.0 1 -
1 3 .00 g CB) ovaries of female Japanese quai l  held on l ong 
days for three weeks, or g iven 20 IU or 40 IU PMSG 
i njections every two days for three weeks, whi le  receiving 
80% or 60% of normal dai l y  feed intake. 
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Chapter 1 

1 Literature Review and General Introduction 

The use of exogenous reproductive hormones to fac i l i tate breeding programs of 

endangered and threatened species has already been implemented for a number of 

mammal i an species .  However, such techn iques have not been used to increase the 

reproduct ive output of an avian species. Severely endangered birds such as kakapo 

(Strigops habroptilus) would benefit great ly  from such techn iques. The aim of the 

research presented in th i s  thesis was to fi nd a hormone treatment regime that w i l l  

st imulate development of the reproductive tract through t o  ovulation, ovipos i t ion and 

hatch ing of fert i le  offspring i n  avian species. 

1 . 1  Kakapo 

A total popu lation of 87 kakapo remains on i slands around New Zealand ' s  coast l ine,  

and although i ntens ive conservation and management efforts are ongoing ,  extra 

measures need to be taken to i ncrease popul ation numbers . The Kakapo is a l arge, long­

l i ved, ground dwel l i ng  parrot, endemic to New Zealand.  It exhibits an unusual lek 

mating system in  which the males bui l d  a track and bowl system, and attract females 

using  deep booming noises and wing flapping displays (Merton et al., 1 984) . Kakapo, 

l ike many avi an species, are seasonal breeders ; that is, they become reproductive ly 

act ive when condit ions are optimum for successfu l mat ing, nest ing and chick rearing .  

This usual ly  occurs i n  the spring and summer months i n  temperate species, when 

temperatures are warmer, c l imatic conditions more settled, and food sources are 

abundant .  Female kakapo have bred in success ive years (Cockrem, 1 999), but usual l y  

on ly breed once every 3-4 years. Successful breeding seasons are rare, and often a 

summer w i l l  pass w ith l i tt le or no copulatory or nest ing behaviour, the reasons for 

which are unknown .  The 200 1 /2002 breeding  season was the most successful i n  the l ast  

20 years, wi th 25 ch icks fledging.  Although the kakapo conservation effort is  i n tense, 

alternative methods for improvi ng the success of each breeding season may be required 
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to s ignificantly increase population numbers. Reproductive output in this  species coul d  

potential l y  be increased b y  hormonal stimulation of the reproductive system as used in  

mammal ian breeding programs. A successful treatment wou ld  l ead to the stimulation of 

ovari an development fol lowed by the i nduction of ovul at ion,  oviposition and hatching 

of reproductively viable offspring. 

1 .2 Photoperiodism in birds 

Most birds are seasonal breeders, regardless of l at i tude, w ith the t ime of year in which 

reproduction occurs being driven by food avai l ab i l i ty for successful rearing of offspring 

(Fol l ett, 1 984). In temperate regions breeding occurs during  the spring and summer 

when food sources are abundant.  Changes in daylength provide the first predictive 

i nformation leading to physiological changes in preparation for breeding to occur. 

Supplementary information, such as presence of a mate, suitable breeding terri tory and 

nest ing s i tes, is  also requ ired for the birds to reach ful l  breeding condition . Much of the 

study of photoperiodism in birds has been done on temperate zone species. As 

day length i n creases, a critical daylength wi l l  eventual l y  be reached when gonadotropin­

releas ing hormone (GnRH) neurons are stimulated to produce GnRH (Sharp, 1 996). 

Cri tical daylengths differ between species and are dependent on genotype. Photoperiod 

has both a stimulatory and inhibi tory effect on the reproductive axis .  The intensity of 

the inh ibitory i nfluence, and the rate of onset, is dependent on the sensitivity of the 

hypothalamus and p i tuitary gland to feedback from gonadal steroids (Sharp, 1 996). A 

strong photoinduced inhibi tory effect can override a photostimulatory effect, leading to 

the development of absolute refractoriness and regression of the reproductive tract .  In 

birds exhibit ing absolute refractoriness, reproductive acti v i ty can only be stimulated 

again after exposure to short days (i .e. the response to critical daylength needs to be 

"reset") .  Relat ive refractoriness occurs when the photoinduced inhibi tory input is weak, 

and has no effect on reproductive acti vity until daylength decreases. The 

photostimulatory effect is  weakened by decreasing  day length, al lowing i t  to be 

overridden by the photoinhibi tory i nfluence, resu l ting in regression of the reproductive ' 

tract. In birds that show relati ve photorefractoriness, a period of short daylength i s  not 
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F ig ure 1.1. Changes in the morphological appearance of the Japanese quail ovary 
and oviduct from a reproductively inactive state to sexual maturity. The change 
from a completely regressed reproductive system CA) to a fully developed ovary 
and oviduct (D) occurs in approximately two to three weeks in response to 
increasing day length. 
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b--- Large white follicle 

Small yellow fol licle 

F ig ur e  1.2. The ovary of a laying quail consists of a hierarchy of large yellow 
follicles, identified as F l ,  F2, F3, F4 and F5, and several thousand small follicles 
from which hierarchical follicles are recruited. The smaller follicles are classified 
according to their diameters as small yellow follicles (4-8 mm), large white follicles 
(2-4 mm) and small white follicles (> 1 mm). 
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Figure 1 .3. A diagrammatic comparison of the structure of a small whi te fol l ic le  
CA)  and a large yel low fol l ic le  CB) from the ovary of a chicken. Smal l fol l ic les 
contain less yolk, several l ayers of granulosa cel l s  and have a less wel l 
devel oped vascular system.  I .  cap i l l ary network; 2. yo lk ;  3 .  granulosa cel l s; 4.  

vi tel logen in  membrane; 5. basement membrane; 6 .  theca cel ls .  From Etches, 
1 996. 
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required, and development of the reproductive system can be stimulated again by 

increasing daylength (Sharp, 1 996). 

For domesticated birds such as chicken and quail, the timing of reproduction can be 

easily manipulated to advance the onset of lay, maximise egg production, and increase 

egg size and quality, simply by providing the appropriate lighting regime (Etches, 

1 996). 

1.3 The avian ovary 

1.3.1 S tructure of the ov ary 

The ovary of a juvenile bird l ies in the cranial part of the body cavity, is triangular in 

shape, brownish red in colour and weighs 0.3 - 0.5 g in chickens (Gal/us domestic us; 

Amin and Gilbert, 1 970) and 0.06 - 0.09 g in Coturnix quail (Tanaka et al. , 1 965). The 

j uvenile ovary consists of a central medulla surrounded by the cortex, the surface of 

which is granular in appearance due to the large number of small white fol l icles 

embedded in the parenchymatous tissue. Each fol l icle contains an ovum that is 

confined by a vitel line membrane that is surrounded by several layers of granulosa cel ls. 

When the bird becomes sexually mature the ovary increases in weight to approximately 

60 g in the chicken (Romanoff and Romanoff, 1 949) and 1 0- 1 2  g in the Japanese quail 

(personal observations). There is some increase in the mass of the medulla and cortex, 

but the increase in weight is due primarily to the development of large, yolky ovarian 

fol l icles (Figure 1 . 1 ). The mature ovary of domestic chickens consists of a hierarchy of 

5 - 7 yolk fil led fol l icles (Figure 1 .2). The largest fol l icle, which wil l  be the next 

fol l icle to ovulate, is referred to as the F I  fol l icle, the second largest F2, and so on. A 

mature F I fol l icle is ovulated each day throughout a laying sequence and the F2 fol l icle 

then becomes the F1 fol l icle that wil l  ovulate the following day. The hierarchy is 

maintained by recruitment of small fol licles into the hierarchy. The maturing fol l icle 

consists of several tissue layers, as shown in Figure l .3 .  As fol l icles grow, the 

granulosa tissue is reorganised into a single layer. The vascular system within the 
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F igur e 1 .4. Diagram of the hypothalamic-pituitary-gonadal axis. In response to 
stimulatory photoperiodic conditions, GnRH neurons release GnRH, which acts on 
the pituitary to stimulate synthesis and release of LH and FSH. LH and FSH bind to 
receptors within the ovary ( or testes) and stimulate production of progesterone and 
estradiol from the ovary (or testosterone from the testes). The reproductive steroids 
participate in the control of gonadotropin secretion through feedback systems, and 
support development of secondary sexual characteristics. 
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thecal l ayer increases in  size and capacity I n  order to faci l i tate transport of yolk 

precursors i nto the devel oping  fol l icle from the l i ver. The vascular network also al lows 

dispersal of steroidogenic products from the ovary to target t issues. The steroidogenic 

thecal ti ssue also contains extensive innervation,  the function of which i s  unknown . 

1 .3.2 Development and maintenance of the follicular hierarchy 

The ovary is part of the hypothalamic-pitui tary-gonadal axis (Figure 1 .4). Two forms of 

GnRH have been iso lated from the chicken hypothalamus, GnRH-I and GnRH-ll 

(Miyamoto et al. ,  1 984) .  On ly GnRH-I appears to be i nvolved in stimulat ing the release 

of gonadotropins from the pitu i tary, whereas GnRH-ll is thought to function as a 

neurotransmi tter (Maney et al. , 1 997). GnRH i s  transported to the anterior pituitary v ia  

the  hypothalamic portal system, where i t  stimulates the synthesi s  and release of  the 

gonadotropins ,  lute in i s ing hormone (LH) and fol l i c le-st imulating hormone (FSH) .  LH 

and FSH regu late fol l i cu lar growth and are i nvolved in maintenance of the fol l icu lar 

h ierarchy. LH is the most active stimulator of steroidogenesis in  both hierarchical and 

non-hierarchical fol l ic les, and is  also involved in the i nduction of ovulation of the 

largest yel low fol l icle.  LH and FSH bind to receptors within the ovarian fol l ic les ,  

which stimulates androgen and estrogen synthesis i n  the thecal layer of smal l fol l icles, 

and progesterone production from granu losa cel l s  of the pre-ovulatory fol l ic le  (Gi lbert, 

1 97 1 ). The smal l yel low fol l icles are also capable of producing progesterone, but i n  

these fol l icles progesterone may be converted to androgens or estrogens i n  the theca 

layer. The avian reproductive steroids (androgens ,  estrogen and progesterone) 

participate in the control of gonadotropi n  secretion through negative and posi ti ve 

feedback systems, and support development of secondary sexual characteristics and 

growth of the reproductive tract. 

On ly  a very smal l number of the total popu lation of small fol l icles wi l l  enter the rapid  

growth phase, wh i l st the  vast majority become atretic .  The biological and physiological 

processes contro l l ing the entry of fol l ic les to the h ierarchy are not c lear, although it 

appears that the gonadotropins pl ay a key role .  The time at which fol l icles enter i nto the 

h ierarch ical subcl ass i s  not well defined but is  l imi ted to a 4-8 hour period of the day. 
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In general , one fol l ic le is recruited i nto the hierarchy  for each ovum released by 

ovulat ion , thereby main taining between 7 and 1 0  fol l i cles in the h ierarchy (Etches, 

1 990; 1 993) .  There are everal hypotheses concerning the factors contro l l ing fol l ic le 

selection and maintenance of the fol l icular hierarchy, and these wi l l  be discussed below.  

S teroid production i n  the thecal layer is thought to  be primari ly  under the control of LH, 

and isolated thecal cel l s  from 3-8 mm fol l icles of chickens express LH receptor mRNA 

and contain measurable levels of cytochrome P4so s ide-chain c leavage (P450SCC) and 

P4SO l 7a-hydoxylase (P450 l 7a-OH) mRNA (Kowal ski et al. , 1 99 1 ;  10hnson et al. , 

1 996) . P450SCC and P450 1 7a-OH are enzymes i n  the steroid synthesis pathway. 

However, h igh does of FSH can stimulate teroid production by thecal cells in vitro 

(Kowal ski et ai. , 1 99 1 ) . In contrast, the granulosa cel l s  from 3-8 mm fol l ic les h ave very 

low level s of P450SCC mRNA, are devoid  of LH mRNA and are consequently unable to 

produce steroids (Ti l l y  et al. , 1 99 1 ) . In vitro incubation wi th LH therefore fail s  to 

st imulate cAMP formation or steroid production. However, human (Homo sapiens) 

FSH and vasoact ive intest inal peptide (VIP) can stimulate cAMP production i n  

granulosa cel l s ,  but fai l  to stimu late progesterone production due to the lack of P450SCC 

enzyme act iv i ty .  After an 1 8-24 hour i ncubation period both FSH and VIP, acting  v ia  

cAMP,  can  i nc rease P450SCC mRNA levels and i nduce progesterone production (Ti l l y  

e t  al. , 1 99 1 ;  10hnson e t  al. ,  1 994, cited i n  10hnson, 1 996).  These results suggest that 

FSH and also VIP may have a cri tical role either i n  d irectly s ignal l ing fol l ic le selection, 

or in promoti ng differentiation once a fol l ic le has entered the rapid growth phase. 

Insul i n-l i ke growth factors I and I I  ( IGF-I  and IGF-II) are peptides that stimulate cel l 

d iv is ion and di fferent iation in vitro (Rotwein ,  1 99 1 ,  cited i n  Armstrong and Hogg, 

1 996) and are thought to be involved in the control of ovarian function. The ovary i s  a 

major s i te for IGF production (Adashi and Roban, 1 992) and IGF-I has been shown to 

enhance the action of gonadotropins on granulosa and thecal cel l s  in vitro (Onagbesan 

et al. , 1 999a) . Armstrong and Hogg ( 1 996) found an IGF-II variant i n  the granulosa 

cel ls of only a proportion of smal l yel low fol l ic les that i s  expressed for a short period 

dur ing  fol l icu l ar development. The expression of this variant coincides with the period 

dur ing  which smal l fol l icles are selected for recrui tment in to the fol l icular h ierarchy.  

Therefore, it has been suggested that on l y  fol l ic les expressing the IGF-II  variant are 

recru ited into the h ierarchy, and if the variant is not expressed, the fol l i c le becomes 
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atretic ,  i ndicat ing that the IGF-II  variant may have a major role  i n  development of the 

fol l icu lar h ierarchy .  

The h ighest level s of ovarian inhibin are produced by the largest preovulatory fol l i cles 

(F4 to F 1 ), and c i rculating level s of inh ib in are negatively correlated w ith the rate of 

lay. Inh ibin may act as a paracrine or autocrine factor with in the ovary, or may 

influence pi tu i tary FSH secretion in order to regulate the rate of fol l icular di fferentiation 

(Wang and Johnson, 1 993) .  

Urokinase is an enzyme involved in cel lu lar remodel l ing,  reorgan isation and extra- and 

in tra-cel lu lar matrix turnover. There i s  increased expression of urokinase in  6-8 mm 

fol l ic les from ch ickens compared to 3-Smm fol l icles .  Urokinase mRNA levels and 

act iv i ty dec l i ne abruptl y once a fol l ic le has entered the h ierarchy (Ti l l y  et al., 1 992), 

indicating that urokinase may be required to fac i l i tate selection of a fol l ic le i n to the 

rapid growth phase. 

Yosh imura et al. ( 1 994) showed that the germinal d isc region of the developing fol l ic le  

i s  involved in  maintenance of the fol l icu lar h ierarchy .  Destruction of the germinal disc 

region can in i t iate atresia i n  preovulatory fol l ic les .  It has been suggested that the 

germinal disc region provides paracrine s ignals to the outer granulosa l ayer that are 

important for maintain ing fol l ic le viabi l i ty (Yoshimura et al . ,  1 994) .  

I t  has been suggested that inhibitory or  stimulatory effects of  fol l ic les on  adjacent 

fol l ic les may be i nvolved in  fol l icular recrui tment (John son , 1 996), as i s  the case i n  

mammal ian ovaries .  However, there i s  current ly  no evidence to  support th i s  theory. 

1.3.3 Ovulation 

Once a fol l ic le  has reached fu l l  maturity (F I stage) i t  i s  ready to ovulate. Chickens 

ovul ate and lay eggs in  sequences. Each ovulation occurs approximate ly 24-27 hours 

after the previous ovu lation, and a sequence w i l l  usual ly  end when an ovu lation occurs 
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approximatel y eight hours after the first in  the sequence. There is general l y  a 38-40 

hour gap before the first ovu lation of the next sequence occurs (Etches, 1 993) .  

There are substantial changes in  steroid production and responsiveness to gonadotropins  

and reproductive steroids as the F I  fol l ic le approaches the time of  ovulation.  The 

production of androgen and estrogen in  the thecal l ayer, which has an inhibi tory effect 

on progesterone production, decreases markedly as the fol l ic le reaches the final stages 

of maturation (Mori et al., 1 985) .  During the l ast few hours prior to ovulat ion, 

progesterone is the only steroid produced by the F l  fol I icle.  The increase i n  p lasma 

progesterone concentrations triggers an increase in the secretion of GnRH from the 

hypothalamus.  GnRH, in turn, in i t iates secretion of LH. The i ncreased LH 

concentration 111 the blood perfusing the F l  fol l ic le stimulates further secretion of 

progesterone, which continues to drive secretion and release of LH. This posi ti ve 

feedback loop generates the preovulatory LH surge, which eventual ly  causes rupture of 

the F I  fol l ic le (Etches, 1 996). 

The mechanisms contro l l i ng the changes in  ovarian steroidogenesi s  in fol l ic les 

approaching ovul at ion are not fu l ly  understood. The number of FSH receptors 

decreases gradual l y  as the fol l icle matures (Etches and Cheng, 1 98 1 ;  Ritzhaupt and 

Bahr, 1 987),  but the decrease is not abrupt enough to explain the major shift i n  

steroidogenesis .  Kikuchi and Ishi i  ( 1 992) found that the affi n ity of the L H  receptor i n  

the thecal l ayer increased three-fold between stages F2 and F l , whi lst the number o f  LH 

receptors decreased s ignificant ly .  Consequently,  there was a decrease in  LH bind ing to 

about one fourth that of smal ler fol l ic les .  There was no  change i n  LH receptor number 

or affin ity in  the granulosa t issue of FI or F2 fol l ic les .  The decrease i n  LH binding i n  

the thecal layer corresponds precisely with the change i n  steroidogenic activ i ty (Doi et 
al. , 1 980; Mori et al. , 1 985 ;  Mori and Kantou, 1 987),  suggesting that the change in the 

number of LH receptors is  somehow related to the change from estrogen to 

progesterone production. Kikuchi and Ishi i  ( 1 992) hypothesised that the decrease i n  

L H  receptor number and affin i ty decreases the sensi t iv i ty of thecal tissue to LH, which 

i n  turn decreases the production of estrogen and androgen . This reduces the inhibitory 

effect of estrogen and androgen on progesterone production, and as a consequence, 

increased progesterone production and subsequent ovulation occur in the F I  fol l ic le .  
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It i s  not clear what function the avian postovulatory fol l ic le has in rel ation to ovu lation . 

Un l ike the mammal ian corpus lu teum, the avian post-ovulatory fol l icle i s  only active for 

approximately 24 hours (Gi lbert, 1 979). The postovulatory fol l ic le must be involved i n  

the oviposit ion process, as excision of the post-ovul atory fol l icle results in delayed 

oviposit ion of the egg derived from that fo l l icle (Rothch i ld  and Fraps, 1 944; Gilbert, 

1 979) .  When the postovul atory fol l icle was left intact and the oldest maturing fol l ic le 

removed, oviposi l ion occurred at the predicted ti me (Rothchi Id and Fraps, 1 944) . 

The mechanisms invo lved in ovarian development, fol l icular maturation and ovul ation 

have now been discussed, but what is the best way of inducing growth of the 

reproductive tract in reproductively inactive birds using exogenous hormones? 

Treatment with GnRH should  stimulate release of LH and FS H from the pitui tary, and 

set in motion the normal cascade of events leading to ovulation of a viable egg. 

Init iati ng the release of pituitary gonadotropins could be bypassed by treating birds with 

LH and FSH in order to have a direct effect on ovarian tissue . The structure and 

function of avian and mammal ian gonadotropic hormones wi l l  now be di scussed and 

compared in Sections 1 . 3 and 1 .4 to assist in plann ing an approach to stimulating 

reproducti ve act iv i ty in birds using exogenous hormones. 

1 .4 Comparison of avian and mammalian gonadotropins 

In order to st imulate ovarian growth, ovu lation and oviposition in birds using exogenous 

reproductive hormones, i t  wou ld be logical to use avian pituitary gonadotropins .  

However, synthetic avian gonadotropins are not avai lable commercial l y  and 

considerable time, effort and expense are associated with col lecting chicken pitu i taries 

and extracting the gl ycoprotein  fraction . Avian gonadotropins are not used in the 

commercia l  pou ltry industry, so there is l i ttle demand for them. The extraction of 

thousands of chicken pitu i taries yields less than 2 g of dried glycoprotein powder, 

which is enough to treat less than 20 quai l  with a s ingle injection . Recombinant avian 

LH and FS H cou ld be produced, but this has not been done as yet . 
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Mammal ian gonadotropic hormones are more readi ly  avai lable, and have been used i n  

much of the research i nvolving stimulation of reproduction i n  vertebrates. 

Gonadotropins of mammal ian origin have been used to st imu late ovarian and fol l icu lar 

growth and induce ovulation in  commercial l i vestock such as cattle  (Bovis domesticus; 

Gonzalez et al. , 1 994b ;  Fricke et al. ,  1 997), sheep (Ovis aries; Ryan et al . ,  1 99 1 ; 

McNatty et al . ,  1 993) ,  goats (Capra hircus; Saharrea et al . ,  1 998) and pigs (Sus scrota; 

Bolamba et al . ,  1 992), and i n  various fish species (Hodson and Sul l i van, 1 993 ; Hass in  

et al. , 1 997). Human chorionic gonadotropi n  (hCG) and pregnant mare serum 

gonadotropin (PMSG, al so known as equine chorionic gonadotropin )  are used more 

often than mammal ian LH or FSH for this purpose, as they are readi ly  avai l able and 

eas i ly  extractable sources of potent gonadotropic hormone. PMSG, un l i ke the other 

reproduct ive gonadotropins,  is not produced by the p i tu i tary gland, and is i nstead 

secreted by endometrial cups of the placental tissue during  pregnancy. It is u nusual 

amongst the gonadotropins as al though i t  consists of only one molecule, i t  has both LH­

and FSH-l ike activi ties (Al ien and Stewart, 1 992; Hoppen, 1 994) .  

For mammal ian gonadotropins to  stimulate ovarian development and i nduce ovulation 

in  non-mammal ian vertebrates, there must be considerable  structural and functional 

s imi larity between the gonadotropins from differen t  vertebrate c lasses. LH and FSH 

receptors must also share some common characteri stics among the h igher vertebrates. 

The structural and functional properties of the gonadotropins  are coded for by the 

nuc leotide sequence of the LH, FSH and CO cDNA. The nucleotide and amino acid  

sequences of each component of  LH, FSH and PMSG cDNA, as well as their receptors 

w i l l  be d iscussed below. Particular emphasis w i l l  be p laced on the gonadotropic  

hormones from chickens, qua i l  and equ ids where information i s  avai l able. 

1 .4.1 Structure of the gonadotropins 

LH, FSH and PMSO are all heterologous dimer glycoproteins that consist of non­

covalen tl y bound a- and p-subun its. The a-subun i t  of these hormones, as wel l  as 

thyroid-stimulati ng hormone (TSH), is common with in a species, whi l st the p-subuni t  i s  

d ifferent and confers the  b iological specificity of  each part icu l ar heterodimeric protein .  
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1.4. 1. 1  The common o.-suhunit 

The common a-subun i t  i s  thought to confer l ittle or no biological act iv i ty to the 

gonadotropins ,  and therefore analysis of its molecular structure has received l i ttle 

attent ion compared to the �-subun its. In al l species examined so far, the a-subuni t  has 

been shown to be encoded by a single  gene. Complementary DNA encoding the 

common a-subun i t  from the chicken pituitary gland was first c loned and sequenced by 

Foster et al. ( \  992) . The deduced amino acid sequence of the common a-subun i t  i s  

1 00% homologous between chicken ,  quail and turkey (Meleagris gallopavo), and 

consi sts of a signal peptide of 24 amino acid residues and an apoprotei n  region of 96 

res idues. Predicted amino acid  sequences of chicken , quail and turkey a-subun i ts can 

be compared with those of other vertebrates (see Table  1 . 1 for signal peptide region and 

Table 1 .2 for apoprotei n  region) .  

Table 1.1. Homologies (percentage) for amino acid  sequence of s ignal peptide for the 

common a-subun i t  (From Ish i i  et al. ,  1 993 ; Ando and Ishi i ,  1 994) . 

Human 67 7 1  75 7 1  7 1  7 1  4 1 7  
Rat 7 1  7 1  67 67 67 4 22 

Bovine 92 75 75 75  9 26 
Porcine 75 75 75 4 22 

Quail 1 00 1 00 4 1 7  
Chicken 1 00 4 1 7  

Turkey 4 1 7  
Salmon 22 

Carp 

There is 1 00% homology of the ami no acid sequence between avian species I n  the 

signal peptide region. The deduced amino acid sequence of the s ignal peptide region of 

the av ian a-subun i t  shows h igh homology with the sequences of mammals (67-75%), 

and i s  very simi l ar to the i n tra-mammalian homology values (67-92%).  The sequence 
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of the teleost signal peptides showed low homology values to b irds (4-22%) and 

mammals (4-30%) and these values reflect the large phylogenetic d istance between 

teleosts and tetrapods. 

Table 1 .2. Homologies (percentage) for amino acid  sequence of apoprotein  for the 

common a-subunit (From Ish i i  et al . ,  1 993 ; Ando and Ish i i ,  1 994). 

Human 80 7 1  7 1  69 69 70 59 68 

Rat 93 96 80 80 70 65 74 

Bovine 97 85 85 72 66 72 

Porcine 84 84 72 66 72 

Quail 1 00 75 66 7 1  

Chicken 75 66 7 1  

Bullfrog 6 1  66 

Salmon 7 4  

Carp 

The apoprotein  region consists of 96 amino acid res idues in al l avian and mammalian a­

subun its examined so far, including the horse (Equus caballus; Bousfield et al. , 1 996). 

In contrast to the s ignal peptide region , homology values between vertebrate c lasses are 

high (59-85%) i n  the apoprotei n  region . The values do become smal ler as phylogenetic 

distances i ncrease, but the overal l values suggest this region is  more h igh ly conserved 

than the s ignal peptide region . Once again ,  there is good homology between avi an and 

mammal ian amino acid sequences in th is  region (69-85%).  

Foster et al .  ( 1 992) found amino acid homology between chicken,  cattle, human, mouse 

(Mus musculus) and rat (Rattus norvegicus) a-subunits in several regions that they 

bel ieved were important in  gonadotropin-receptor in teractions, non-covalent binding of 

the a-subuni t  to the p-subun i t, and the secondary structure of the a-subuni t .  Two 

putative g lycosy lation sites were found at posit ions 56-58 (Asn-X-Thr) and 82-84 (Asn­

His-Thr) in  the chicken a-subunit (Foster et al., 1 992). The number and pos it ion of 

these s i tes has been conserved in all species studied. B ie l inska and Biome ( 1 989) 
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showed that amino acids 37-40 are essential for recombination of the 0.- and �-subunit 

of hCG, and this region is strictly conserved in  al l mammal ian and avian species, which 

have been anal ysed. Cysteine residues are involved in  structural fold ing and maintain 

stable conformation of the proteins .  Ten cysteine residues were found in the chicken 0.­

subun i t  (Foster et al. , 1 992) i n  exactl y the same positions as had been reported for al l 

other species, inc luding the horse (Hoppen, 1 994). 

The a.-subunit  is bel ieved not to contribute to the binding action of the gonadotropins  to 

their receptors. Therefore it is  not surprising that the primary and secondary structure of 

the a.-subunit has been highly conserved throughout evolution. The equ i ne a.-subun it, 

however, may differ quite substantial ly from the a.-subunit of other mammals. PMSG is 

an unusual member of the gonadotropi n  fami ly  as i t  is a s ingl e  molecule that possesses 

both LH- and FSH- l ike act ivi ties in a rat bioassay (Moore and Ward 1 980, c i ted i n  

Sugino e t  al. ,  1 987) .  Homology between the amino acid sequences of the equi ne 0.­

subun i t  and those of other mammals is  68-80% (Stewart et al. ,  1 987). Interestingly ,  

there are five amino acids (positions 33 ,  70,  87,  93  and 96) that are conserved in al l  

mammals studied except the horse . Although i t  i s  bel ieved that the a.-subun i t  i s  not 

i nvolved i n  receptor-binding specificity, i t  has been suggested that the a.-subun i t  does 

i nteract wi th the receptor ( M i l i u s  et al. ,  1 983 ,  cited in Stewart et al., 1 987) .  It i s  

possib le that the anomalous binding of  PMSG to  both LH and FSH receptors 

(Combarnous et al. , 1 984) is ,  i n  part, due to the unusual amino acid substitutions with in  

the a.-subunit .  

1.4. 1.2 The LHICG fi-subullit 

Chicken pitui tary cDNA encoding the LH �-subuni t  was first cloned and sequenced by 

Noce et al. ( 1 989) .  This was the first time that the molecular structure of an avian LH 

�-subun i t  had been investigated. The LH �-subun i t  cDNA has been c loned and 

sequenced for several other vertebrates, and the homologies between the primary 

protei n  structures for each group are shown in Table  1 .3 for the signal peptide region 

and Table 1 .4 for the apoprotei n  region. 
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Table 1 .3. Homologies (percentage) for amino acid sequence of s ignal peptide for the 

LH �-subunit  (From Ishi i  et al. , 1 993 ; Ando and Ish i i ,  1 994) . 

Human 70 70 75 40 35 20 1 0  

Rat 70 75 40 30 20 1 5  

Bovine 85 45 35 1 5  1 5  

Porcine 35 25 20 1 5  

Quail 54 26 1 5  

Chicken 22 7 

Salmon 4 

Carp 

The signal peptide region of LH � -subun i t  cDNA consists of 39 amino aci d  residues i n  

the chicken (Noce e t  al. ,  1 989), 47 i n  the Japanese quail (Ando and Ishi i ,  1 994) and 3 9  

i n  the turkey (You e t  al. ,  1 995) .  This region is  considerably longer i n  these birds than 

the LH p -subuni t  signal peptide region of mammal ian species such as the rat (20 amino 

acid res idues; Chin et al . ,  1 983 ,  ci ted in  Noce et al. ,  1 989) and human (20 amino acid 

res idues; Talmadge et al. , 1 984), and the l ong leader sequence may be a characteristic 

of the avian p-subunit .  The signal peptide sequence is thought to be involved i n  

maturation  and secretion of hormones, and may confer some species specific i ty t o  the 

act iv i ty of the LH molecule. 

In the s ignal peptide region , the homology between quail and mammals is 1 0% h igher 

than the homology between chicken and mammals ,  suggesti ng  greater functional 

s imi larity of the LH �-subunit between quai l  and mammal ian species. 

There is  a relat ively constant i nterc lass homology between the d ifferent  vertebrate 

groups i n  the amino acid sequence of the apoprotein region. Ando and Ish i i  ( 1 994) 

explained that the LH p-apoprotein molecule  consists of two portions, one of which has 

been conserved through all vertebrate c lasses and occupies approx imatel y  45% of the 

molecu le .  The other 55% is complete ly divergent among vertebrate c lasses, hence the 

s imi lar homologies between species for the entire apoprotein region.  Most protei n  and 
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peptide molecules consist of a variable portion , but this usual ly  differs only partial ly  

from class to  c lass. Ando and Ish i i  ( 1 994) suggested that the variabl e  portion of the LH 

�-apoprotein evolved rapidly, so that as new vertebrate classes appeared, no common 

sequences were conserved in th is  region . It is  bel ieved that the conserved portion i s  

requ ired for expression of  LH acti vity ,  and the variable portion for the  expression of 

species specificity .  Ishi i ( 1 988) reported that the interaction of LH and its gonadal 

receptor is specific to an imal class, and that in h igher vertebrates the specificity of the 

LH-LH receptor interaction may be due to the h igh ly  variable amino acid sequence of 

the LH �-sublln i t  molecule. 

Table 1 .4. Homologies (percentage) for amino acid sequence of apoprote in for the LH 

�-sllbunit (From Ishi i  et al. , 1 993 ;  Ando and I sh i i ,  1 994). 

Human 72 70 74 48 48 42 44 49 

Rat 82 89 45 45 44 39 45 

Bovine 85 44 43 44 39 42 

Porcine 45 44 44 40 43 

Quail 92 39 45 47 

Chicken 4 1  45 48 

Bullfrog 4 8  5 0  

Salmon 77 

Carp 

The apoprotein  region of the LH �-subunit consists of 1 1 9 residues in the Japanese quai l 

(Ando and Ish i i ,  1 994), 1 2 1  residues i n  most mammalian species (Bousfield et al. , 
1 996),  and 1 49 residlles in  the horse (Bollsfield et al. ,  1 994). The amino acid sequence 

of the pregnant mare serum gonadotropin �-subuni t  is  identical to the equine LH P­

sublln it , so it can be read i ly  compared with the LH p-subllnit  of other vertebrates. The 

s ign ificance of the C-terminal extension i n  the equid LH and PMSG p-subunit  

apoprotein region i sti l I  unc lear. It may be related to express ion or secretion of the 

hormones in the placental tissue, or s imply serve to increase the bio logical half- l ife of 
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the hormones (Al ien and S tewart, 1 992).  Despite the C-terminal extension, the horse p­

subun i t  sti l l  shows 70% homology with p-subunits from other mammals .  

The PMSG p-subunit is  also highly g lycosylated,  contain ing the h ighest amoun t  of 

carbohydrate (consisting of N- and 0- l i nked chains) of al l the mammal ian pitui tary or 

p lacental gonadotropins (Al ien and Stewart, J 992; Hoppen, J 994). The high degree of 

g lycosy lation is thought to extend the half- l i fe of the hormone as wel l as contributing to 

receptor binding affinity (Al ien and Stewart, 1 992) . Glycosylation is essenti al for the 

biological functioning of most gonadotropins. It has therefore been suggested that the 

"unusual" gl ycosyl ation exhibited by the equine p-subunit leads to "unusual" functions 

of the gonadotropin ,  and may be involved in the dual LH- and FSH-l i ke act iv i ty of 

equine LH and PMSG (Hoppen, 1 994) .  

Several functional regions in the ami no acid sequence have been compared between 

vertebrate groups. Chicken LH p has a l arge number of codons ending in G and C 

(approx imately  70%).  The incidence of codons ending in  G and C i s  also h igh for 

mammals (68-85%),  and may represent a common feature of the gonadotropi n  p­

subun i t  gene among vertebrates (Noce et al. ,  1 989).  The polyadenylat ion s ignal 

sequence, AATAAA, of chicken LH-P precursor cDNA has a dual function as i t  

consi sts of part of the last codon and the termination codon, as  wel l as  the 

polyadenylation s ignal (Noce et al. , 1 989) .  Simi lar dual ism in this region has been 

reported for quai l LH-P (An do and Ishi i  1 994), turkey LH-P (You et al., 1 992) ,  hCG 

(Fiddes and Goodman , 1 980) and bovine FSH (Esch et al . ,  1 986, cited i n  Ish i i  et al. ,  

1 993) .  

There are several secondary structural features of the LH p-subuni t  that have been 

conserved 1 11 vertebrate groups, suggesting functional s imi larities between 

gonadotropins from different  species. The sequence between posi tions 84 to 88 (Val­

A la-Leu-Ser-Cys), bel ieved to be necessary for the binding of LH receptors or the 

expression of LH activity, and the receptor binding domain (positions 56-59, Val -Cys­

Thr-Tyr) are conserved in the LH p-subunits in a l l  tetrapod vertebrates and in most 

gonadotropin p-subunits in teleosts (Ishi i  et aI., 1 993) .  Position 1 3 , Asn, is an 

attachment s i te for the carbohydrate moiety, and is  also conserved in al l vertebrate 

spec ies for which the LH p-subunit  has been sequenced (Ish i i  et al. , 1 993) .  The twelve 
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cyste ine residues at positions 9, 23,  26, 34, 57, 72, 88,  90, 93,  1 00 and 1 1 0 are 

conserved i n  al l vertebrate species for which sequences are known (Noce et al. , 1 989;  

Ish i i  et  al. , 1 99 3 ;  Ando and Ish i i ,  1 994; Hoppen , 1 994). 

Noce et al. ( 1 989) determined that there are 1 5  prol ine residues withi n the chicken LH 

�-subun it .  The pos i t ion of these res idues coincides with the 1 5  residues present  in the 

quail LH �-subun i t  (Ando and Ishi i ,  1 994), and 1 0  of these are also in the same posi t ion 

as Pro res idues of other vertebrates for wh ich the secondary cDNA LH � structure has 

been determined. There are a total of 20 Pro residues present i n  the LH p-subuni t  of 

mammal s  (Ish i i ,  1 993) ,  and only seven in the bul l frog (Rana catesbeiana; Ish i i ,  1 993) .  

Prol i ne  res idues stabi l ise the nat ive structure of the prote in ,  as  the prol ine side cha in  i s  

fixed by a covalent  bond to  the main chai n ,  and therefore provides more rigidity to  the 

protei n  structure than any other res idue. H igh rigidity i ncreases the specifici ty of the 

prote in -receptor i n teract ion, therefore the relati vely high numbers of Pro residues in the 

avian and mammal ian LH p-subuni ts are considered to enhance LH-LH receptor 

b inding specific i ty ( Ishi i  et al. ,  1 993) .  This supports the hypothesis  of Ish i i  ( 1 988) that 

the n umber of pro l i ne residues in  the LH �-subun i t  i ncreases as the vertebrate c lass 

becomes phylogenetical ly higher. 

The LH p-subun i t  is responsible for species specific i ty of the LH molecule, and has 

therefore undergone a greater number of nucleotide mutations and amino acid  

substi tut ions throughout evolution than the common a-subuni t ,  a s  shown in  the 

homology tables. However, many of the regions that are i nvolved in  receptor-binding 

i n teract ions and formation and stabi l i sation of protein structure have been conserved 

among the vertebrate c lasses. 

1.4. 1 .3 The FSH p-sllbllllit 

Cloning of cDNA encoding the FSH �-subunit has, unti l recently, been l im i ted to 

mammal i an species .  Kikuchi et al. ( 1 998)  were the first to sequence the FSH �-subun i t  

in  a non -mammal ian tetrapod vertebrate (the Japanese quai l ) ,  al though bul lfrog and 

ostrich (Struthio camelus) FSH B-subun its have been chemical l y  isolated and their 
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pri mary structures reported (Hayashi et al. , 1 992; Koide et al. ,  1 996) . Consequent ly ,  

there is  considerab l y  l ess information avai l able about the structure and function of the 

FSH �-subunit than the LH �-subunit .  

The putative quai l FSH �-subuni t  consists of 20 amino acids in the signal peptide region 

and I I I  residlles in the apoprotein region (Kikuchi et al., 1 998) .  The homologies 

between the FSH �-sublln i t  of the few species that have been analysed are shown i n  

Table 1 . 5 .  

Table 1.5. Homologies (percentage) for the overal l amino acid sequence of the FSH p­

subunit (data from Kik llchi  et al. , 1 998) .  

Mammals' 6 1 -70 

Quail 86 
Ostrich 

" 
Combined data for horse, human, sheep, cow, rat and pig. 

58 

Bullfrog 

The homology of the prImary structure of the FSH p-subunit between aVIan and 

mammal ian species (6 1 -70%) i s  similar to the homology of the amino acid  sequence i n  

the common a-subunit  (67-75%) .  The primary structure of  the LH �-subuni t  i s  far l ess 

conserved among species :  43-48% between Japanese quail and mammals .  Ish i i  ( 1 988) 

and Ish i i  et al .  ( 1 99 3 )  have hypothesised that the h igh ly  conserved amino acid  sequence 

in  the FSH �-subun i t  i ndicates comparatively slow evolution of the FSH �-subun i t  when 

compared with the LH �-subunit , and consequent ly,  the LH-LH receptor in teraction 

shows a h igher species specific i ty than the FSH-FSH receptor i nteraction . 

There are several structural s imi larities between the FSH �-subunits of the vertebrates 

species so far examined. The number and posit ion of 1 1  cysteine residues are common 

in the Japanese quai l ,  ostrich, bu l l frog and mammals (Kikuchi et al. , 1 998) .  The FSH 
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�-subun i t  of the Japanese quail contains two potent i al gl ycosylation sites (Asn-X-Thr) 

and these are common among vertebrates .  The sequence for i nteraction with the u­

subun i t  (Cys-X-Gly-Tyr-Cys) at posi tions 26-30 has been conserved in birds, mammals 

and the bul lfrog (Kikuchi et al. , 1 998) .  

There are seven prol i ne res idues in the quai l FSH �-subun i t  (Kikuchi et al. ,  1 998) ,  

which i s  s imi lar to the number of Pro residlles found i n  other vertebrates (5-6;  Ishi i ,  

1 993) .  The s imi l ar number of Pro residues i n  the FSH p-subun i t  across vertebrate 

groups supports the theory of Ishi i  et al. ( 1 993) that the in teraction of FSH w ith  i t s  

receptor is  less  species specific than the LH-LH receptor i n teraction .  

1.4.2 Structure of the gonadotropin receptors 

The receptors for LH, FSH and TSH are G prote i n-coupled hormone receptors that 

contain seven transmembrane domains  and act ivate adenylyl  cyclase after b indi n g  

(Mizutani e t  al. ,  1 998) .  Information o n  the characterist ics o f  gonadotropi n  receptors 

provides valuable i n s i ghts i n to various aspects of gonadotropin  function . For 

mammal ian hormones to i n i ti ate appropriate respon ses in non-mammal ian vertebrates, 

it is crucial that the receptors are sufficiently s imi l ar between vertebrate groups to a l low 

b ind ing of the gonadotropi ns .  This section wi l l  compare the amino acid  sequences and 

secondary structures of LH and FSH receptors i n  different  vertebrate groups . 

1 .4.2. 1 The LH receptor 

Complementary DNA sequences for the LH receptor have been determined for many 

mammals (Mizutani et al. ,  1 998) .  Akazome et al. ( 1 994) and Johnson et al. ( 1 996) 

reported partial DNA sequences for the quai l and ch icken LH receptors respect ively,  

and i t  was not unt i l  1 998 that a complete DNA sequence for the LH receptor i n  ch ickens  

was reported by MizlItani et al .  ( 1 998). The mature receptor protein of  the chicken LH 
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receptor consists of an extrace l lu lar domain of 366 amino acid  residues and a 76-amino 

acid C-terminal i ntrace l lu lar domain (Mizutani e t  al. , 1 998) .  

The LH receptor homologies between birds and mammals (67-69%,  see Table 1 . 6) are 

lower than the intra-mammal ian homologies (85-88%) .  However, differences i n  the 

primary structure do not necessari l y  lead to differences in the functioning of the 

receptor. In fact ,  the binding properties of ovarian LH receptors of the Japanese quai l ,  

such as temperature dependency and saturabi l ity, are s imi lar to those reported i n  the 

gonads of other vertebrates (Kikuchi and Ishi i ,  1 992). 

Table 1 .6. Homologies (percentage) for amino acid  sequence of the LH receptor (data 

from Akazome et al., 1 994; Mizutani et al. , 1 998). 

H uman 86 

Rat 

8 8  

85 

Porcine 

68 

67 

69 

Quail 

67 

69 

69 

Chicken 

Mizutan i et al. ( 1 998)  found 25 cysteine residues i n  the LH receptor molecule, and al l 

but two of these are conserved between mammal ian and chicken LH receptors. Three 

of the four potential N-l inked glycosylation s i tes encoded wi th i n  the chicken LH 

receptor are conserved compared to the mammal ian LH receptor amino acid sequence 

(Johnson et al. , 1 996) .  The g lycosylation at Asp l 73 is important for h igh-affin ity l igand 

binding and cAMP production in  response to i nteraction with the l igand i n  the rat LH 

receptor (Zhang et al. , 1 997), and this Asp l 7] s ite corresponds to Asp72 of the quai l and 

chicken PCR product (John son et al. ,  \ 996). Cysteine sites are known to maintain 

stable conformation of the proteins and N-l inked glycosylation sites are responsible for 

spec ific l igand binding act iv ity of the human LH receptor (Minegishi et al. , 1 989). The 



Chapter I 20 

fact that the cyste ine and glycosylation s i tes are h igh ly conserved among al l  LH 

receptors suggests that these sites are important for l igand binding activity. 

1.4.2.2 The FSH receptor 

The mature chicken FSH receptor protein sequence (693 amino acids) i s  s imi lar i n  s ize 

to that previously reported for the rat (675 amino acids) and bovine (678 ami no acids) 

species (You et al. , 1 996) .  The predicted amino acid sequence of the chicken and quai l 

FS H receptor show 68% homology with human FSH receptors, and 67% homology 

with the rat and horse (Akazome et al., 1 996). These values are lower than homologies 

amongst mammal ian FSH receptors, but are s imi lar to the homology between birds and 

mammals for the LH receptor amino acid sequence, even though the LH receptor shows 

greater species-speci ficity in hormone receptor binding than the FSH receptor ( Ishi i  and 

Kubokawa, 1 984). 

There is  a l eucine-rich repet i t ive motif at exons 2-9 in the rat, and this motif has also 

been observed in  the quail FSH receptor at exons 4-9 (Akazome et al. , 1 996). It is 
bel ieved that the leuc ine rich region contributes to the hormone-receptor i nteraction 

(Akazome et al. ,  1 996) . The repetitive motif is  also found in porcine, equine and 

primate LH receptors, suggesting that LH, FSH and TSH receptors are derived from a 

common ancestral molecule (Moyle et al. , 1 994). 

The chicken FSH receptor contains seven transmembrane domains, four of which are 

wel l  conserved between chickens and mammals (Wakabayashi et al. , 1 997). Ten of the 

I I cysteine residues are conserved in the ch icken FSH receptor compared to the rat and 

bov ine  FSH receptor cDNA (You et aI., 1 996). As ment ioned previously ,  the cysteine 

residues are important for maintain ing a stable structure required for biological function, 

and i t  i s  therefore not surpris ing that they are conserved among vertebrates . 

There is some variation between avian and mammal ian FSH receptors i n  the number 

and posi t ion of glycosy lat ion sites. There are five potential g lycosylation si tes in  the 

chicken FSH receptor, and those at positions 1 9 1  and 1 99 are conserved in all FSH 
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receptors that have been sequenced. However, the N-l i nked glycosylation residues at 

posit ions 47 and 268 are unique to the chicken (Wakabayash i  et al., 1 997), quai l 

(Akazome et al . ,  1 996) and horse (Bousfield et al. , 1 987) FSH receptors. Equine and 

chicken LH bind to both LH and FSH receptors i n  various mammals .  However, in both 

of these species, FSH receptors show high specificity for thei r  I igands (Bousfield et al. , 

1 987) .  The g lycosylation sites that are the same in  avian and equine FSH receptors 

indicate considerable structural and functional s imi larity between avian and equine 

gonadotropi n receptors. 

1.4.3 Binding of mammalian hormones to avian receptors 

There appear to be sufficient functional and structural s imi larities between the 

gonadotropins and gonadotropin  receptors from different  vertebrate species to indicate 

that mammal ian gonadotropins should bind to avi an LH and FSH receptors and have 

biological act iv ity. Unfortunate ly, rel atively few papers have examined the abi l i ty of 

mammalian hormones to bind to avian LH and FSH receptors and there are no papers 

examin ing binding of PMSG to avian receptors. 

The testes of the Japanese quai l ,  domestic fowl ,  mal l ard duck (Anas platyrhynchos) , 

white-crowned sparrows (Zonotrichia leucophrys) as wel l as rats show both speci fic 

(saturable)  and non-specific  (nonsaturable) binding of rat FSH (Ishi i  and Famer, 1 976 ,  

Licht and Midgley, 1 976a; 1 976b; Adachi and Ish i i ,  1 977;  Tsutsui and Ishi i ,  1 978 ;  

GOI'don e t  al . ,  1 989) .  Ish i i  and Farner ( 1 976) showed that radioiodinated rat FSH was 

able to bind to a testis homogenate from white-crowned sparrows. Competit ion 

experiments showed that the specific binding s ites bound only FSH and not LH or other 

contaminants in  the gonadotropin preparation.  They also showed a marked increase i n  

b inding capacity of the testis two to  four weeks after the beginn ing of  photost imulat ion 

(which is  also the case i n  rat testis), which correlates wi th the increase in  plasma FSH 

dur i ng  earl y testicu lar development (Fol lett, 1 976) .  

Mammal ian, avian and chelonian FSH receptors al so exhib i t  a h igh FSH specifi ci ty i n  

the binding of radioiodinated human FSH (Licht and Midgley, 1 976a) . Purified rat LH 
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showed l i tt le competit ion for the binding of radioiodinated human or rat FSH .  The very 

low potencies of mammal ian LH preparations in the radiol igand assays in both turtles 

and birds suggest that mammal ian LH does not bind to the same site as FSH.  

Equine FSH exhibits a binding affinity to  chicken and rat FSH receptors a t  least one 

order of magn itude greater than human or porcine FSH (GOl'don et al., 1 989). The 

degree of specific binding in the absence of any competing unlabel led FSH was greater 

for equine FSH ( 1 4%)  than for porcine FSH (9%) .  

There is considerable variation in the rel ative potencies of  the  different preparations of 

mammal ian FSH ,  and this may be due to variation in the degree of purity of the 

preparation, or to the phylogenetic specificity of the receptors to "recognise" 

mammal ian hormones. One of the ovine preparations used by Licht and Midgley 

( 1 976a) was known to be relatively impure, but was more potent in receptor binding 

than the more pure preparations. This discrepancy may be related to the properti es or 

contaminan ts of the hormone that alter in vivo act ivi ty but are not requi red for binding. 

FSH and LH speci fic i ty of binding sites depends on the sources of both the gonads and 

the hormones. 

The FSH binding sites in Japanese quai l ,  chicken, mal lard and sparrow testis are s imi lar 

to those in mammal ian testi s in that they show h igh affin i ty and low capacity, are 

saturable ,  and have a low affin i ty for LH-l i ke hormones (Licht and Midgley, 1 976a; 

Ishii and Adach i ,  1 977 ;  GOl'don et al . ,  1 989). The i ncubation t ime required for 

max imum FSH binding, and the effect of tissue concentration on binding in  the 

Japanese quail and the domestic fowl  are s imi lar to those reported in  other animals 

(Means and Viatukait is ,  1 972 ;  Ishi i  and Farner, 1 976; Ish i i  and Adach i ,  1 977) .  These 

resu lts i ndicate that the biological characteristics of the avi an FSH receptor are s imi lar 

to those of the mammal i an gonadotropin receptors. 

Bona Gal lo  and Licht ( 1 979) were the first to demonstrate binding of 1 25I-l abel led 

turkey LH to avian gonads, as previous attempts had been unsuccessfu l  (Licht et al . ,  
1 977) .  Unfortunately ,  there is no publ i shed research that focuses on the binding of 

mammal ian LH or hCG to avian LH receptors. However, several authors have shown 

an increase in steroidogenesis in the avian ovary in response to mammal ian LH. Ovine 
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and bovine LH are potent st imulants of progesterone production i n  chicken granulosa 

cel l s  in vitro (Hammond et al. , 1 980; Wel l s  et al. , 1 980; Zakar and Hertelendy, 1 980; 

Asem et al. ,  1 983 ;  Ogawa et al. , 1 985) and in vivo (Wel l s  et al . ,  1 983 ,  Li et al . ,  1 993) .  

These results indicate that exogenous mammal ian LH does bind to LH receptors within 

the avian ovary and stimu lates steroid production . I t  is  therefore l ogical to conclude 

that admini stration of ei ther mammal ian or avian hormones to non-breeding birds has 

the potential to stimulate reproductive activity .  

1 .5 Hormonal stimulation of reproduction i n  birds 

Treatment with exogenous gonadotropic hormones has been used to i ncrease the 

reproductive output of numerous domesticated mammal ian species .  Treatment wi th 

mammal ian gonadotropins can induce superovulation i n  sheep (Naqvi and Gulyan i ,  

1 998)  and cattle (Alfuraij i e t  al. , 1 993;  Gonzalez et al. , 1 994b), cause out-of-season 

breeding activity i n  sheep (Naqvi and Gulyani ,  1 998) and goats (Saharrea et al. ,  1 998) ,  

increase l i tter s ize i n  pigs (Sech in  et al. , 1 999), sheep (Ryan et al. ,  1 99 1 )  and catt le ,  and 

induce fol l icu lar growth in p igs (Duanyai and Srikandakumar, 1 998) .  GnRH has been 

widely used to synchron i se estrus and induce ovulation in cattle (Martinez et al. , 2000; 

Ban'os et al. , 2000; Yavas and Walton, 2000). Exogenous mammal ian gonadotropins  

have also been used to stimulate reproductive act ivi ty i n  non-domesticated mammal i an 

species such as the whi te-tai led deer (Odocoileus virginianus; Waldhalm et al. ,  1 989),  

red-ruffed lemur ( Varecia variegala rubra; Karesh et aI. , 1 985) ,  dolphin (Tursiops 

truncatus; Sawyer Steffan et al. , 1 983) and clouded leopard (Neofelis nebulosa ; Howard 

et al. ,  1 996) .  

Few experiments I II which birds have been treated w ith exogenous reproductive 

hormones have been designed specifical ly to stimu late ovarian development and 

increase reproductive output. Much of this  work has focused instead on the physiology 

of ovarian function, particu l arl y ovarian steroidogenes is ,  pituitary and hypothalamic  

function , and the mechanisms contro l l ing the fol l icu l ar h ierarchy. Nonetheless, usefu l  

information can be gained from col lating and interpreting  the results from the rel ative ly 
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few papers in which ovarian growth and ovulation have been stimulated in birds by the 

action of exogenous hormones. 

1 .5 .1  Stimulation of ovarian development 

1.5. 1 . 1  Gonadotropin-releasing hormone 

Gonadotropin-releasing hormone (GnRH) acts on the pituitary gland and stimul ates the 

release of endogenous LH and FSH.  Two types of GnRH have been isolated from the 

ch icken hypothalamus; the fi rst variant is known as cGnRH-I and the second as 

cGnRH-II. The amino acid  sequence of both variants as wel l as mammalian GnRH 

(mGnRH) are shown in Table 1 .7 .  

Table 1.7. Structure of mammal ian and avian GnRH variants. 

Amino acid number 

1 2 3 4 5 6 7 8 9 10 
mGnRH Pyro-Glu His Trp Ser Tyr Gly Leu Arg Pro Gly-NH2 

cGnRH-I Pyro-Glu His Trp Ser Tyr Gly Leu GIn Pro Gly-NH2 

cGnRH-II Pyro-G l u  His Trp Ser His G l y  Trp Tyr Pro G ly-NH2 

(Data from Miyamoto et al., 1 984 and Delobelle et al., 1 995). 

Most studies in which exogenous GnRH has been admini stered to birds have 

investigated the effect of GnRH on the production of LH and FSH,  wi th relati vely few 

examin ing  the effects of GnRH on ovarian stimulation . A s ingle injection of 5-20 �g of 

synthetic cGnRH-I is  able to significantly i ncrease LH levels in chickens (Bonney et al., 
1 974;  Wi lson et al. , 1 989),  turkeys (Burke and Cogger, 1 977) and Japanese quai l 

(Dav ies and Col l i ns, 1 979;  Hattori et al. , 1 986) .  However, the extent and duration of 
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the response is variable between speci es and reproductive stages. Superactive GnRH 

analogues, with modifi cations of amino acid sequence in  certain posit ions, cause a 

greater increase in endogenous LH concentrations, as wel l as result ing i n  a more 

sustained rel ease of LH (Bonney and Cunningham, 1 977;  S terl ing and Sharp, 1 984) . 

lohnson and van Tienhoven ( 1 98 1 )  treated l aying hens w ith synthetic GnRH-I, and 

showed that progesterone, testosterone and LH all rose to pre-ovu latory levels in  

response to a s i ngle GnRH i njection. The pituitary response to exogenous GnRH is  

greatest i n  sexual ly immature birds, and diminishes during sex ual development (Bonney 

et al . ,  1 974; Knight et al. , 1 985;  Wi lson et al. ,  1 989). This may be related to the 

change in the functional i ty of feedback control systems in the HPG axis approaching 

sexual maturity. Chicken GnRH-II i s  up to s ix  times more potent than cGnRH-I i n  

rel eas ing L H  in  chickens (Mi l lar and King, 1 984; Wi lson e t  al. ,  1 989; Delobel le  et al. , 

1 995), has a more prolonged action (Sharp et al. ,  1 987; Wi l son et aI., 1 989) and i s  more 

active in birds than mammal ian GnRH (Sharp et al. ,  1 986; Delobe l le  et al. ,  1 995) .  In 

contrast, Hattori et al. ( 1 986) found no differences between chicken GnRH, mammal ian 

GnRH or GnRH analogues i n  their abi l i ty to stimulate LH release i n  Japanese quai l 

e i ther in vitro or in vivo. 

Few papers have reported attempts to stimulate ovarian growth in birds w ith exogenous 

GnRH, and none of these attempts was successfu l .  Reeves et al. ( 1 973)  found no 

d ifference in ovarian weight or fol l icu lar development between mammalian GnRH 

treated and sal i ne  treated b irds after two weeks of dai ly  treatment. Non-laying turkeys 

were treated twice dai l y  for s ix  days with 1 0-30 flg of cGnRH-I, but showed no increase 

i n  ovarian, oviductal or pitu i tary weight (Burke and Cogger, 1 977) .  Sterl i ng  and Sharp 

( 1 984) treated l ay ing chickens dai l y  for 1 2  days with 1 - 1 00 flg of porc ine GnRH or a 

GnRH analogue, buserel i n ,  and reported no change i n  weight or morphology of the 

ovary or oviduct. Minoia et al. ( 1 984) claim to have st imulated fol l i cu lar development 

in pheasants and partridges wi th injections of mammal ian GnRH every eight hours, but 

resu l ts were confounded by the fact that al l birds were kept under a long day l ighting 

regime during treatment. Endogenous release of GnRH is  known to be pulsati le ,  and i n  

chickens recurs at i nterval s o f  1 -3 hours with each pulse spanning 1 5-60 minutes (Sharp 

and Gow, 1 983) .  It has proved to be very difficult  to  artific ial l y  mimic the pattern of 

GnRH release that occu rs in birds. The LH response to s ingle i njections of exogenous 

chicken , mammal ian or synthetic superacti ve GnRH is immediate and relatively short 
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l i ved in birds and presumably is not long enough to in i t iate the early stages of ovarian 

growth. Longer acting analogues (Sharp et al. , 1 986) and slow release implants (Burke 

and Cogger, 1 977) have been used in an attempt to overcome this problem. In both 

cases, LH levels returned to basel ine after several days of treatment, which may indicate 

a loss of pitui tary sensit ivity to exogenous GnRH with prolonged use. Pul sati le  GnRH 

admin istration has been used successfu l Iy  in cows to stimulate l u teal act ivity, i ncrease 

plasma LH and FSH levels and induce ovulation (Hami l ton et al. , 1 999 ; Vizcarra et al. , 

1 997;  1 999). Vizcarra et al. ( 1 997) found that pul sat i le GnRH release was more 

effective than continuous GnRH release, and continuous rel ease actual l y  led to a 

decrease i n  p lasma LH and FSH concentrations .  In contrast, Porter et al. ( 1 997) showed 

that LH concentrations in mares increased and remained elevated in response to both 

pul sat i le and continuous GnRH treatment, whereas there was l ittle or no effect of either 

treatment on LH secretion in sheep. Methods for del ivering pu l sat i le  GnRH to birds 

need to be investigated, as there may be potential for this technique to stimulate ovarian 

development and ovu lation in birds. 

1 .5. 1.2 A vian gonadotropins 

Early experiments with avian gonadotropins i nvolved crude pituitary preparations that 

were thought to contain LH and FSH .  In order to attribute ovarian development to 

hormone treatment, rather than a response to external conditions ,  i t  is important to start 

wi th a group of birds in which the reproductive system is inactive .  This has been 

ach ieved in various ways, inc luding hypophysectomy, treatment w ith methal l i bu re (a 

pitui tary inh ibi tor) and fasti ng. Taber et al. ( 1 958)  s imply started wi th sexual I y  

immature birds and treated them with various doses of  a ground chicken pi tu i tary 

powder. Female hens were treated from hatch up unt i l  90 days of age, and fol l icular 

development was stimulated in al l  but the youngest group of b irds (35 days old). 

Al though the ovarian weight of  treated birds did not differ significantl y from non­

treated birds, there were more medium-sized fol I icles present in treated ovaries, and the 

yel low fol l ic les were considerab ly  larger than those of controls .  
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Imai et al. ( 1 972) treated moult ing hens (presumably with quiescent ovaries) with a 

chicken anterior pitui tary powder (CAP) to stimulate ovarian growth. Al l treated hens 

responded w ith ovarian growth, but overstimu lation of fol l icu l ar development was 

evident in some birds. Smal l atretic fol l i cl es were present in on ly two hens, and l arge 

atretic fol l ic les were not found i n  any treated birds. 

Hypophysectomy has been used numerous times (Das and Nalbandov, 1 955 ;  Ope) and 

Nalbandov, 1 96 1 a; Mitchel l 1 967a, 1 967b, 1 970) to ensure ovarian growth i s  in 

response to hormonal treatment, rather than pitui tary hormone release. Das and 

Nalbandov ( 1 955) i nduced fol l icular growth in the ovaries of immature, 

hypophysectomised hens with a preparation of air-dried chicken pitui taries. Chicken 

pituitary powder had the greatest effect on hypophysectomised hens c lose to sexual 

maturity compared with immature birds, causing a significant i ncrease of cortical tissue 

and stimu lati ng fol l icu lar development. The pituitary preparation had the greatest effect 

on fol l ic le s ize and number in older ( 1 1 0  days) hypophysectomised hens .  It i ncreased 

comb size and restored the medu l l ary area to the size of that found  i n  normal l aying 

b irds. Taber et al.  ( 1 958) found no change in the medul l ary t issue of the ovary of 

immature b i rds when treated with a crude anterior pituitary suspension . In ovaries of 

ti·eated hens,  there was an increase i n  the number of interst i ti al cel l s  and a s l ight 

increase in the thickness and density of the cortical t issue. Opel and Nalbandov ( 1 96 1  a) 

and Mitche l l  ( 1 967a, 1 967b) were able  to stimulate ovarian development i n  

hypophysectomised adu l t  hens using dai l y  treatment with CAP, but found considerable 

variation i n  the gradation of fol l ic les i n  the h ierarchy. However, there was l itt le or no 

accumulation of fol l ic les in the smal ler s ize c lasses (Opel and Nalbandov, ] 96 ] a; 

Mi tchel l ,  1 967b) as had been found in younger CAP treated birds (Das and Nalbandov, 

1 955) .  Mi tche l l  ( 1 967a) showed that dai ly  treatment with 50 mg of CAP for eight days 

led to l ittle or no overstimulation of fol l icles, and resulted in the formation of a normal 

fol l icular h ierarchy.  Lower doses stimulated some fol l icular development in a few 

birds, with h igher doses usual l y  l eading to overstimulation of the ovary (Mitchel l ,  

1 967a). Many  of the large yel low fol l ic les had become atretic i n  overstimu lated ovaries 

(Opel and Nalbandov, 1 967a; Mitche l l  1 967a) ; a condition rare ly  found i n  normal 

laying  birds. Despite the breakdown of the fol l icu lar h ierarchy, and a l arge percentage 

of yel low fol l ic les becoming atretic ,  a few bi rds did ovulate, sometimes result ing i n  

oviposition o f  a hard-shel led egg (Mitche l l ,  J 967a). 
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Opel and Nalbandov ( 1 96 1 a) and Mitchel l ( 1 967a) al lowed a sufficient period of time 

fol lowing hypophysectomy, onset of fasting  conditions or treatment w ith pituitary 

inh ibitor for the ovary to complete ly regress prior to treatment with CAP. However, 

M itche l l  ( 1 970) also treated l aying hens with a chicken pitui tary fraction immediately 

after hypophysectomy and was able to maintain the reproductive tract i n  an active state 

wi th dai l y  i njections of CAP, al though there was considerable variation between 

i nd iv idual s .  B i rds were treated for 1 0- 1 2  days, with most birds ceas ing egg- lay ing  after 

five days. Egg size decreased during treatment, and on autopsy, regression of both the 

ovary and oviduct was evident in most birds, al though ink tests showed that the rate of 

yolk deposi t ion did not differ s ign ificantly from expected during the first hal f  of the 

experiment. In b irds that were al lowed to regress, treatment w i th CAP fai led to 

st imulate s ignificant ovarian or thyroid growth . 

M i tchel l ( 1 966; 1 967b) and Imai ( 1 972) admin istered the pituitary i nhib i tor 

methal l i bure (also referred to as I .e . r. compound 33828) to chickens to maintain ovaries 

in a regressed state before gonadotropin  treatment. B i rds were treated w ith an acetone­

dried pituitary powder (Mitche l l ,  1 966), a chicken gonadotropi n  precipitate (Mitchel l ,  

1 967b) or  a chicken pi tu i tary extract (Imai, 1 972) .  Doses of 25 mg or less of CAP or 

the p i tu i tary extract were i nadequate to stimulate development of the ovary, or an 

i ncrease in comb size (Mitche l l ,  1 966; Imai , 1 972). Recently formed yel l owish atretic  

fol l ic les were found i n  hens treated with low doses, but these were not  present in  any 

contro l  birds ( Imai , 1 972) .  The increase in  comb size, oviductal and ovarian weight, as 

wel l as an increase in  the degree of fol l icu lar development, correl ated with the i ncrease 

i n  the treatment dose (Mitchel l ,  1 966; Imai , 1 972), wi th the h ighest level of ovarian 

development occurring at the highest dose of 200 mg (Imai 1 972) . S l ightly 

overstimulated fol l icular development occurred i n  the ovaries of a number of hens, but a 

graded series of fol l icles was sti l l  present i n  some hens at this dose. In  contrast to the 

CAP and pitui tary extract treated birds, hens treated wi th the gonadotropi n  precipitate 

showed substantial fol l icular overstimulation i n  response to l ow doses ( 1 . 5 mg), with 

many of the l arge yel low fol l icles becoming atretic (Mitchel l ,  1 967b) .  The ratio of LH 

to FSH may be critical for normal development of the fol l icu lar h ierarchy,  and the 

relat ive proportions of these gonadotropins may vary between d ifferent pitui tary 

preparations. 
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In methal l i bure treated hens, relat ively h igh doses of CAP were required to stimulate 

ovarian development (Mitchel l ,  1 966) when compared with si m i l ar experiments on 

hypophysectomised birds (Das and Nalbandov, 1 955 ;  Opel and N albandov, 1 96 1 a; 

Mi tchel l I 967a) . In hypophysectomised birds, dai ly treatment w ith 1 0-20 mg of CAP 

was able to st imulate some fol l icular growth (Mitche l l  1 967a), but thi s  was not the case 

for methal l i bure treated hens (Mitchel l ,  1 966). It is possible that th i s  compound may 

have an i nh ibitory effect on the ovarian response to exogenous gonadotropins ,  and i s  

therefore not the best means of  maintain ing the ovary i n  a regressed state. 

Imai ( 1 972) al so used 3-5 days of fasting to maintain a regressed reproductive system 

prior to hormone treatment. Results were very simi lar to those from methal l i bure 

treated hens, w i th CAP treatment inducing fol l icular development, al though a 

breakdown i n  the fol l icular h ierarchy was noted i n  some b irds .  No l arge yel low 

fol l ic les were observed on the ovaries of hens treated with low doses. 

Extracts of CAP were not used to stimulate ovarian development again unt i l  the early 

1 990s. Work by Wakabayash i and col leagues concentrated on the development of a 

method for stimulat ing reproduction i n  endangered birds, i n  the hope of using this 

technology to increase populat ion numbers of the severe ly endangered Japanese ibis 

(Nipponia nippon).  Wakabayashi et al. ( 1 992; 1 996) employed Alzet min i -osmotic 

pumps to del iver gonadotropins continuously over the treatment period. A dose of 1 2 .5 

�lg/h of chicken pitui tary glycoprotein extract was sufficient to stimulate growth of 

fol l ic les ,  and deposi tion of yolk in to fol l icles in  Japanese quai l .  A lthough fol I icular 

growth was stimulated, the treatment fai led to induce a normal fol l icu lar h ierarchy. 

There was a greater number of large yel low fol l ic les i n  treated b i rds than in non­

treated, and an abnormal ly  large number of F3 fol l icles. The breakdown of the 

hierarchy may be attributable  to an excessive dose being admin istered, or to 

i nappropriate proportions of FSH and LH in the glycoprotein fract ion (either excessive 

amounts of FSH or insufficient LH). Plasma FSH concentrations were measured at the 

end of the experiment, and were found to be h igher in treated b irds than in controls .  

Atret ic fol l ic les were found only in  the ovaries of female Japanese quai l  that had fai led 

to ovu late in response to exogenous CAP glycoprotein (Wakabayashi et al., 1 996). 

These fol l ic les probably stopped growing before they had reached ful l  maturi ty, or 
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started to regress as soon as they reached ful l  maturi ty .  In an attempt to explain why 

some indiv idual birds ovulated in response to exogenous hormones and others did not, 

specific LH binding to both granulosa and theca ti ssue in the hierarchical fol l ic les was 

measured in treated and non-treated females. In a normal laying female, LH binding i n  

the granu losa of the fol l ic le increases as i t  moves from the F3  to  F I  stage. However, in  

glycoprote in treated females, there was l i tt le difference in  LH b ind ing between the F3 

and F I  fol l ic les .  LH binding in the thecal t i ssue of avian fol l ic les i ncreases s l ightly 

from F3 to F2, but then drops rapidly once the fol l ic le reaches the F I  stage due to the 

down regulation of receptors in i t iated by the preovulatory LH surge. A s imi lar pattern 

occurred in the fol l i c les of treated females, but the changes were not as marked as i n  

normal laying females. 

It is  c lear that preparations from chicken anterior pitui taries are capable of st imulat ing 

ovarian and fol l icular growth in avian species, al though there i s  considerable  variation 

in responses between birds. Treatment wi th exogenous chicken gonadotropins often 

leads to overst imulation of fol l icular development. As d iscussed earl i er, l itt le is known 

about  the control mechanisms invol ved in establ ishing and main tain i ng  a fol l icu lar 

h ierarchy i n  the avian ovary, so it is difficu l t  to form conclusions about why the 

h ierarchy often breaks down in response to exogenous gonadotropins .  It i s  l i kely that 

many of the pi tui tary preparations do not contain al l  the components necessary to 

stimulate and maintain normal ovarian growth . Adrenocorticotropi n  (ACTH) and TSH 

have been found in  some pitui tary preparations (Taber et al. ,  1 958 ;  Opel and 

Nalbandov, 1 96 1 a) and these may act on the ovary. 

Although there has been considerable variation 1 11 ovarian responses to avian 

gonadotropin  treatment (Opel and Nal bandov, 1 96 1 a; Mi tchel l ,  1 966, 1 967a, 1 967b; 

Imai, 1 972 ;  Imai et al. ,  1 972), oviduct development has been relat ive ly consistent (Opel 

and Nalbandov, 1 96 1  a; Mitchel l ,  1 966, 1 967b;  Imai et al. , 1 972) .  The oviduct of 

treated birds appears morphological l y  s imi lar to non-treated controls ,  and usual l y  

reaches a final weight within the range of a normal l aying bi rd .  Often,  the s ize and 

weight of the oviduct w i l l  increase in treated birds, wi th l i tt le or no change in size or 

fol l icu lar development of the ovary (Mitchel l ,  1 966) . This suggests that al though 

treatment with exogenous gonadotropins does not always stimulate ovarian growth, i t  

can stimu late estradiol secretion from the ovary, leading to  oviduct and comb growth. 
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1.5. 1.3 Mammalian pituitary gonadotropins 

S tudying the effects of mammal ian hormones on the avian reproductive system can be 

usefu l  for two reasons .  Firstly, i t  provides the  opportun ity to  compare the potency of 

avian and mammal ian gonadotropins in stimulating avian reproduction, and to make 

further i n ferences about the evolution of these hormones and the homology between 

them. Secondly, if exogenous gonadotropins  were used to increase reproduction i n  

avian species, ei ther commercial l y  o r  for conservation purposes, mammal ian 

gonadotropins wou ld be less expens ive and are much more readi ly avail ab le than avian 

equ i vaJents. 

The first attempts to stimulate ovarian development in birds using mammal ian 

hormones were designed to determine the role  of the hypophysis in the seasonal 

reproductive cycle .  Pregnancy urine was i njected dai l y  i n  an attempt to i nduce ovarian 

growth in  immature or non-breeding doves (Streptopelia capicola), pigeons (Columba 

livia ; Riddle and Polhemus, 1 93 1 ,  c i ted i n  Witschi and Keck,  1 935) ,  ducks (Schockaert, 

1 933 ,  c i ted in Witschi and Keck, 1 935)  and house sparrows (Passer domesticus; 

Witschi and Keck ,  1 935) ,  but fai led to stimulate reproductive act ivity i n  any of the 

b irds. Witschi and Keck ( 1 935) also treated a smal l number of sexual l y  inactive house 

sparrows with extracts from equine and bovine anterior pitui taries. The thyroids of al l 

treated b irds en l arged to a size three times greater than that of controls .  There was 

marked variation in ovarian responses to the pitui tary extract. Half of the treated b irds 

showed some oviductal development, but l itt le or no ovarian development .  Marked 

oviductal and ovarian development occurred in the remain ing treated females, with 

some ovaries contain ing significant ly more large yel low fol l icles than woul d  be 

expected in a normal reproductively active sparrow. Although the mammal ian pitu i tary 

extracts were capable of stimulating ovarian growth, a normal fol l icular h ierarchy did 

not develop. 

A commercial mammal ian gonadotropic extract, known as Ambinon, obtained from the 

anterior lobe of the mammal ian pitui tary gland was used by Phi J l ips ( 1 943) to treat 
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lay ing hens .  In most cases injections of Ambinon led to extreme overstimulation of 

developing fol l ic les, and often resu l ted in decomposing fol l icular yol k  material being 

found in the body cavity at autopsy .  Phi l l ips described the degenerating fol l ic les as 

being  "covered i n  t iny bl isters" due to the occurrence of yolk-coloured flu id  between 

the theca and germinal epithel ial layer. Injections for s ix days lead to a decrease in egg 

production , and caused some hens to stop l aying. 

In contrast to prevIous studies, Das and Nalbandov ( 1 955) found that mammal ian 

gonadotropins had no effect on the ovaries of immature hypophysectomised b i rds, and 

also had no effect on the area of the ovarian medul l a  of hypophysectomi sed hens 

approach ing sexual maturi ty, but did l ead to an i ncrease in the cortical area of the ovary 

(Das and Nalbandov, 1 955) .  

Opel and Nalbandov ( 1 96 1  a) treated h ypophysectomised adul t  hens w ith dai l y  

i njections o f  porcine FSH.  FSH treatment resulted i n  considerable i ncreases i n  the 

popu l at ions of smal l fol l icles and fol l ic les in the rapid growth phase . When compared 

to control b irds, a three-fold increase i n  ovarian s ize was evident i n  treated b i rds after 

only e igh t  days of treatment .  However, porcine FSH was not capable of st imulat ing 

growth of the FI  fol l ic le to the same s ize found i n  control birds (maximum weight of 

approx imate ly  9 g in treated bi rds compared with up to ] 5 g in normal l ay ing hens). 

Palmer and Bahr ( 1 992) found that h igh doses of porcine FSH (400 I1 g  admin istered 

dai ly for five days) i ncreased the number of smal l yel low fol l icles and l arge whi te 

fol l i c les, and decreased the number of atretic fol l ic les i n  aging hens. The ovaries of 

treated b irds contained numerous fol l ic les that were greater than 1 0  mm i n  diameter, but 

were smal ler than the F5 foi l  ic le .  Plasma estradiol showed a l inear dose-dependent 

i ncrease in response to increas ing doses of FSH, but plasma progesterone i ncreased onl y  

i n  response to the h ighest doses (200 and 400 /lg) and not t o  doses of 1 2 .5  /l g or 5 0  /l g 

FSH .  Body weight and l iver weight were not affected by treatment w i th porcine FSH,  

but there was an i ncrease in yo lk deposition in  the h ierarchical fol l icles .  Porcine FSH 

st imulated and supported the growth of smal l fol l ic les. It appeal's to be effect ive i n  the 

i n i t ia l  st imulation of ovarian ti ssue, but i s  unable to stimulate normal ovarian growth 

and fol l icu lar development .  
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Ovine FSH had l i tt le or no affect on serum vi te l logen in levels, ovarian growth or 

oviductal development in fasting pul lets (Imai , 1 972). Bovine anterior p i tu i tary extract 

and ovine LH did increase serum vitel logenin l evels s l ightly, but not as markedly as i n  

groups treated with chicken pi tui tary extracts . On ly  half of  the birds treated with bovine 

pitui tary extracts and ovine LH showed signs of ovarian development .  The number of 

whi te fol l ic les and atretic fol l ic les increased on stimulated ovaries, but yel low fol l icles 

were not present. Mixtures of ovine LH and FSH increased serum v i te ) ]ogeni n  to 

with in the normal range, but the oviducts remained smal l .  A smal l number of birds i n  

this group d id  have smal l ye l low fol l icles on the ovary ( Imai , 1 972). 

M ammal i an pi tui tary extracts from various sources can induce ovarian and fol l icular 

growth in  birds. However, there has been considerable variation i n  response between 

birds, with overstimulation of the ovary a common problem. Fol l icles i n  each of the 

different size classes may require different concentrations or combinations of 

gonadotropins in order for development to continue. Exogenous mammal ian pi tu itary 

gonadotropins are able to stimulate development of the lower s ize c lasses, but are 

unable to sustain a rate of development i n  the h ierarchy found i n  a normal l ay ing  hen. 

P lacental gonadotropins  differ in  both structure and function compared to mammal ian 

p i tuitary hormones . Equine gonadotropin s  show a significantly higher b ind ing affin i ty 

to chicken receptors, and exhibit a substant ial l y  extended half- l ife with in the c i rculatory 

system. These facts indicate that pregnan t mare serum gonadotropin may be more 

su i table  for stimulating reproduction i n  avian species than mammal i an p i tu itary 

gonadotropins .  

1.5. 1 .4 Pregnant mare serum gonadotropin 

PMSG (also known as equ l l1e chorionic hormone) is  abl e  to stimulate fol l i cu lar 

development in  birds, but sometimes treatment wi th this gonadotropin leads to 

overst imulation of al l size c lasses of fol l ic les and a breakdown i n  the fol l icular 

h ierarchy (Ph i l l ips, 1 943 ; Opel and Nalbandov, 1 96 1 a; Zadworny and Etches, 1 988 ;  

Palmer and B ahr, 1 992, Wakabayashi et al . ,  1 996). Data presented in  Taber ( 1 948) 
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indicated that treatment with PMSG produced pronounced medu l lary hyperplasia, 

leading to a l arge cystic, abnormal ovary. Some researchers have, however, reported 

devel opment and mai ntenance of a normal h ierarchy in PMSG treated birds (Petitte and 

Etches, 1 989) . In sexual ly immature hens treated with 75 TU or 375 TU PMSG dai l y  for 

one week, a h ierarchy contain ing 2-5 yolky fol l icles was present on each ovary (Petitte 

and Etches, 1 989) .  Palmer and Bahr ( 1 992) chose not to use a dose as h igh as 75 TU 
PMSG, assuming that this would lead to disruption of the hierarchy .  Instead, b i rds were 

treated with doses of ei ther 25 ill or 50 ill PMSG, but i n  both cases overstimu lation of 

fol l ic les and breakdown of the hierarchy was sti l l  evident .  Treatment of i ncubati ng or 

ou t-of-Iay turkeys with 400 TU or 2 000 TU PMSG dai l y  stimulated fol l icular growth, 

but l arge yel low fol l ic les were not arranged in a h ierarchy (Zadworny and Etches, 

1 988) .  It is  general l y  accepted that smal I fol l icles rel y  on FSH to develop and enter the 

h ierarchy (Opel and Nalbandov,  1 96 1  a; Armstrong, 1 994) .  It h as been suggested that 

i nh ib i tory factors prevent response to endogenous FSH in smal l fol l ic les, and the 

i nh ibitory i n fluence is only removed in those fol l icles that are to enter the foll icular 

h ierarchy (Johnson, 1 996).  It may be that PMSG is able to override the inh ibi tory effect 

i n  the small ovarian fol l icles of some birds, causing numerous fol l ic les to enter the 

h ierarchy together. 

In laying hens, PMSG leads to an increase in progesterone and estradiol concentrations 

and a decrease in p lasma LH (Johnson , 1 983 ;  10hnson and Leone, 1 985;  Palmer and 

B ahr, 1 992) .  Plasma estradiol concentrations increased markedl y  during the first day of 

treatment with 400 IU PMSG in  incubating or out-of- Iay turkeys,  but did not i ncrease 

fur ther in response to subsequent i njections (Zadworny and Etches, 1 988) .  Plasma 

estradiol concentrations in female turkeys treated dai l y  wi th 2 000 TU PMSG, however, 

conti nued to increase for the duration of the experiment. LH concentrations did not 

change in the laying control group, or in response to PMSG in either of the treatment 

groups. Prolactin levels were four t imes higher i n  incubating hens than in out-of-lay 

hens ,  and this may have inh ibited steroid production by the ovary in response to 400 TU 

PMS G. B oth groups showed marked ovarian and oviductal growth in response to 2 000 

IU PMSG, so the high dose of PMSG may have been overriding the effects of prolactin 

in the incubating turkeys. 
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Imai et al. ( 1 972) treated mou l ting hens wi th dai l y  i njections of PMSG. After 6 days of 

treatment l arge yel low fol l icles were present i n  only 40% of the treated b irds, and some 

of these large fol l ic les had become atretic. Large atretic fol l icles have been found on 

ovaries of PMSG treated birds in several experiments (Hosoda et al. ,  1 955;  1 956; Opel 

and Nalbandov, 1 96 1 a; Imai , 1 972 ;  Imai et al. , 1 972;  Wakabayashi et al., 1 996; 

personal observations). Atresia usual l y  occurs in smal l fol l ic les prior to recruitment 

i nto the fol l icular h ierarchy, but under normal physio logical condit ions is rare ly  seen i n  

l arge, preovulatory ovarian fol l ic les (Gi lbert et al. , 1 983) .  The mechan i sms i n volved i n  

fol l icu lar atresia are poorly understood, but it is  widely recogni sed that atresia i s  

mediated via a specific type of programmed cel l death or apoptosi s  ( J  ohnson, 1 996) . 

When several fol l ic les enter the hierarchy at once, as sometimes seen i n  PMSG treated 

b i rds, i t  may be that apoptosis has already been in i t iated in several of these fol l ic les, 

calls ing them to become atretic after becoming large yel l ow fol l ic les .  

Palmer and B ahr ( 1 992) noted that administration of PMSG to laying hens led to an 

i ncrease i n  yolk deposition i nto the F l  and F2 fol l icles of the ovary . Thi s  suggests an 

i ncrease in the synthesis of yolk  precursors by the l i ver. An i ncrease i n  serum 

vi te l l ogeni n  indicates production of vi te l l ogenin  by the l i ver, which is l i kely to reflect 

an i ncrease i n  estrogen production by the ovary. Experiments by Hosoda et af. ( 1 955) 

and Imai et al.  ( 1 972) focused on the abi l i ty of PMSG to maintain or restore serum 

v i te l logen i n  levels i n  moul ting or fasted hens .  Imai et al. ( 1 972) treated hens wi th 1 00 

ill PMSG dai l y  for 6 days. Serum vitel logeni n  rose to a l evel found i n  l aying birds 

w i th in  four days, and was maintained at this level for the duration of treatment. Dai l y  

treatment of fasting hens for seven days with only 5 I U  PMSG was sufficient to delay 

the drop in serum vitel l ogeni n  associated w ith starvation, but did not prevent it (Hosoda 

et  al. 1 955) .  Th is dose was also insuffic ient to promote growth of new fol l icles, 

al though dai l y  treatment with 20 IU PMSG maintained serum vi tel l ogen in  at a level 

im i l ar to that found in normal l aying birds. They i nterpreted their find ings to i nd icate 

that starvation decreases the production of gonadotropins  by the pituitary, which 

decreases the amount of estrogen produced. The decrease in  estrogen concentration, i n  

turn, leads to a reduction i n  the format ion and release of serum vitel l ogen in  b y  the l i ver. 

Measurement of ornith i ne decarboxylase act ivity (ODA) has been used sllccessfu l ly  to 

mon i tor the response of target ti ssues to exogenous gonadotropins such as PMSG 
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(Janne et al. ,  1 978) .  Ornithine decarboxylase acts as a catalyst in the b iosynthesis of 

polyamines, and p lays an important role in the structure and function of nucleic acids 

(Russe l l  and Synder, 1 968) .  The activity of this enzyme therefore i ncreases i n  response 

to cel l  prol iferation and differentiation (Martin and Morris, 1 987, c i ted in Armstrong 

1 994), and correlates with the rate of tissue growth (Russe l l  and Snyder, 1 968).  

Armstrong ( 1 994) found that ODA in the theca of smal l ,  non-atretic fol l ic les i n  hens 

i ncreased in response to treatment with PMSG. However, the theca of F l ,  F3 and F5 

fol l ic les was not affected by PMSG, and there was no increase in  ODA. After treatment 

with PMSG, ODA in the granulosa tissue of F l  fol l icles was s ign i ficant ly  h igher than 

other fol l icular s ize c lasses, al l of which remained unaffected by the treatment. ODA 

level s in granulosa tissue increased as foll icles approached ovulat ion,  whereas they 

decreased in thecal tissue. Granulosa tissue showed a decrease in ODA i n  response to 

75 IU PMSG, and i ncreased to a maximum i n  response to 300 ru PMSG.  

PMSG can stimulate steroidogenesis and ovarian growth i n  avian species .  However, as 

w ith avian and m ammal ian pitui tary extracts, PMSG treatment does sometimes lead to 

overstimulation of ovarian fol l icular development. Lower doses of PMSG, al ternate 

del i very methods or other hormones admin istered in conjunction wi th PMSG may be 

requi red to stimulate normal ovarian development in birds. 

1 .5.2 Induction of ovulation 

Ideal l y, successfu l  st imulation of ovarian development should lead to ovu lation of the 

F I  fol l ic le .  Ovarian and fol l icular growth has been ach ieved i n  b irds using both 

exogenous avian and mammal ian gonadotropins, often resulting in the development of 

an F I fol l icle.  However, relat ively few papers have reported stimu lation of ovarian 

development as wel l  as the induction of ovulation (Taber et al. 1 95 8 ;  Mi tchel l  1 967a, 

1 967b; Zadworny and Etches 1 988 ;  Wakabayashi et al. 1 992, 1 996) .  Hormone 

treatment to i nduce ovu lation may be required in addit ion to hormone treatment that 

st imulates ovarian growth and the development of the fol l icular h ierarchy.  
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Many papers have focused on inducing premature ovulation in lay ing birds (e .g .  Fraps 

et al. , 1 942a, 1 942b; Kamiyosh i and Tanaka, 1 972; Onagbesan and Peddie, J 98 8a) or i n  

birds i n  which ovulation has been blocked using restricted feeding, hypophysectomy or 

exogenous hormones (e.g. Hosoda et aI. ,  1 956; Opel and Nalbandov, 1 96 1 b; Nakada et 

al. ,  1 994) .  These studies have general l y  been conducted to learn more about the 

mechanisms involved in the process of ovulation . A number of hormones have been 

used to induce ovu lation, including LH, FSH,  GnRH, progesterone, corticosterone, 

ACTH and hCG. 

1 .5.2. 1 Luteinising hormone 

Preovulatory surges of both LH and progesterone occur in aVian species, so these 

hormones are most commonl y  used in ovul ation induction experiments. Fraps and 

Ri ley ( 1 942) and Fraps et al. ( I 942a) were the first to induce ovu lation in l ay ing hens 

us ing an LH preparation extracted from horse pituitaries. Some hens ovulated in  

response to  each of  three successive treatments . As  many as seven multiple ovu lations 

could be effected in  individual hens fol l owing a single LH injection, but only a s ingl e  

egg contain ing a s ingle yolk was found in  any of  the oviducts, wi th any subsequent 

ovulated fol l icles being found in  the body cavity. 

Opel and Nalbandov ( 1 96 1  a) also i nduced successive ovulations wi th i njections of 

mam mal ian LH in  birds that had previous ly been treated with PMSG, FSH or CAP to 

sti mu late ovarian development. Nearly al l of the treated birds ovulated in  response to 

the fi rst injection , but the number of birds responding to each subsequent i njection 

dropped s ign i ficant ly over the next eight days, by which time as few as 1 0% of the hens 

were ovu lat ing.  The inabi l i ty of a bird to ovulate in response to LH treatment was 

attributed to the lack of an F l  fol l ic le on the ovary, as the exogenous gonadotropins  

were unable to develop the fol l ic les to  maturity as quickl y  as they were being ovul ated. 

Two or more consecutive ovulations occurred in 77% of treated hens. 

Hosoda et al.  ( 1 956) attempted to induce ovulation in fasted and PMSG treated hens 

us ing mammalian LH. Doses of 0. 1 mg and 0.5 mg LH were able to i nduce ovul ation 
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of F I  fol l ic les ,  but low doses of 0.05 mg LH had no effect. Even large doses of 2 mg 

LH were unable to  induce ovulation of  smal l « 2 cm), immature fol l ic les .  This i s  i n  

contrast w i th  the resul ts  of Opel and Nalbandov ( l 96 1 b) who were able to  force 

ovu lation of immature fol l icles not due to ovulate for 3-4 days in hypophysectomised 

birds. Ovul ation cou ld  be induced in hypophysectomised hens up to 1 2  hours after 

hypophysectomy. Fol l ic les remaining without hormonal support for longer than this 

became atretic ,  and ovu lation could not be st imulated (Ope I and Nalbandov, 1 96 1 b) .  

There was an increase in fol l icular sensi t iv i ty to  LH wi th  i ncreasing  interval from 

hypophysectomy to LH injection , and this may explain why immature fol l ic les could be 

induced to ovulate. 

Premature ovulation has been induced in hens with ovine LH injections up to 2 1  hours 

before the next expected ovulation (Johnson and Leone, 1 984; Sekiguchi and Imai , 

1 987 ;  Onagbesan and Peddie, 1 988a). There was a s ign ificant rise i n  p lasma 

progesterone in the first hour fol lowing the i njection, fol lowed by a dec l i ne to almost 

i n i tial levels n ine hours post-injection (Onagbesan and Peddie, 1 988a) .  The fol l ic les 

were less responsi ve 1 8  hours before expected ovulation than 1 2  hours before, and this 

is  consistent wi th observations of changing sensit iv i ty of ovarian granu losa cel l s  to LH 

duri n g  fol l icu lar  m aturat ion .  

1.5.2.2 Follicle-stimulating hormone 

Only Kamiyoshi and Tanaka ( 1 972) have examined the abi l i ty of FSH to stimulate 

ovulation in hens. They compared the abi l i ty of mammal ian LH alone, mammal ian 

FSH alone, and various combinations of LH and FSH to induce premature ovul ation i n  

the hen . FSH was unable to stimulate ovulation in any of the treated birds. Injection of 

0 .02 mg mammal ian LH induced ovu lation i n  34% of hens, but when this dose was 

combined with 0.5 mg mammal ian FSH ,  ovulation was i nduced in 7 1  % of treated hens. 

FSH may augment the ovulation induc ing action of LH in the hen. They also found that 

FS H exhibi ted this augmentative effect if injected at the same time as, or one hour after 

the LH injection, but showed no effect i f  i njected 1 5  minutes after the LH injection. 
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This suggests that the stimulatory effects of FSH vary throughout the ovulatory cycle, 

wh ich may be due to changes i n  fol l icular sensit iv i ty to the hormone. 

1 .5.2.3 Gonadotropin-releasing hormone 

B oth mammal ian and av ian GnRH have been used successfu l ly  to i nduce normal and 

premature ovu lations in chickens .  Doses of 5- 1 0  Il g i nduce ovu lation before or at the 

expected t ime in al most all treated bi rds , but wi th h igher doses (20-40 Il g) ,  almost al l 

b irds w i l l  ovulate premature ly  up to s ix hours before expected ovu lat ion (van 

Tienhoven and Schal ly ,  1 972;  Reeves et al. , 1 973 ;  Tanaka and Kamiyoshi ,  1 976; 

Onagbesan and Peddie, 1 988a) .  However, Bonney et al.  ( 1 974) were unable to 

s t imulate ovulation in laying hens using 20 Il g synthetic mammal ian GnRH. 

Johnson et al. ( 1 984a; 1 984b) used both mammal ian and chicken GnRH-I to i nduce 

premature ovul ation in l aying chickens, and found them to be equal l y  successfu l .  It was 

a lso noted that when birds were treated prior to the first ovul ation i n  a sequence, al l  

b irds ovu lated prematurel y. However, when treated prior to the second ovulation in a 

sequence, almost al l ovu lations would occur at the expected time. Several reports have 

noted that hypothal amo-hypophyseal and ovarian sensitiv ity to ovul at ion i nducing 

hormones i s  different 8- 1 5  hours before the first ovulation i n  a sequence (C 1 )  compared 

to the same t ime prior to a mid-sequence ovulation (C2; Fraps and Dury, 1 943 ;  Etches 

et al. , 1 983 ,  Johnson, 1 983 ,  Johnson et al. ,  1 984a). This may be related to the i nabi l i ty 

of the preovulatory fol l ic le to init iate progesterone production and secretion .  The 

endogenous rel ease of progesterone is also greater prior to a C l  ovul at ion, compared to 

a C2 ovulation (Johnson, 1 983) .  The pituitary response to mGnRH is the same at both 

t imes, but ovarian response to LH may be different (Johnson et al. ,  1 984a). 

1 .5.2.4 Progesterone 

Progesterone exerts a positive feedback effect on secretion of LH that can l ead to a 

preovulatory surge of  both hormones (Nakada et al., 1 994) . In chickens, there are 
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s ignificantl y  h igher l evels of LH and progesterone in the plasma 4-7 hours prior to 

ovulation than at any other time during the ovulatory cycle. Premature ovulation has 

been induced using progesterone, provided that the injection was admin istered less than 

1 8  hours before the next expected ovulation (Wilson and Sharp, 1 976; Sekiguchi and 

Imai ,  1 987 ;  Onagbesan and Peddie, 1 988a) .  Progesterone was able to i nduce ovulation 

i n  intact female hens ,  but when the pitui tary was removed within 2 hours fol lowing 

injection of progesterone, ovulation did not occur (Rothchi ld  and Fraps ,  1 949) .  

Progesterone fai led to  i nduce ovulation i n  birds that were hypophysectomised more than 

1 0  hours prior to the next expected ovul ation (Nakada et al. , 1 994) . At this t ime, the F l  

fol l ic le  may be insuffic iently mature to respond to progesterone, or pituitary hormone 

secretion may be inadequate for progesterone to in i t iate an LH surge. These resu l ts 

suggest that progesterone acts on the hypothalamus or p i tu itary to i nduce ovul ation and 

has no direct action on the ovary. 

Exogenous progesterone causes abundant release of LH from the pituitary g lan d  (Ralph 

and Fraps, 1 960), and the temporal discrepancy between LH and progesterone in their 

abi l i ty to i nduce ovu l ation may be due to the low responsiveness of the hypothalamo­

pitui tary axis to progesterone 1 8-2 1 hours before ovu lation. 

1 .5.2.5 A CTH and corticosterone 

The potential invol vement of adrenal hormones in the ovul atory cycle was recognised 

by Fraps et al. ( 1 947) who induced premature ovulation i n  hens with an ACTH-rich 

p i tu i tary ex tract. S i nce then, several researchers have investigated the abi l i ty of ACTH 

and cort icosterone to induce ovulation in birds. Etches et al. ( 1 982) i njected hens with 

ACTH after the last oviposit ion in a sequence, and found that the number of b irds that 

ovulated i ncreased w i th i ncreas ing dose. In contrast, Etches and Cunningham ( 1 976) 

found that only the h ighest doses of corticosterone ( I  000 /J g) could i nduce premature 

ovulat ions in hens. Etches and Croze ( 1 983 )  treated birds with corticosterone or ACTH 

e i ther s ix  hours after a m id-sequence ovulation, or 1 4  hours before the first ovulation i n  

a sequence. None o f  the birds ovulated in response to corticosterone or ACTH when 
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adm ini stered s ix  hours after a mid-sequence ovu lation. However, p lasma corti costerone 

l evels increased and p lasma LH concentrations s ignifi cantly decreased in response to 

both cort icosterone and ACTH del ivered at this t ime. The same pattern of 

corticosterone and LH release was evident when b i rds were treated before the first 

ovulat ion i n  the sequence, but over half of the birds ovulated in response to both ACTH 

and corticosterone. An injection of progesterone given s ix  hours after a mid-sequence 

ovu l at ion w i l l  lead to an i ncrease in p lasma LH concentrations (Wil son and Sharp, 

1 976), a l though exogenous ACTH or corticosterone has to be admin istered after th i s  

t ime to induce a release of LH (Etches and Croze, 1 983) .  

1.5.2.6 Human chorionic gonadotropin 

Human chorionic hormone (hCG), l i ke FSH,  has rare ly  been used to stimu late ovu l ation 

i n  birds. M itchel l  ( 1 967b) stimulated ovarian development using chicken pi tui tary 

extracts, and the attempted to induce ovul ation on the final two days of treatment using 

h CG.  None of the birds responded, but on autopsy no mature FI fol l ic les were found. 

Wakabayash i  et al .  ( 1 996) also used hCG to i nduce ovulation in birds which had 

previously been treated with PMSG or a chicken pitui tary extract. On l y  three out of 2 1  

birds were i nduced to ovul ate. Apart from one successfu l  ovul at ion reported by 

Mitchel l ( 1 967a), th is  was the first experiment i n  which birds wi th fu l l y  regressed 

ovaries from the beginning of the experiment were treated with exogenous 

gonadotropi ns to st imulate fol l i cu lar development, and then to induce ovul at ion .  There 

are no publ i shed studies in which hCG has been used to induce premature ovul ation i n  

normal l ay ing  hens,  so  i t  i s  d ifficul t  to  compare the effectiveness of hCG w ith other 

hormones . 

The abi l i ty to i nduce ovulation with exogenous hormones is dependent on several 

factors. Tim ing  of the injections is probably the most important, i .e. the stage of the 

ovulatory cycle at which injections are admin istered, and the most sui table t ime prior to 

expected ovulat ion w i l l  vary depending on the hormone used. If treatment wi th 

mam mal i an gonadotropins in i tiates and sustains development of the ovary and 
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reproducti ve tract, then ideal ly ,  further treatment to i nduce ovulation w i l l  not be 

requ i red. 

1 .5.3 Comparison of mammalian and avian gonadotropins 

Mammal i an and aVian gonadotropins di ffer in their abi l i ty to stimulate ovarian 

development and i nduce ovu l ation in birds. Das and Nalbandov ( 1 955) found chicken 

p itu itary gonadotropins to be more capable of inducing fol l icular growth than 

mammal ian gonadotropins.  The chicken preparation was abl e  to stimu late fol l i cu l ar 

development in the ovaries of immature, hypophysectomised hens, whereas the 

mammalian preparation had no effect. Opel and N albandov ( 1 96 1  a) found the response 

of ovaries to CAP was more variable than to PMSG or mammal ian FSH i n  that some 

b i rds showed l i tt le response, some exhibited a normal fol l icular h ierarchy, and others 

showed overst imulation of fol l icular growth in the middle size c lasses. Mammal i an LH 

used to i nduce ovu lation led to progesterone secretion in chickens (Huang et aI., 1 979) 

and quai l (Asem et al. , 1 985), but with less potency than avian preparations (Scanes and 

Fagiol i ,  1 980) .  Large atretic fol l icles are found on the ovaries of CAP treated birds 

(Ph i l l i ps, 1 943 ; Mitche l l ,  1 967a and 1 967) ,  but occurred more frequent ly  i n  PMSG 

treated b irds (Phi l l i ps, 1 943 ; Opel and Nalbandov, 1 96 1 a; Imai et aI . ,  1 972). 

Comparing  the effectiveness of mammal i an and avian gonadotropins for stimu lating 

reproducti ve act iv ity is  confounded by the fact that so many factors vary from one 

experiment to another. This may expla in some of the confl icting resul ts  that exist  

between supposed l y  s im i lar studies. One of the major inconsistencies between the 

various experiments reported in the l i terature is the physiological state of the b irds prior 

to treatment. The main d ifference between experiments is often the age of b i rds at the 

start of the experimental period. Most studies have ut i l i sed birds that are sexual l y  

m ature, and are, or have been, reproductively act ive (Phi l l i ps, 1 943; Hosoda et aI. ,  

1 955 ,  1 956 ;  Ope I and Nalbandov, 1 96 1 a; Mi tche l l ,  1 966; 1 967a; 1 967b; 1 970; Imai , 

1 972 ;  Imai et al. , 1 972;  Kamiyosh i and Tanaka, 1 972;  Reeves et aI., 1 973,  Zadworny 

and Etches, 1 988 ;  Peti tte and Etches, 1 989;  Palmer and B ahr, 1 992). Relat ive ly few 

researchers have used b irds that are sexual l y  immature or have never la id (Ph i l l ips, 
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1 943 ;  Das and Nalbandov, 1 955;  Taber et aI., 1 958 ;  Wakabayashi  et al. , 1 992; 1 996). 

On ly recent ly have birds been held on short day l engths that prevent ovarian growth 

before hormone treatment (Wakabayashi et aI. ,  1 992; 1 996) . The fai l ure to stimulate 

ovarian growth in birds treated from hatch to 35 days old suggests that the ovary is  not 

able to respond to gonadotropins at this time (Taber et aI., 1 958) .  Sexual ly  immature 

b irds may require different hormones, different doses of hormones or different  

combi nations of h ormones to stimulate ovarian development compared to mature b irds 

that have never laid ,  or b i rds that have previously l aid ,  but have undergone complete 

regress ion .  It is l i ke ly  that the endogenous rat io of LH:FSH w i l l  vary between b irds of 

di fferent reproduct ive states, which may account for some of the differences in response 

to exogenous hormones. 

The methods used to extract the pitui tary fractions vary from experiment to experiment. 

Mi tche l l  ( 1 967) and Imai ( 1 972) found that chicken pitui tary preparations from different 

stages of the extraction process do d iffer in thei r  abi l i ty to stimulate ovarian 

development.  Mi tchel l  ( 1 970) found that more h igh l y  purified extracts were unable to 

stimu late ovarian growth in hypophysectomised females with ful l y  regressed ovaries .  

In those extracts that did activate ovarian development, egg size was found to decrease 

during treatment. The gonadotropin content of the extract may be too l i ttle to sustain 

adequate steroid production or release to maintain the normal level of yol k  deposit ion. 

Different  extracts may vary in their LH and FSH content without these differences 

being detected by mammal ian bioassays. The variation in  ovarian response to treatment 

with pitui tary extracts may be due to differences in purification techniques, variation 

among the recipients of i njections, or resul t  from different doses being admin istered i n  

each experiment. 

Other factors that have varied between experiments, which make useful comparisons 

difficult ,  inc lude variation in the timing, frequency, duration and del i very of hormones, 

and the use of numerous species of birds, and various strains of an individual species. 

Despite th is ,  i t  is  c lear that both mammal ian and avian gonadotropins are capab le  of 

stimul at ing growth of the ovary and reproductive tract. The choice of hormone for 

studies of the hormonal stimulation of breeding  in  birds therefore depends on factors 

such as the cost, avai labi l ity and ease of use of differen t  hormones and h ormone 

preparat ions .  
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1 .6  Outline of Thesis 
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The overal l aim of the research described in this di ssertation was to develop methods to 

st imulate ovarian development, ovu lation and egg- laying in Japanese quai l .  A 

successfu l  treatment protocol should result in  oviposition of viable eggs, which if  

ferti l i sed, wou ld  develop into healthy, ferti le offspring .  The protocol could  then be used 

to stimulate reproduction in endangered and threatened birds such as kakapo. 

The Japanese quai l  (Coturnix coturnix japonica) was an ideal model species for thi s  

research for several reasons. I t  was avai l able from a nearby commercial source, and 

could  be housed and maintained with rel ative ease. Japanese quai l  reach sexual 

maturity at 4-6 weeks of age, and females w i l l  l ay year round in  response to a 

stimu latory photoperiod. Reproductive activity i n  Japanese quai l can be manipu l ated 

read i l y  with changes in photoperiod and temperature. The New Zealand strain of 

Japanese quail requ i res cool temperatures in conjunction with a short day photoperiod 

to inhibi t  reproduction (unpubl ished observations, Chua and Hessel l ,  1 998).  Under 

these condi tions,  the reproductive system wi l l  either regress, if previousl y  active, or w i l l  

remain inactive. 

PMSG was used to stimulate ovarian development and ovulation in Japanese quai l .  

PMSG was chosen because it was readi ly  avail able ,  rel atively inexpensive, required no 

preparation prior to use, and was easi ly admin istered to the birds. 

The fol lowing questions were addressed : 

I .  Wi l l  PMSG stimulate ovarian development i n  the New Zealand strain of Japanese 

quai l ?  

2. Which is the best method for administering PMSG to the quai l ?  

3 .  What is  the duration of treatment required t o  st imulate development of an ovuable 

fo l l ic le? 

4. Which dose, or combination of doses, I S  requ i red to stimu late normal ovarian 

development? 
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S .  What frequency of treatment is necessary to in i tiate and maintain fol l icu lar growth? 

6 .  What is the effect of a restricted feeding regime on the ovarian response to 

treatment? 

Chapter 2 describes two experiments in which ovarian development was stimulated in 

Japanese quai l using PMSG, and ovu lation induced with hCG or an avian pituitary 

extract .  Chapters 3 and 4 describe a series of experiments that were designed to answer 

questions two through to five outl ined above. The final experimental chapter (Chapter 

5) addresses question s ix .  In Chapter 6 (General D iscussion), the results and ideas from 
al l previous chapters, as wel l as future directions for this research, are discussed. 
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2 Effect of continuous PMSG treatment by osmotic 

pump on ovarian development 

2.1 Introduction 

The successfu l  use of mammal ian and aVIan gonadotropins to i nduce reproduct ive 

activity in  birds has already been discussed i n  Chapter 1 .  Bi rds have been treated w i th 

exogenous gonadotropins  to examine the effect on oviductal and ovarian development 

in numerous studies, but very few experiments have been designed specificall y  to 

devise a treatment schedule suitable for inducin g  reproduction in endangered or 

threatened avian species such as the kakapo (Strigops habroptilus). Recently, work b y  

Wakabayash i and col leagues ( 1 992; 1 996) focused on stimu lat ing ovarian and oviductal 

development, ovu lation and oviposi tion i n  the Japanese quai l ,  w ith the i dea that s imi lar 

techniques could be appl ied to the severe ly  endangered Japanese ibis (Nipponia nippon; 

Ishi i  et al . ,  1 994) . Ovarian development was stimu lated i n  Japanese quail using chicken 

pitui tary ex tract or PMSG. Ovul ation and oviposit ion were then i nduced i n  

approx imately 30% o f  the treated quai l  using chicken pituitary extract o r  hCG. 

Hatchabi l i ty of the eggs was high, and al l newly hatched chicks were fert i le 

CWakabayashi et al . ,  1 996) . 

S im i l ar techniques have al so been used i n  mammals w ith successful results. PMS G  

treatment has been used in  pigs to stimulate fol l icular development, fol lowed 7 2  hours 

l ater by i njection of hCG to i nduce ovulation (Duayani and Srikandakumar, 1 998) .  

S imi larly, in  the house musk shrew (Suncus murinus) and the vesper mouse (Calomys 

musculinus), PMSG was used to stimu late fol l iculogenesis ,  and 48 or 72 hours l ater, a 

s ingle injection of hCG was administered to i nduce ovul ation and over 80% of the 

treated females responded with an ovu latory or superovulatory response (Matsuzaki et 

al. , 1 997; Lasserre et al. , 1 998).  These techniques have also been used in endangered 

mammal ian species to stimulate reproduction and i ncrease population numbers . 
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Clouded leopards (Neofelis nebulosa) have been successfu l l y  treated with PMSG to 

stimu late fol l icular growth, fol lowed by an i njection of hCG to i nduce ovul at ion 

(Howard et al. , 1 996) .  

The New Zealand strai n of Japanese quail has not previous l y  been treated with PMSG 

to sti mulate reproductive development. The aim of the current experiments was to 

stimu l ate ovarian and oviductal development by admin istering PMSG, and to induce 

ovu lation with a ch icken pituitary extract or hCG. The experimental protocol was 

simi l ar to that employed by Wakabayashi et al. ( 1 996) in which female Japanese quail 

were implanted with osmotic pumps contain ing PMSG and treated with i njections of 

hCG to i nduce ovulation. 

2.2 M ethods and Materials 

2.2. 1 Animals 

Three week old male and female quai l were purchased from a commercial source 

(Rangitikei  Game B irds) .  Prior to purchase, birds were reared on a long-day 

photoperiod ( 1 6L: 8D) .  From three weeks of age, birds were maintained under e i ther a 

l ong day photoperiod ( 1 6L: 8D) at 20°C, or a short day photoperiod (8L: 1 6D) at l O°e. 

Previous experiments have shown that short days as wel l as low temperatures are 

necessary to suppress gonadal development in the strain of Japanese quai l  avai lable to 

us (Chua and Hessel l ,  unpubl ished data) . B i rds were held individual l y  i n  cages 

measuring 35 x 25 x 20 cm, with water and food avai l able ad libitum. 

2.2.2 Hormone p reparation 

Al l  the hormones used in the fol lowing experiments were kindly donated by Professor 

Susumu Ishi i ,  Waseda University, Tokyo. PMSG and hCG were origi nal l y  purchased 

from Teikoku Zoki ,  Tokyo, Japan. 
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A pitui tary gl ycoprotei n fraction was prepared from 2 .00 g of powdered acetone dried 

ch icken pituitary glands also donated by Professor Ish i i .  The powder was p laced in a 

s i l i conised beaker, di ssol ved in a solution of 40% ethanol contain ing  6% ammonium 

acetate and the pH adjusted to 5 .  f . The solution was homogenised overni ght on a 

magnetic stirrer at 4°C, and then transferred to a polyethylene centrifugation tube. The 

homogenate was centrifuged for 1 0  minutes at 1 2  000 rpm using a SS34 rotor in a 

Sorval l RC 5C Plus centrifuge at 4°C. The result ing supernatant was measured 

preci sel y us ing a 500 /1-1 Hami l ton syringe,  and transferred to a clean teflon 

centrifugation tube. The extraction procedure was repeated twice, and the supernatants 

combined. One hundred percent ethanol was gradual l y  added to the supernatant, unti l  a 

final concentration of 80% ethanol was reached. The solution was stored overnight at -

20°C and then centrifuged for 1 0  minutes at 1 2  000 rpm.  The supernatant was 

di scarded, and the pel l et rinsed with 5 ml of 1 00% ethanol . Centrifugation was repeated 

( 1 0  minutes at 1 2  000 rpm) ,  the supernatant was discarded,  and the remaining pel l et was 

ri nsed in ] m l  of diethyl ether. The pellet was broken using a spatul a, and placed in  a 

vacuum flask unti l  completely  dry. The glycoprotein  powder was di ssolved in  ster i le  

sal ine before injection. 

2.2.3 Hormone administration 

Two experiments were conducted in which PMSG was administered us ing Alzet min i­

osmotic pumps, models 200 1 and 2002. The model 200 ] pump has a deli very rate of 

1 .0 /1-l/hour, and del ivers hormone continuously for one week. For both experiments , 

the low dose 200 1 pump was loaded with a solution of PMSG so that 40 ru of PMSG 

wou ld  be del ivered dai ly  to the bird .  The model 2002 pump del i vers continuously for 

two weeks at a rate of 0.5 J.lllhour. In experiment 1 ,  model 2002 pumps were loaded 

wi th a PMSG solution enabl ing ] 60 IU to be admin istered to the b i rd dai l y ,  and this 

dose was decreased to 1 20 IU for experiment 2.  Pumps were implanted subcutaneous ly  

on the  underside of  the body beside the thigh fol lowing l ocal anaesthesia of a small area 

of skin using Lopaine ( l ignocaine hydrochloride) at 1 0  J1g per gram of body weight. A 

smal l incis ion was made in the abdominal skin beside the thigh, and the pump inserted. 
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The incision was then c losed using a surgical wound c l ip  (Autocl ip ,  Becton Dickinson, 

USA), and a topical anti biotic cream appl ied (Bactroban, Smith Kl ine Beecham) .  

The gl ycoprotein  preparation and hCG were admin istered v ia intraperitoneal injections. 

Both hormones were di ssolved in 0.9% steri l e  sal i ne (7.5 mg of g lycoprotein / 1  ml 

sal ine and \ 0  000 IU hCG /1 m l  sal ine), and each treated bird received a volume of 200 

/-LI of hormone solution per injection. 

2.2.4 Experimental design 

2.2 .4. J Experilnent I 

Forty-two female birds were d ivided into five groups as fol lows: 

PMSG and hCG I Twelve females were held on short days at l OoC from three weeks 

of age. At s ix  weeks of age, each bird was implanted on the right-hand s ide of the body 

w i th a model 200 1 osmotic pump (low dose pump del i vering 40 ID PMSG/day) .  A 

model 2002 osmotic pump (high dose pump del i vering 1 60 IU PMSG/day) was 

implanted on the left-hand s ide of the body at seven weeks of age; at this time, the 

model 200 1 pump was empty, but was not removed from the body. Five days after 

implantation of the second pump, birds recei ved intraperitoneal i njections of 2 000 ID 
hCG dai l y  for two days, and then received a final i njection of 6 000 ID hCG on the third 

day. A sexual ly  act ive male was placed in  the cage with each female for 30 minutes 

before each injection, a l lowing enough time for at l east one successful mating to occur. 

Any eggs that were l aid were incubated in  an Ovo-Lux 1 00 electronic incubator (SP. R. 

L.  Humblet, Belgium) at  a constant temperature of 37.SoC and 60% humid i ty .  Eggs 

were incubated for 1 7  days, and turned through a 90° angle four  t imes a day. B i rds in 

th is  group were euthanased at n ine weeks of age using a standard method of stunning 

fol lowed by decapitat ion.  

PMSG and hCG 2 Twel ve females were held on short days at l OoC from three weeks 

of age, and treated with PMSG in the same manner as the previous group.  Injections of 
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hCG started four days after implan tation of the second pump and were administered 

dai l y  for four days . The first three i njections contained a dose of 2 000 IU hCG, and the 

fi nal injection was increased to a dose of 4 000 IU hCG. B i rds were euthanased at n i ne 

weeks of age. 

PMSG S ix  females were held on short days at I ODC from three weeks of age. B i rds 

were implanted with model 200 1 and 2002 pumps as described above, but did not 

receive any injections .  AII birds in this group were euthanased at eight weeks of age in  

order to  determine the state of the reproductive system at  the same t ime as  the treatment 

wi th hCG started in the other groups of birds. 

Long day and short day S ix  females were held on l ong days at 20DC and s ix  on short 

days at 1 0DC from three weeks of age. Birds received no implants or i njections, and 

were euthanased at n i ne weeks of age for comparison with hormone treated groups. 

2.2 .4. 2  Experiment 2 

Twenty-three female quail were divided i nto three groups as fol lows:  

PMSG Nine females were held on short days at  1 0DC from three weeks of age. At s ix 

weeks of age, each bird was implanted with a l ow dose (40 ill/day) model 200 1 osmotic 

pump on the underside of the body, beside the right thigh. At seven weeks of age, the 

low dose pump was removed, and replaced with a model 2002 osmotic pump del i vering 

1 20 IU PMSG/day. This ensured that the left-hand s ide of the body remained c lear so 

the ovary could be eas i l y  viewed using ultrasound. The ovary of each bird was 

observed with an Ultramark 9 u ltrasound machine (A TL U ltrasound,  Austral ia) every 

four days after implantat ion of the second pump. If a fol l ic le greater than 1 5  mm i n  

d iameter (pre-ovul atory F ,  fol l ic le) was visible, then the bird was given dai l y  i njections 

of pitui tary glycoprotein extract for at least two days. B i rds wi th ovaries that did not 

meet this cri terion were checked again using u l trasound every three to four days for up 

to two weeks foHowing implantation of the second pump. Injections were admin istered 

when fol l ic les greater than 1 5  mm in diameter were present. A sexual l y  act ive male 

was p laced in  the cage with each female for 30 m inutes before each i njection, al lowing 
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enough t ime for at least one successfu l  mating to occur. Any eggs that were l ai d  were 

i ncubated in an incubator. B irds were euthanased at n ine weeks of age. 

Long day S ix  female quai l were held on l ong days at 200e (LD ] 6 :8)  from 3 weeks of 

age to serve as control birds. These birds were euthanased at nine weeks of age. 

Short day Eight female quai l were held on short days at I Ooe (LD 8 : ] 6) from 3 weeks 

of age to serve as control b irds. These birds were euthanased at n ine weeks of age. 

A l l  b irds i n  experiments I and 2 had ad libitum access to food and water. Body weight 

and the diameter of the c10acal opening were measured in al l b i rds every second day 

from three weeks of age (except treated birds in experiment 1 which were measured and 

weighed every two days from the start of treatment) .  The cloacal opening diameter 

i ncreases as the oviduct develops, so this is a useful external indicator of reproductive 

tract growth. B lood samples were col lected fol lowing decapitation, and p l asma was 

stored at -20oe unt i l  assayed for estradiol and PMSG concentration. Ovaries and 

oviducts were excised, and weights of each recorded. The numbers of l arge yel low, 

smal l yel low, and l arge white fol l ic les present on each  ovary were recorded, and the 

d iameter of each l argest fol l ic le  in each size c lass measured. The number of l arge atretic 

fol l ic les on the ovary was also recorded. Ovaries and oviducts were immediately fixed 

in Boui n ' s  solution for histological studies carried out by Or. lane GirI ing and Mr. Guy 

Hesse l l .  

A l l  experimental procedures were approved by  the Massey University Animal Ethics 

Commi ttee. 

2.2.5 Radio- and enzyme-immunoassay of plasma hormones 

PIa  ma estradiol concentrations I II plasma samples were measured by 

radioimmunoassay, and plasma PMSG concentrations by enzyme-immunoassay. 
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To separate l ip id from the plasma, each sample was thawed and spun at 1 4  000 rpm for 

5 minutes (IEC Micromax ven t i lated microcentrifuge OM3590) i n  a 1 . 5 m l  Eppendorf 

tube. A 200 /-l-I al iquot of c lear plasma from below the l ip id l ayer was transferred to a 

glass screw-top extraction tube ( 1 3  x 1 00 mm) and 2 ml  of dist i l led d ich loromethane 

(Analar, BDH) was added using a Merck bottle-top dispenser. The plasma and 

dichloromethane were vortexed together for 1 0  seconds, centrifu ged at 1 900 g 

(Beckman TJ-6 centrifuge) for five minutes to ensure none of the p lasma was l eft on the 

s ides of the tube and shaken for one hour on an orbi tal shaker (Chi l tern Scientific 

SS70). Samples were then centrifuged at 1 900 g for 1 0  minutes to separate the organic  

and aqueous phases. A 1 600 ).1 1  al iquot from the organic  phase was removed from each 

tube, placed in to an open-top glass tube (Kimax, 1 3  x 1 00 mm) and dried under a stream 

of ai r in a heating block at 37°C. The extract was reconsti tuted in 350 ).11 phosphate­

buffered sal ine wi th gelatine (PBSG), vortexed three times at five-minute i ntervals, 

shaken for one hour at room temperature and left overnight at 4°C. Two 1 00 ).11 

a l iquots of this extract were then transferred in to polystyrene assay tubes ( 1 2  x 75 mm) 

for i mmediate assay. 

The recovery of estradiol during the extraction process was measured by adding 20 ).11 

of trit iated estradio l  solution (5 000 cpm) to 30 samples i n  a s ingle extracti on .  The 

percentage recoveries from plasma samples were calculated for b irds he ld on short days, 

b irds held on l ong  days and birds treated wi th PMSG. The mean percentage recovery 

for estradiol  in quai l p lasma was 90.2 ± 3 . 1 % for short day samples (n= 1 0), 8 1 . 3 ± 3 . 1 % 

for long day samples (n= I O), and 78 .5  ± 3 . 1 %  for samples from PMSG treated birds 

(n= I 0). 

2.2.5.2 Radioimmunoassay of estradiol 

One hundred micro l i tres of reconstituted p lasma extract i n  PBSG was i ncubated wi th 

1 00 ).11 of antibody (Etches, Canada; estradiol  antiserum 4 1 - 1 2  rai sed i n  sheep) and 1 00 

!ll of triti ated estradiol CH-estradiol  TRK.332, Amersham, UK; 5 000 cpm) overnight at 



Chapter 2 53 

4°C. Five hundred microl i tres of dextran-coated charcoal (2.5 g/l charcoal [S igma] ,  

0 .25  g/l dextran [Dextran T70, Amersham Pharmacia] i n  PBSG) was  added to each 

sample  us ing an Eppendorf mu lti-pipetter and was incubated with the sample  for 1 5  

minutes at 4°C to separate bound and free estradiol . Samples were then centrifuged at 

2 000 g for 1 5  minutes at 4°C (Beckman GS-6R refrigerated centrifuge), and the 

supernatant poured off into a 5 ml pol ypropylene scinti l l ation vial . A Merck bottle-top 

dispenser was used to add 3 ml of scinti l l ant (5 g/l PPO [2,3-diphenyl-oxazole, S igma] , 

0 .3  g/l dimethyl POPOP [ I  ,4-bis- { methy l -5-phenyl-2-oxazoly } -benzene, S igma] i n  

toluene [Mobi l ] )  to  each vial ,  then the samples were shaken for one hour  on  an orbital 

shaker. The samples were left at room temperature for one hour, then were counted in a 

Wal lac 1 409-4 1 1 l iquid scinti l l ation counter for five minutes each.  

The sensit i vity of the radioimmunoassay for estradiol was determined as the hormone 

concentration at the mean minus two standard deviations from the percentage bound of 

the zero hormone tubes . The sensit iv i ty was 1 7 .6  pg/ml on the standard curve, which 

was equivalent to an estradiol concentration in quai l plasma of 40.7 pg/ml (n=5 assays). 

Serial d i l utions of extracted quail plasma in assay buffer (PBSG) were paral l el to the 

estradiol standard curve (n=3) .  Recovery of estradiol added to quail p l asma was 90.8 ± 

8 .8%,  92.9 ± 8 .9% and 92.3 ± 1 3 . 3% for three different samples (W.H .  Chua, pers. 

comm. ) .  

Solutions of  estradiol in PBSG at concentrations that gave approximate ly  20 ,  50 and 

80% binding on the standard curve were used as h igh, medium and low qual i ty controls 

in  every assay. The mean concentrations of these standards were 1 908 .5 ± 30.7 , 496.9 ± 

23 .0 and 1 05 .4 ± 6.9 pg/ml respectively .  Intra-assay coefficients of variation for 

estradiol  were determined by conduct ing an assay with ten dupl icates of  each qual i ty 

contro l .  The intra-assay coefficients of variat ion for estradiol were 9 .2%,  4 .5% and 

1 1 .4% for high, medium and low qual i ty controls respectively. Inter-assay coeffic ients 

of variation were calculated from dupl icates of the qual i ty contro ls  i nc luded at the 

begi nn ing and end of each assay. The in ter-assay coefficients of variation for seven 

assays were 1 .7%,  4.6% and 6.5% for h igh, medium and l ow qual ity controls  

respectivel y .  
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The cross-reactivity of the estradiol antibody was reported by Etches et al. ( 1 98 1 )  as 

fol lows :  estradiol 1 7  -ex « 1 .0%), estriol « 1 .0%) and estrone (4.3%) .  

2.2 .5 .3  Enzymeimmunoassay of PMSG 

The concentration of PMSG in plasma samples from al l  treated birds was measured by 

Dr. Keith Henderson (AgResearch, Wal l acev i l le  Animal Research Centre, Upper Hutt, 

New Zealand) lls ing a competitive enzymeimmunoassay (EIA) uti l i s ing reagents 

purchased from Biogenesis Ltd . ,  Poole, England, UK. The antibody was a rabbit 

polyc1onal antibody generated against PMSG. Its rel ative cross-reactiv ities with PMSG, 

eLH and eFSH were 1 00%, 30% and 1 0% respectively .  The purified PMSG 

preparation used as the assay standard had a potency, as provided by the suppl ier 

B iogenesi s  Ltd . ,  of 1 0  000 IV per mg powder, expressed relative to the second 

in ternat ional PMSG reference standard 621 1 .  A less purified preparation of PMSG (also 

obtai ned from B iogenesis) was used as the coat ing antigen in the EIA, which was 

performed s imi larly to that previollsly described by Henderson et al. ( 1 998) .  Wel l s  of 

microtitre p lates (Nunc, Max isorp C 1 2) were coated w ith the PMSG antigen by 

overnight  i ncubation at 4°C with 0.25 IU of PMSG prepared in  0. 1 ml of coating buffer 

(50 mM carbonate-bicarbonate buffer, pH 9.6) .  The wel l s  were emptied by i nversion, 

and remain ing act ive s i tes saturated by incubation for 30 minutes at room temperature 

wi th 0.25 ml b locking buffer (coating buffer contain ing 0.5% gelat in) .  Wel l s  were 

emptied and washed three times with washing buffer ( 1 0  mM phosphate buffer 

contain ing  0 .8% NaCI and 0.05% Tween 20, pH 7 .4).  Rep l icate wel l s  then recei ved an 

al iquot of quai l p lasma (0.02 ml) or PMS G  standard di l uted to 0. 1 ml with assay buffer 

(wash ing buffer contain ing 0. 1 % gel at in and 0.0 1 % thimerosal , pH 7.4) .  Thi s  was 

fol l owed by 0. 1 ml of the PMSG antibody ( 1 1 1 0  000 di lution), and the p lates were 

i ncubated for 2 h at 37°C. After emptying and washing, the wel l s  received 0. 1 ml of 

anti -rabbi t IgG-horseradish peroxidase conjugate ( 1 / 1  000, Sigma Chemical Co. , 

Missour i ,  USA) d i luted in  assay buffer, and the plates were incubated for 1 h at 37°C. 

After emptying and washing the wel l s  three t imes, the peroxidase act iv ity in each well 

was quantified by the addit ion of 0. 1 ml of substrate-chromogen solution (50 ml of 0.05 

M phosphate c i trate buffer, pH 5 .0, contain ing 20 mg o-phenylenediamine and 0.02 ml 

30% H202). Colour was al lowed to  develop for 1 5  to  30  minutes at 37°C before the 
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reaction was stopped with 2M H2S04 (0.05 ml/we l l )  and the colour intensity read at 490 

nm using a B io-Tek ELX800 automated microplate reader. The concentration of PMSG 

in the quail p lasma samples was calculated by interpolation from the standard curve, 

which had a working  range from 1 TU/m I to 50 TU/m! .  For the purpose of analysis, 

samples w ith non-detectable levels of PMSG were recorded as hav ing  1 IU/ml (the 

minimum detectable  concentration of the assay) .  Intra- and inter-assay coefficients of 

variation were <9% .  Dose response di lutions of quai l plasma (0.005 to 0.02 ml)  were 

paral le l  to the standard curve. 

2.2.6 S tatistics 

Al l  variables were tested for homogenei ty of variance using Levene 's  test .  When 

variances were homogeneous across groups for a s ingle variable, ANOV A fol lowed by 

Bonferron i ' s  post hoc tests were used to analyse data. When variances were not 

homogeneolls across groups, Kruskal-Wal l is non-parametric ANOVA fol lowed by 

Mann-Whitney U tests were performed to determine differences between groups. One­

way repeated measures ANOV A was used to analyse changes in c loacal d iameter over 

t ime. Relat ionships between variables were investigated using l inear regression to 

calcu late 1'2 values .  

ANOV As and non-parametric equivalents were carried out using S ystat Vers ion 8.0 

(SPSS Inc . ,  1 988) ,  and relationships between variabl es ( l inear regression) were analysed 

us ing GraphPad Prism Version 3.0 (GraphPad Software Inc. ,  1 999). Data were 

transformed to l ogari thms where necessary before analysis. Data are shown as mean ± 
standard error. 
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Figure 2.1 .  Changes i n  c loacal diameter of b i rds on short days, long days, and short 
days p lus  PMSG and hCG treatment (experiment  1 ) . Days of implantation of low dose 
(40 ill PMSG) and h igh dose ( 1 60 IU PMSG) pumps, and the period of dai l y  hCG 
i nject ions are i n dicated by arrows on the x axis .  
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Figure 2.2. Mean c10acal diameter of birds on short days , l ong days, and short days 
plus treatment wi th 40 ill PMSG dai l y  for one week fol lowed by 1 60 ill PMSG dai l y  
for two weeks admin istered b y  osmotic pump (experiment 1 ) . Two groups also received 
injections of hCG for three or fOllr days . 
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Figure 2.3. Changes in c loacal diameter of birds on short days, long days, and short 
days plus PMSG and gl ycoprotein treatment (experiment 2) .  Days of implantation of 
low dose (40 IU PMSG) and high dose ( 1 20 IU PMSG) pumps, and the period of 
gl ycoprotei n  i nj ections are i ndicated by arrows on the x ax is .  
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2.3 Results 

2.3.1 External measurements and observations 

2 . 3. f. f Cloacal diam.eter 

56 

In both experiments I and 2, the cloacal open ing of a l l  PMSG treated b irds i ncreased 

after three weeks of treatment to a diameter s imi lar to that of long day control birds 

(Figures 2 . 1 ,  2.2 and 2 . 3  (on ly  one PMSG group shown in Figure 2 . 1 ), see Tables 2 . 1 -

2 .4 for statistics) . The c loacal diameter of birds held on short days at 1 0°C remained 

smal l and showed no  s ignificant change throughout ei ther experiment .  The first three 

days were excluded from the analysis of short day birds from experiment 2, as cloacal 

diameter increases s l i ght ly during this  time as the birds are growing.  Long day control 

groups and al l of the PMSG treated groups had s ignificant ly  l arger c loacal diameters at 

the end of both experiments than at the start (Figures 2 . 1 and 2 . 3 ;  see Tables 2. 1 and 2 .2 

for statistics) . B irds kept on short days had s ignificant ly  smaller cloacal diameters than 

the long day birds or any of the treated groups at the end of both experiments. Al l  

PMSG treated birds had c loacal diameters simi l ar to birds he ld on long days (see Tables 

2 . 3  and 2 .4 for stati st ics) .  

Table 2. 1 .  Summary of one-way repeated measures ANOV A for changes in c loacal 

open ing diameter across days for each group in experiment 1 .  

Group F df P 

S hort day 0.965 1 6, 80 0.502 

Long day 36.24 1 1 6, 64 0.000 

PMSG 48.68 1 7, 28 0.000 

PMSG & 3 days heG 64.670 1 0, 1 00 0.000 

PMSG & 4 days heG 75 .493 1 0, 1 00 0.000 
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Table 2.2. Summary of one-way repeated measures ANOV A for changes i n  c loacal 

open ing  diameter across days for each group in experiment 2 .  

Group 

S hort day (wi thout first 3 d ays) 

Long day 

PMSG & gl ycoprotein 

F 

1 .445 

64.943 

79.354 

df 

1 6, 1 1 2 

1 9, 95 

1 9, 1 1 4 

p 

0. 1 34 

0.000 

0.000 

Table 2.3. Summary of one-way ANOVA and Bonferroni ' s  posthoc tests comparing 

c loacal open ing diameter between groups at the end of experiment 1 .  

A NOVA 

All groups 

Bonferroni's posthoc tests 

S hort day vs long day 

S h ort day vs PMSG 

S hort day vs PMSG + 3 days heG 

S hort day vs PMSG + 4 days heG 

Long day vs PMSG 

Long day vs PMSG + 3 days beG 

Long day vs PMSG + 4 days heG 

PMSG vs PMSG + 3 days heG 

PMSG vs PMSG + 4 days heG 

PMSG + 3 days heG vs PMSG + 4 days heG 

F df 

9.450 4, 30 

p 

0.000 

p 

0.000 

0.0 1 0  

0.000 

0.002 

1 .000 

1 .000 

1 .000 

1 .000 

1 .000 

0.99 1 



Fac ing  Page 58  

300 

-
C') 275 ---

-
J:: 
.g> 
� 250 
>-� o 

m 225 

200 

Short 
day 

Long 
day 

PMSG PMSG PMSG 
& 3 days & 4 days 

Treatment 
hCG hCG 

Figure 2 .4 .  Mean body weight for b i rds on short days, long days, and short days plus 
treatment with 40 ID PMSG dai l y  for one week fol lowed by 1 60 ID PMSG dai l y  for 
two weeks admin istered by osmotic pump. Two groups also received i njections of hCG 
for three or four days. 



Facing Page 58 

300 

'@ 250 -
-J: 
0) 
.� 200 
>­

"0 
o 

m 1 50 

1 00 

I 
20 

I 
30 

--.- Short day 

- Long day 

--0-- P MSG & g lycop rotein 

40 IU 1 20 lU 
PMSG PMSG G lycop rotein 

* ! * l I I I 
40 50 60 

Age (days) 

Figure 2.5. Changes in body weight of birds on short days, long days, and short days 
p lus PMSG and g lycoprotei n  treatment (experiment 2). Days of i mplantation of low 
dose (40 ill PMSG) and h igh dose ( 1 20 ill PMSG) pumps, and the period of 
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Table 2.4. Summary of one-way ANOV A comparing c loacal open ing  diameter 

between groups at the start and end of experiment 2, and Bonferroni ' s  posthoc tests 

comparing cloacal open ing between groups at the end of experiment 2 .  

ANOVA 

Cloacal diameter at start 

Cloacal diameter at end 

F 

1 . 398 

54.06 1 

Bonferroni's posthoc tests (end of experiment 2) 

S hort day vs l ong day 

S hort day vs PMSG + glycoprotein 

Long day vs PMSG + glycoprote in 

2.3 . 1 . 2  Body weight 

df 

2, 1 9  

2, 1 8  

p 

0 .27 1 

0.000 

p 

0.000 

0.000 

1 .000 

Body weight was measured at the end of experiment 1 (Figure 2.4) and every two days 

in al l birds i n  experiment 2 from three weeks of age (Figure 2 .5) .  S hort day controls 

were significantly l i ghter than long day control s at the end of both experiments (see 

Tables 2.5 and 2 .6  for statistics). Al l PMSG and hCG/glycoprote in treated groups were 

s ign ificant ly heavier than birds held on short days receiving no treatment, except for one 

group receiv ing on ly  PMSG in experiment 1 .  Bi rds treated with PMSG only were 

s ignificant ly l i ghter than the long day birds, but not s ign ificantly smal ler than the other 

treated groups. Al l  treated birds, except for the PMSG only group, had s imi lar body 

weights to the long day control s. 
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Table 2.5. Summary of KruskaJ -WaJ Jis non-parametric ANOVA and Mann-Whitney 

U tests compari ng body weight between groups at the end of experiment 1 .  

Kruskal-Wallis 

Al l  groups 

Mann-Whitney U tests 

Short day vs l ong day 

S hort day vs PMSG 

S hort day vs PMSG + 3 days heG 

S hort day vs PMSG + 4 days heG 

Long day vs PMSG 

Long day vs PMSG + 3 days heG 

Long day vs PMSG + 4 days heG 

PMSG vs PMSG + 3 days heG 

PMSG vs PMSG + 4 days heG 

PMSG + 3 days heG vs 
PMSG + 4 days heG 

K-W statistic df 

1 1 .384 4 

p 

0.023 

p 

0.004 

0. 1 44 

0.02 3  

0.0 1 8  

0.045 

0 .329 

0.239 

0 .39 1 

0.3 1 7  

0.935 

Table 2.6. Summary of one-way ANOVA and Bonferroni ' s  posthoc tests comparing 

body weight between groups at the end of experiment 2. 

ANOVA 

A l l  groups 

Bonferroni ' s  posthoc tests 

S hort day vs long day 

S hort day vs PMSG + glycoprotein 

Long day vs PMSG +glycoprotein 

F 

5 . 65 1 

df p 

2, 1 8  0.02 1 

p 

0.042 

0.024 

1 .000 
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2 . 3. 1 . 3  Ultrasound 

The use of u l trasound to detect developing fol l icles was tested in normal l aying females 

before the start of experiment 2 .  Fol l ic les greater than 4 mm i n  diameter could be 

viewed read i ly  in  laying birds. Ultrasound was then used to visual ise large yel l ow 

fol l i c les i n  PMSG treated birds (from experiment 2 only) at regul ar in terval s fol lowing 

implantation of the model 2002 osmotic pump. On Day 8 ,  yel lOW fol l ic les up to 6.5 

mm in  diameter were observed in s ix of the treated birds (see Table 2.7) .  However, 

none of the PMSG treated birds had developed fol l icles of an F l  size after one week of 

treatment,  therefore none of the birds were treated with g lycoprotei n  at this time. The 

ovaries of treated birds were observed again four days later (Day 1 3) ,  and three of the 

birds had several foI l  ic 1es greater than 1 2  mm in size, with at least one fol l ic le  being  of 

a su itable s ize to ovulate. The three birds were subsequently treated with dai l y  

injections o f  g lycoprote in . On Day 1 6, ovaries were viewed again ,  and a further two 

birds had sufficient fol l icu1ar development to attempt induction of ovulation with 

gl ycoprotein .  The three birds that had been treated with glycoprote in  fol lowing the 

previous u l trasound sess ion continued to receive glycoprotein i njections.  Ovaries of 

treated b i rds were observed for the l ast t ime 1 1  days after implantation of the second 

pump (Day 1 9) .  Only one bird, which had not previously received g lycoprotein 

i nject ions,  was chosen for treatment fol l owing the l ast u ltrasound sess ion . A second 

bird that had al ready recei ved treatment continued to receive g lycoprote in i njections. 

There was a very good correlation between the number of large yel l ow fol l ic les seen by 

u l trasound on day 1 9  and the number of l arge yel low fol l ic les dissected on day 2 1  (y = 

0.5 1 1 0x -0.2888 ;  Figure 2 .6) .  The number of fol l ic les seen by ul trasound is lower than 

the actual number of yolky fol l icles present i n  the ovary because u l trasound can only 

detect fol l ic les on one s ide of the ovary. U l trasound was a very useful tool for 

identify ing fol l ic les greater than 4 mm i n  diameter, and providing an indication of the 

number of fol l ic les present in the ovary. 
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Table 2.7. Number and size of large yel low fol l icles present on the ovaries o f  PMSG 

treated birds (experiment 2) viewed with ul trasound on four separate occasions .  

Day 8 Day 1 3  Day 1 6  
No. Diam. No. Diam. No. Diam. 

Bird LYF* LYF+ LYF LYF LYF LYF 

Y I 7  I 5 .0 4 8 .0 0 -

Y53 2 4.4 4 1 0.4 2 6.7 

Y67 0 - 0 - 0 -

Y69 3 6 .5  3 9 . 1  4" 1 6.4" 

Y70 4 6 .0  e 1 5 .6" 1 0" 20.4" 
Y7 1 0 - 7" 1 7 .7" 8a 25 .2" 

Y72 3 5 . 5  4 9 .4 3 1 3 .9 

Y73 0 - 4" 1 4 .2" 3" 20.4a 

Y74 3 6 .5  3 1 0. 9  Sa 1 7 .3" 

" 
Number of l arge yel low fol l icles. 

+ Di ameter of the l argest yellow fol l ic le (mm). 
a Birds were subsequently treated with glycoprotein .  

2. 3. 1 .  4 Ovulation. and oviposition 

Day 19  Dissection 

No. Diam . No. Diam. 

LYF LYF LYF LYF 

0 - 0 -

2 6.9 6 24. 1 

0 - 0 -

6 1 6.8  1 3  22.5 
> 1 5  20.4 24 20. 1 

1 2  23.0 22 1 9 .7 

8" 1 5 .5" 1 8  22. 1 
2 1 5 .7 0 -

1 1  n 1 8 .6" 24 20 . 8 

Al l  b i rds i n  the long day control groups had started l ay ing regularly by the completion 

of each experiment. Birds usual l y  started l ay ing within two weeks of transfer  to a long 

day photoperiod at 20°C. Human chorionic gonadotropi n  treatment stimulated 

ovu l ation i n  two of the birds i n  experiment 1 .  Single ovulated fol l icles were found in  

the body cavity of both the birds upon dissect ion.  Injections of glycoprotein induced 

egg- laying  i n  one b ird (Y7 1 )  out of the s ix  that were treated in experiment 2 .  The bird 

l aid  three eggs weighing 9.9 g, 1 0.2  g and 1 0 .4 g. A l l  eggs were complete ly shel led and 

p igmented, but were smaller than eggs laid  by long day birds (mean weight = 1 2 .5  ± 0.3 

g ,  n= 1 5) .  A l l  eggs laid by the PMSG treated b i rd were ferti l e  (determined by 

exami nation of the germinal disc). However, embryos did not develop due to a faul t  in  

the turn i ng mechan ism of the incubator. 
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Figure 2.7. Indi vidual oviduct weights (A) and mean oviduct weights (B) for birds on 
short days , l ong days, and short days plus treatment wi th  40 ill PMSG dai l y  for one 
week fol lo wed by 1 60 ru PMS G  dai l y  for two weeks admin istered by osmotic pump 
(experiment 1 ) 0 Two groups al so received injections of hCG for three or  four days o 
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Figure 2.8. Indivi dual oviduct weights (A)  and mean ov iduct weights (B) for birds on 
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2.3.2 Ovary, oviduct and plasma hormones 

2 . 3. 2. J Oviduct weight 

62 

The oviduct remained smal l in almost al l b i rds held on short days receiv ing no treatment 

in both experiments (Figures 2 .7 and 2.8) .  The oviduct developed ful l y  in a l l  birds held 

on long days, and oviductal development occurred in all but one of the treated birds, 

al though there was considerable variation between birds within a group (Figure 2.7 A). 

The oviduct weights of l ong day and PMSG treated birds were s ign ificantly greater than 

those of short day birds (see Tables 2.8 and 2 .9  for statistics) . The mean oviduct weight 

of PMSG treated birds did not differ sign i ficant ly  from that of long day birds. 

Table 2.8. S ummary of one-way ANOVA and Bonferroni ' s  posthoc tests comparing 

oviduct weight between groups at the end of  experiment 1 .  

ANOVA F df P 

Al l  groups 8 .492 4, 3 1  0 .000 

Bonferroni 's  posthoc tests p 

S hort day vs l ong day 0 .000 

S hort day vs PMSG 0.000 

S hort day vs PMSG + 3 days hCG 0.005 

S hort day vs PMSG + 4 days hCG 0.00 1 

Long day vs PMSG 1 .000 

Long day vs PMSG + 3 days hCG 1 .000 

Long day vs PMSG + 4 days hCG 1 .000 

PMSG vs PMSG + 3 days hCG 0.774 

PMSG vs PMSG + 4 days hCG 1 .000 

PMSG + 3 days hCG vs 
PMSG + 4 days hCG 1 .000 
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Figure 2.9. Relationship between oviduct weight or log oviduct weight and cJoacal 
di ameter of control birds (untreated birds held on long days or short days) and birds 
held on short days i mplanted with osmotic pumps that released PMSG continuous ly .  
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The relationsh ip  between oviduct weight and c loacal diameter for al l b i rds was 

examined us ing l i near regression (Figure 2.9) .  There was a c lear relationship between 

oviduct weight and c loacal diameter for untreated birds held on short days or l ong  days 

(see Table 2 . ] 0 for stati stics) . There was no s ignificant correlation between oviduct 

weight and c loacal diameter for PMSG treated birds. 

Table 2.9. Summary of one-way ANOV A and Bonferroni '  s posthoc tests comparing 

oviduct weight between groups at the end of experiment 2. 

A NOVA 

A l l  groups  

Bonferroni ' s  posthoc tests 

Short day vs long day 

S hort day vs PMSG + glycoprotein 

Long day vs PMSG + glycoprotein 

F 

3 2 . 1 38 

df p 

2, 1 9  0 .000 

P 

0 .000 

0.000 

1 .000 

Table 2.10. Summary of l inear regress ion rel ationship between oviduct weight or log 

of oviduct weight and cloacal diameter for control and treated birds in experiments 1 

and 2. 

Oviduct weight Log of oviduct weight 

Group r2 Slope p r2 Slope p 

Untreated controls 0.9035 0.49 ± 0 .03 <0.000 1 0 .8593 2.49 ± 0 . 2 1  <0.000 1 

PMSG treated 0.0 1 34 0 .04 ± 0.06 0.5347 0.0845 1 .09 ± 0.67 0. 1 1 27 



Fac ing  Page 64 

75 
A 

..-.. 
Cl 

:E 50 
Cl 
'03 
� 
>-..... 
� 25 
0 

0 

25 
B 

'@ 20 
-
+-' 
.I: 

.!2> 1 5  
Q) 
:: 
� 1 0  ca 
> 
0 

5 

0 

• 

• • • • • 

Short 
day 

• 

. - . 
• • 

Long 
day 

• 

• 

• 

• • 

• -
• -

- • •  

• . -
• • • • • • - . . 

PMSG PMSG PMSG 
& 3 days & 4 days 

Treatment 

hCG hCG 

Figure 2.10. Indiv idual ovary weights (A) and mean ovary weights (B) for birds on 
short days,  long days, and short days plus treatment wi th 40 IU PMSG dai l y  for one 
week fol l owed by 1 60 IU PMSG dai ly  for two weeks admin istered by osmotic pump 
(experiment 1 ) .  Two groups also received injections of hCG for three or four days. 
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Figure 2.1 1 .  Indiv idual  ovary weights (A) and mean ovary weights CB) for b irds on 
short days, long days,  and short days plus treatment wi th 40 ill PMSG dai l y  for one 
week fol lowed by 1 20 ill PMSG dai ly  for two weeks administered by osmotic pump 
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Fig ure 2.12. The ovary of a normal laying Japanese quail CA) and the ovary of a 
PMSG treated Japanese quail showing overstimulation of follicular development 
(B). There are more large yellow follicles present than would be found in a normal 

laying bird, and the follicles are not arranged in a hierarchy. 
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2 . 3. 2. 2  Ovary weight 

With the exception of one bird,  the ovaries of al l short day control birds remained small 

(Figures 2. 1 0  and 2. 1 1 ) . The ovaries of al l b i rds held on long days reached ful l  

reproduct ive maturi ty by the end of the experiment .  Treatment with PMSG stimulated 

ovarian and fol l icular development but, as wi th oviduct growth, ovarian weight on 

d i ssect ion was h igh ly  variable between birds. The ovaries of several of the PMSG 

treated birds were up to five times heavier than those of untreated lay ing b i rds and 

showed considerable overstimulation of foI l icular development (Figure 2. 1 2) .  In 

contrast, the ovarian weight of some treated birds was s imi lar to that of untreated short 

day control birds. The mean ovary weight of al l PMSG treated groups did n ot d iffer 

s ign ificantly from the ovary weight of birds held on long  days (see Tables 2. 1 1  and 2 . 1 2  
for statist ics) .  Groups of birds on long days or treated with PMSG had s ignificantly 

l arger ovaries than short day birds. 

Table 2.1 1 .  Summary of Kruskal-Wal l is  nonparametric AN OVA and Mann-Whitney 

U tests comparing  ovary weight between groups at the end of experiment ] . 

Kruskal-Wallis 

All groups 

Mann-Whitney U tests 

S hort day vs long day 

S hort day vs PMS G  

Short day v s  PMSG + 3 days hCG 

Short day vs PMSG + 4 days heG 

Long day vs PMSG 

Long day vs PMSG + 3 days heG 

Long day vs PMSG + 4 days heG 

PMSG vs PMSG + 3 days heG 

PMSG vs PMS G  + 4 days heG 

PMSG + 3 days heG vs 
PMSG + 4 days hCG 

K-W statistic df 

1 1 .430 4 

p 

0.022 

p 

0.0 1 0  

0.045 

0.009 

0.005 

0.20 1 

0.5 1 5  

1 .000 

0.462 

0 .3 1 7  

0.807 
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Figure 2.13.  Relationship between ovary weight or log ovary weight and c loacal 
diameter of control birds (untreated birds held on long days or short days) and birds 
he ld on short days i mplanted with osmotic pumps that released PMSG continuously. 
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Table 2 .12. Summary of Kruskal-Wal l i s  nonparametric ANOVA and Mann-Whitney 

U tests compari ng ovary weight between groups at the end of experiment 2 .  

Kruskal-WaHis K-W statistic df p 

A l l  groups 1 4.488 2 0.00 1 

Mann-Whitney U tests p 

Short day vs long day 0.002 

S hort day vs PMSG + 
glycoprotein 0.00 1  

Long day vs PMSG + 
glycoprotein 0.302 

The rel at ionship between ovary weight and cloacal d iameter for al l birds was examined 

us ing l inear regression (Figure 2 . 1 3). There was a c lear relationship between ovary 

weight and c Joacal diameter for untreated birds he ld on short days or l ong days (see 

Table 2 . 1 3  for stat is ti cs) .  The correlation between ovary weight  and c loacal diameter 

for raw data from PMSG treated birds was almost s ignificant. 

Table 2.13. Summary of l i near regression relat ionships between ovary weight or l og of 

ovary weight and c loacal diameter for control and treated birds i n  experiments 1 and 2. 

Ovary weight Log of ovary weight 

Group r2 Slope p r2 Slope p 

Untreated controls  0. 8387 0.75 ± 0.07 <0.000 1 0 .906 1 2 .79 ± 0 . 1 9  <0.000 1 

PMSG treated 0. 1 225 0.02 ± 0.0 1 0.0536 0.0738 0.44 ± 0.29 0. 1 392 
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Figure 2. 14 .  Number of l arge yel low ovarian fol l icles (A) and mean number of large 
yel low ovarian fol l ic les (B) for b irds on short days, long days, and short days plus 
treatment w ith 40 IU PMSG dai l y  for one week fol lowed by 1 60 IU PMSG dai l y  for 
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i nj ect ions of heG for three or four  days. 
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A l l  short day birds, except one, did not have yel low ovarian fol l icles at the t ime of 

dissect ion.  The short day control b ird whose ovary developed was not included i n  

stati stical analyses of these data. The ovaries of b i rds he ld o n  long days contained a 

normal h ierarchy of 5-7 yel low fol l ic les. There was considerable variation i n  the 

number and size of yel low fol l icles in the ovaries of PMSG treated birds (Figures 2 . 1 4  

and 2 . 1 5) .  Many PMSG treated birds did not develop any yel low fol l ic les after three 

weeks of treatment. There were significan t  differences between the numbers of yel low 

ovarian fol l ic les i n  short day b irds and long day birds for both experiments (see Tables 

2 . 1 4  and 2 . 1 5  for statist ics) .  

Table 2. 14 .  Summary of Kruskal -Wal l i s  nonparametric ANOVA and Mann-Whi tney 

U tests comparing the number of l arge yel low ovarian fol l icles between groups i n  

experiment 1 .  

K ruskal-Wallis 

Al l  groups 

Mann-Whitney U tests 

Short day vs long day 

Short day vs PMSG 

Short day vs PMSG + 3 days hCG 

Short day vs PMSG + 4 days hCG 

Long day vs PMSG 

Long day vs PMSG + 3 days heG 

Long day vs PMSG + 4 days heG 

PMSG vs PMSG + 3 days heG 

PMS G vs PMSG + 4 days hCG 

PMSG + 3 days heG vs 
PMSG + 4 days heG 

K-W statistic df 

9.847 4 

p 

0.043 

p 

0.004 

0.054 

0.068 

0.026 

0.783 

0. 1 85 

0.020 

0.5 1 8  

0.450 

0.639 
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In experiment 1 ,  the group treated with PMSG fol lowed by 4 days of hCG had, on 

average, s ignifican t ly  more yellow fol l icles than short day controls, but significantly 

fewer than birds held under a long day photoperiod. The numbers of large yel low 

fol l ic les present i n  the other PMSG treated groups were not significantly different from 

either control group.  Results for experiment 2 were as expected; birds held on long 

days or treated with PMSG had significantl y  more yel low fol l i cles than the short day 

con trol group. The number of yel low ovarian fol l ic les i n  treated birds did not . d iffer 

sign ificant ly from that of l ong day birds. 

Table 2.15. Summary of Kruskal -Wal l i s  nonparametric AN OVA and Mann-Whitney 

U tests compari ng the number of large yel low ovarian fol l icles between groups i n  

experiment 2 .  

K ruskal-WaIlis 

All groups 

Mann- Whitney U tests 

Short day vs long day 

S hort day vs PMSG + glycoprotein 

Long day vs PMSG + glycoprotein 

K-W statistic df 

1 0.384 2 

p 

0.006 

p 

0.000 

0.00 1 

0.430 

Several of the l arge yel low fol l icles on the ovaries of PMS G  treated birds were atretic i n  

appearance. Large yel low atretic fol l icles were not found in  any of the long day control 

birds. 

There were no s ign ificant differences i n  the d iameter of the l argest yel low ovarian 

fol l ic le between groups in both experiments (F4• 16 = 1 .874, p=O. 1 69, experiment 1 ;  

t=3 .007, p=O. 1 1 7 , experi ment 2). 
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Figure 2.16. Individual p lasma estradiol concentrations CA) and mean p lasma 
estradiol concentration CB) for b irds on short days, long days, and short days plus 
treatment with 40 ru PMSG dai l y  for one week fol lowed by 1 60 ru PMSG dai l y  for 
two weeks administered by osmotic pump C experiment 1 ) . Two groups also 
received injections of heG for three or four days . 
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2.3.2 .4 Plasma estradiol 

Pl asma estradiol levels were low i n  birds held on short days in both experiments, 

averaging approximately 1 00 pg/ml (Figures 2. I 6 and 2. 1 7) .  P lasma estradiol l evels 

were considerab ly  higher i n  long day birds (approximate ly  300 pg/ml) ,  although the 

d ifference between short day and long day controls was not s i gn i ficant in experiment I 
(see Tab le  2 . 1 6  for statistics). None of the PMSG treated groups had plasma estrad iol 

leve l s  that were s ignificantly h igher than birds held on long days (see Tables 2. 1 6  and 

2 . 1 7  for statist ics) , al though there was considerable variation in p lasma estradiol 

concen trat ions between birds in the treated groups (see Figures 2 . 1 6A and 2 . 1 7  A) . 

Estradiol  concentrations could not be measured in  20% of the PMSG treated birds 

because of h igh l ipid levels in those samples. The highest estradiol concentrations i n  

treated birds were two to three times greater than i n  long day b i rds .  

Table 2. 1 6. Summary of one-way ANOVA and Bonferron i ' s  posthoc tests comparing 

p lasma estradiol concentration between groups in  experiment 1 .  

AN OVA F df p 

Al l  groups 5 .202 4, 23 0.004 

Bonfenonj 's posthoc tests p 

Short day vs long day 0.346 

S hort day vs PMSG 0 .0 1 0  

S hort day v s  PMSG + 3 days heG 0 .058 

Short day vs PMSG + 4 days hCG 0.009 

Long day vs PMSG 0 .888 

Long d ay vs PMSG + 3 days heG 1 .000 

Long day vs PMSG + 4 days heG 1 .000 

PMSG vs PMSG + 3 days heG 1 .000 

PMSG vs PMSG + 4 days heG 1 .000 

PMSG + 3 days heG vs 
1 .000 PMSG + 4 days heG 
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Figure 2 . 18. Relationsh ips between p lasma estradiol concentrat ion and oviduct 
weight ,  ovary weight, c 10acal diameter and number of l arge yel low ovarian fol l ic les 
of  control b irds (untreated birds held on short days or long days) and birds treated 
wi th  PMSG by osmotic  pumps, 



Chapter 2 69 

Table 2. 1 7. Summary of Kruskal-Wal l i s  I10nparametric ANOVA and Mann-Whitney 

U tests comparing plasma estradiol concentration between groups i n  experiment 2. 

Kruskal-Wallis 

A l l  groups 

Mann- Whitney U tests 

S hort day vs long day 

Short day vs PMSG + glycoprotein 

Long day vs PMSG + glycoprotein 

K-W statistic 

7 . 830 

df 

2 

p 

0.020 

p 

0.0 1 0  

0 .046 

0. 1 50 

The relationships between plasma estradio l  concentrations and ov iduct weight, ovary 

weight, c loacal diameter and the I1umber of l arge yel low fol l i cl es were analysed using 

l i near regression (Figure 2 . 1 8) .  There were significant corre lat ions between plasma 

estradiol concentration and each of the variables l isted above i n  control b irds (see Table 

2 . 1 8  for statistics), with the h ighest correlation being the rel ationship between plasma 

estradiol and ovary weight. There were s ign ificant corre lat ions between plasma 

estradiol concentration and both ovary weight and number of yel low ovarian fol l i cles in 

PMSG treated birds .  There was no significant correlation between p lasma estradiol and 

oviduct weight or c10acal diameter i n  PMSG treated birds. 

Table 2.1 8. Summary of l i near regression relati onships between p lasma estradiol 

concentration and l og oviduct weight, log ovary weight, c loacal d iameter and number of 

l arge yel low ovarian fol l ic les CL YF) in experiments 1 and 2. 

Control PMSG treated 

Linear regression 2 
p r2 

p r 

Oviduct weight 0.4 1 24 0.0003 0 . 1 492 0.0687 

Ovary weight 0.46 1 0  <0.000 1 0 .37 1 2  0.0020 

Cloacal diameter 0.4533 0.000 1 0 .0793 0.2044 

Number of LYF 0.23 1 6  0.0 1 1 0  0 .7205 <0.000 1 
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Figure 2 . 19. Indiv idual  p lasma PMSG concentrations (A) and mean p lasma 
PMS G  concentration (B) for birds on short days, long days, and short days p lus  
treatment  w i th 40 ru PMSG dai l y  for one week fol lowed by 1 60 ru PMSG dai l y  
for t w o  weeks admin istered b y  osmotic pump (experiment 1 ) . Two groups also 
received i njections of hCG for three or fou r  days. 
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2. 3.2.5 Plasma PMSG 

S hort day and long day bi rds did not have any PMSG present in the p lasma. Al l  of the 

treated birds had measurable amounts of PMSG in the p lasma, al though the 

concentrations of p lasma PMSG varied considerably between birds (Figure 2 . 1 9  shows 

data from experiment I only) .  Two bi rds with exceptional l y  high levels of PMSG (>30 

un i ts/m] )  have been excluded from the graphs and the anal yses. There were no 

s ign i ficant di fferences i n  p lasma PMSG level s  between PMSG treated groups in 

experiment 1 (see Tables 2 . 1 9  for statistics) .  

Table 2.19.  Summary of Kruskal-Wal l is nonparametric ANOVA and Man n-Wh itney 

U tests comparing p l asma PMSG concentration between groups i n  experiment 1 .  

Kruskal-Wallis K-W statistic df p 

Al l  groups 24.925 4 0.000 

Mann-Whitney U tests p 

S hort day vs long day 1 .000 

S hort day vs PMSG 0.003 

Short day vs PMSG + 3 days heG 0.00 1 

S hort day vs PMSG + 4 days heG 0.002 

Long day vs PMSG 0.003 

Long day vs PMSG + 3 days heG 0.00 1  

Long day v s  PMSG + 4 days heG 0.002 

PMS G  vs PMSG + 3 days hCG 0.460 

PMS G vs PMSG + 4 days hCG 0 . 1 22 

PMSG + 3 days heG vs 
0.259 PMSG + 4 days heG 
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Figure 2.20. Relationships between p lasma PMSG concentration and oviduct 
weight, ovary weight, c10acal diameter, number of l arge yel low ovarian fol l icles 
and p l asma estradioI concentration of control birds (untreated birds held on short 
days or long  days) and birds treated wi th PMSG by osmotic pumps. 
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The rel at ionships between plasma PMSG concentration and oviduct weight, ovary 

weight, c loacal diameter, number of l arge yel low ovarian fol l ic les,  and p lasma estradiol 

concentrat ion were analysed using l inear regression (Figure 2.20).  There was a 

s ignificant relationship between plasma PMSG and oviduct weight, although the r2 

value was low (see Table 2.20 for statist ics) . There was no relat ionsh ip  between p lasma 

PMSG and any of the other variables l i sted above. 

Table 2.20. Summary of l i near regression relationship between plasma PMSG 

concentration and log oviduct weight ,  log ovary weight, c loacal d iameter, number of 

l arge yel l ow ovarian fol l icles (L YF) and plasma estradiol concentrat ion in experiments 

I and 2. 

Linear regression 

Oviduct weight 

Ovary weight 

Cloacal diameter 

Number of L YF 

Plasma estradiol 

2.4 Discussion 

r2 p 

0.2576 0.0224 

0.063 1 0.2854 

0.0890 0.2 1 47 

0.024 1 0 .5 1 37 

0.066 1 0. 3748 

Treatment  with PMSG stimulated oviductal and ovarian development in Japanese quai l 

and i nduced egg l aying in one bird. This has been achieved previous ly in  Japanese 

quai l CWakabayashi  et al., 1 996), but PMSG had not been used to st imulate ovarian 

development in the New Zealand strain of Japanese quai l .  A lthough ovarian and 

fol l icu l ar growth did occur, there was considerable variation between b i rds receiv ing the 

same dose of PMSG.  In many of the t reated birds ovarian growth was excessive, with 
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several ovaries growing to a weight five t imes greater than would be expected in a 

normal l ay ing bird. Indiv idual fol l ic les did not grow any l arger than wou ld  be expected 

in an untreated l ay ing bird, indicating normal functioning of the factors contro l l ing 

max imal fol l icular growth . One bird d id produce three eggs, and al l three eggs were 

fert i le .  

In the bi rds in which fol l i cu lar development occurred in response to PMSG, many 

ovaries contained numerous large yel l ow fol l ic les of  a simi lar size and m aturity. PMSG 

treatment often appeared to lead to a breakdown of the mechanisms control l ing the 

entry of fol l icles i nto the rapid growth phase and of maintenance of the fol l icular 

hierarchy.  Several authors have reported a breakdown in the foll icu lar h ierarchy i n  

response to PMSG i n  chickens (Imai e t  al. , 1 972; Palmer and Bahr, 1 992 ;  Hocking and 

McCormack, 1 995) ,  turkeys (Zadworny and Etches, 1 988) and Japanese quail 

(Wakabayashi et al. ,  1 996). Treatment with pitui tary extracts of avian or mammalian 

orig in  has also led to overstimulation of fol l icular development, to vary ing  degrees, i n  

chickens (Das and Nalbandov, 1 955 ;  Ope I and Nalbandov, 1 96 1 a; M i tche l l ,  1 967a; 

1 967b; Imai , 1 972 ;  Wakabayash i  et al., 1 992). A hierarchy of fol l ic les has developed 

and been maintained in response to exogenous gonadotropins  on some occasions i n  a 

few b irds, but the res u l t  was not consistent among al l  birds rece i v i n g  the same treatment 

(Opel and Nalbandov , 1 96 1 a; Mi tchel l ,  1 967a; 1 967b, Petitte and Etches, 1 989) .  Some 

authors have attributed breakdown of the fol l icu lar hierarchy to h igh doses of PMSG 

CWakabayash i  et al. ,  1 996) or pitui tary extracts (Mitchel l ,  ] 967a) , and this may have 

caused overstimu l ation of fol l icu lar development in the curren t  experiments. 

Wakabayashi et al. ( 1 996) implanted osmotic pumps into Japanese quail that del ivered 

40 to 1 60 ru PMSG per day for 3 weeks. A lthough overstimulation of fol l i cu lar growth 

was reported by Wakabayashi and col l eagues, s imi lar doses of PMSG w here chosen for 

the experiments described in this chapter because the body weight of the New Zealand 

strain of Japanese quai l  i s  almost twice that of the quai l bred in Japan . 

Taber et al. ( 1 958) and Mitche l l  ( 1 967a; 1 967b) reported ovulation i n  chickens treated 

wi th chicken pitu i tary extract to stimul ate ovarian development, but there have been no 

reports of egg l aying or ovulation i n  chickens treated with PMSG. Zadworny and 

Etches ( 1 988) induced ovul ation in out-of- Iay turkeys treated with PMS G .  Induction of 

egg l ay ing in  Japanese quai l treated with PMSG to stimulate ovarian development has 
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been ach ieved with hCG, chicken pitui tary glycoprote in  or PMSG (Wakabayashi et al., 
1 996) . Approximately  6% of birds i nduced to ovulate with PMSG lai d  eggs, 1 4% of 

b i rds treated with PMSG and hCG la id eggs, and 38% of b i rds l ai d  eggs in response to 

treatment w ith pitui tary glycoprotein . Al l  of the eggs hatched and were raised through 

to maturi ty .  The results from the current experiment are s imi lar. Although onl y  one 

b i rd l ai d  eggs in response to gl ycoprotei n  i nject ions,  this was 1 2% of the total number 

of birds treated. Two birds ovulated in response to hCG treatment, approx imate ly 1 0% 

of the total number treated with hCG. 

Very few birds ovul ated in response to hCG or a glycoprote in  extract, a l though ovarian 

fol l ic les of F 1  s ize had developed i n  several birds. Ovulation has been i nduced 

previous ly  in untreated l ay ing birds us ing exogenous hormones such as progesterone 

(Sekiguch i  and Imai , 1 987;  Onagbesan and Peddie, 1 988 ;  Nakada et al. ,  1 994) , ovine 

and porc i ne LH (Fraps and Ri ley, 1 942; Fraps et al. , 1 942a; 1 942b; Hosoda et al. , 1 956; 

Kamiyoshi and Tanaka, 1 972; Sekiguchi and Imai , 1 987;  Onagbesan and Peddie ,  1 988) ,  

ovine and porc ine LHRH (van Tienhoven and Schal ly ,  1 972; Reeves et al. ,  1 973 ;  

Johnson et  al. ,  1 984b; Sekiguchi and Imai , 1 987; Onagbesan and Peddie, 1 988 ) ,  porc i ne 

ACTH (Etches et al. ,  1 982 ;  Etches and Croze, 1 983) ,  cort icosterone (Etches and Croze, 

1 983 )  and even PMSG (Fraps et al.,  1 942a) . Successfu l  ovu lation in b i rds in which 

ovarian growth was stimulated with exogenous hormones has been ach i eved rare ly  

(Wakabayashi et al. ,  1 992 ; 1 996) .  B i rds treated wi th PMSG or  glycoprotei n  extracts to 

stimulate ovarian development have la id spontaneous ly  w ithout treatment wi th  another 

hormone to i nduce ovulation (Wakabayashi et al., 1 996). The birds that ovul ated and 

oviposi ted in the experiments described in this chapter may have ovulated regardless of 

whether or not they were treated with hCG or glycoprote in .  PMSG stimu lates ovarian 

and fol l icu lar development and presumably i n it iates some of the normal steroid 

pathways that i nfluence ovulation and oviposition i n  untreated l aying b i rds .  Treatment 

w i th PMSG alone might be as effect ive as PMSG plus other hormones for st imu lat ing 

ovarian growth and i nducing ovu lat ion in Japanese quai l .  

The ov iducts of PMSG treated birds appeared morphological l y  s imi l ar t o  those of 

un treated laying b i rds. The eggs that were laid were complete ly  shel led and normal l y  

p igmented. Histological examination of oviductal t issue showed that there were no 

d ifferences in cell appearance, size or numbers between treated and untreated b i rds (J .  
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Girl ing, unpubl i shed data) . This i s  consistent with the results from other experiments 

( Imai et aI., 1 972; Zadworny and Etches, 1 988 ;  Wakabayashi et al. , 1 996) .  However, 

approximately  half of the fol l ic les that ovul ated were found in the body cavity on 

di ssection .  This phenomenon was also noted by Fraps and Ri 1ey ( 1 942) in chickens 

treated with PMSG, but occurs rare ly  in untreated l aying quai l (unpubl i shed 

observations) . The fact that such a large proportion of the ovu lated fol l i c les fai led to 

enter the oviduct suggests complete or partial fai l ure  of the infundibulum to recei ve the 

newly  ovulated ovum. This cou ld  be to l arge number of yolky  ovarian fol l ic les 

present i n  some PMSG treated birds . The infundibulum may be unab le  to "catch" al l of 

the ovu lated fol l ic les from such a l arge ovary. 

The rat io of LH to FSH activity present i n  pitui tary extracts or PMSG may not be 

suffic ient ly s imi lar to the ratio that occurs natural ly in the bird durin g  reproductive 

acti v i ty .  The concentration of FSH in  the p lasma of domestic chickens is 1 3  to 50 t imes 

greater than that of LH dur i ng the ovulatory cycle (Scanes et al. , 1 977) .  However, the 

production of, and responses to LH and FSH change during the reproductive cyc le  and 

are therefore d ifficult  to determine and mimic accurately. Imai ( 1 972) treated chickens 

receiv ing a pi tui tary inhib i tor with various combinations of ovine LH and FSH,  and 

found the most successfu l to be FSH :LH rat ios of 2: 1 or 1 :  I .  Lower rat ios of FSH :LH 

(e .g .  1 : 2 )  st imulated some oviductal growth, but ovary weights and fol l i cu lar 

development were s imi lar to that of sal i ne treated birds . The ratio of FSH : LH i n  the 

plasma and the biological activi ty of the gonadotropins are not often measured when 

PMSG or pitui tary extracts are used to stimulate reproduction. Stewart et al. ( 1 976) 

used a rat radioreceptor assay to measure the ratio of FSH:LH act iv i ty in numerous 

preparations of PMSG and found the ratio to vary between 0.87 and 1 .30.  The 

biological acti vities of LH and FSH in the PMSG preparation used i n  the experiments 

described in this chapter were not known .  

The FSH binding s i tes i n  the testis of  Japanese quai l  are s imi lar to those i n  mammali an 

test is i n  that they show h igh affinity, low capacity, are saturable, and have a low affin i ty 

for LH- l i ke hormones (Licht and Midgley, 1 976a; Ish i i  and Adach i ,  1 977 ;  GOI'don et 

al. ,  1 989) .  Radioiodinated human FSH and rat FSH are able to bind to the testis of the 

Japanese quai l (Ish i i  and Adach i ,  1 977 ;  Tsutsui and Ish i i ,  1 978) ,  ch icken (Licht and 

Midgley ,  1 976a) and mal lard duck (Licht and Midgley, 1 976a) . These results i ndicate 
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that the biological characteristics of the avian FSH receptor, and presumably  the LH 

receptor, are s imi lar to those of the mammal ian gonadotropi n  receptors . The binding 

affi n i ty of PMSG to avian FSH and LH receptors is  unknown. However, equine FSH 

exhibi ts a binding affin i ty to chicken and rat FSH receptors at  least one order of 

magn itude greater than human or porcine FSH (Gordon et al. , 1 989). The degree of 

specific binding to ch icken FSH receptors in the absence of any compet ing  un label led 

FS H was greater for eFSH ( 1 4%) than for porc ine FSH (9%). 

Many of the gonadotropin preparations that have been used to stimu late ovarIan 

development in birds, particu larly crude pitui tary extracts, were not pure p reparations of 

LH and FSH. Thyroid stimulating hormone (TSH) has been identified i n  numerous 

pitui tary extracts (Taber, 1 958;  Opel and Nalbandov, 1 96 1 a; M i tchel l ,  1 970; 

Wakabayashi et al . ,  1 992). ACTH was also found in partiall y  purified extracts used by 

Taber ( 1 958)  and Opel and Nalbandov ( 1 96 1  a) . These hormones may h inder  normal 

ovarian development, but it is more l i ke ly  that additional hormones are required in  

conj unction with LH and  FSH to induce normal fol l i cu lar growth . The left adrenal 

gland is embedded in the ovary, suggesti ng some influence on ovarian function, and 

adrenal hormones such as corticosterone can induce ovulation in hens 

(Etches et al. ,  1 982 ;  Etches and Croze, 1 983) .  ACTH and TSH may be involved in 

contro l l i ng  yolk deposition into developing fol l icles (Opel and Nalbandov, 1 96 1 a) .  

This might  explain why normal hierarchies developed i n  some birds treated with crude 

extracts of avian and mammal ian gonadotropins .  It is possible that other hormones, 

such as estradiol ,  progesterone, or growth factors, are required in addit ion to PMSG for 

normal development and maintenance of fol l icular h ierarchies. 

A lthough excessive fol l icular development occurred in  many of the PMS G  treated birds, 

several birds showed l i tt le or no response to PMSG, and did not deve lop any yel low 

fol l ic les .  PMSG acts on the ovary in  a s imi lar way to LH and FSH, but the high doses 

of PMSG used in this experiment may be interfering w ith the regul ar st imulatory and 

inh ibi tory feedback loops that normal ly  occur i n  response to endogenous plasma LH 

concentrations. However, plasma estradiol concentrations are high i n  birds with 

excessive fol l icular development, indicat ing relat ively normal production of estradiol by 

l arge yel low fol l ic les .  There was al so no relationship between plasma PMSG and ovary 

weight, as wou ld be expected if high doses of PMSG were affecting normal feedback 
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control mechani sms. Petitte and Etches ( 1 989) showed that l arge yel l ow fol l ic les did 

not deve lop on the ovaries of birds treated with corticosterone and PMSG. B i rds that 

showed l i tt le or no s ign of ovarian development i n  response to PMSG may have had 

i ncreased p lasma corticosterone l evels .  An i ncrease i n  corticosterone production may 

have occurred i n  response to regular handl ing or cold temperatures. This ,  i n  turn ,  coul d  

have resul ted i n  the fai lure of the reproductive system to respond to exogenous 

gonadotropins .  

Plasma estradiol  concentrations i n  a l l  short day and long  day birds were wi th i n  the 

range normal l y  expected in female Japanese quai l (Doi et al., 1 980; Gulati et al., 1 98 1 ) .  

Plasma estradiol has not previously been measured i n  PMSG treated Japanese quai l ,  but 

has been measured in PMSG treated chickens (Peti tte and Etches, 1 989) and turkeys 

(Zadworny and Etches, 1 988) .  Zadworny and Etches ( 1 988) treated i ncubat ing and out­

of- lay turkeys every two days with i nj ections of PMSG, and found that p lasma estradiol 

concentrations i ncreased significantly in response to h igh doses. In normal lay ing  birds, 

i t  i s  the F2-F5 fol l ic les that produce estradiol , so i t  is not surpris ing that there is a 

posi t ive l inear relationship between p lasma estradiol and the numbers of l arge yel low 

fol l i cles present on the ovary. In PMSG treated b irds, there are often many more l arge 

yel low fol l icles than wou ld be found i n  the fol l icular h ierarchy of an untreated l ay ing 

bird, l eading to i ncreased production of estradiol . There were also posit ive rel at ionships 

between p lasma estradiol  and oviduct weight, ovary weight and cloacal d iameter. 

In previous experiments, PMSG was usual l y  admin istered to birds v ia dai l y  i njections. 

Osmotic pumps have been used rarel y  to del i ver PMSG, with the only publ ished 

example being Wakabayashi et al. ( 1 996). The ovaries of many birds d id  develop l arge 

yel low fol l ic les, indicat ing that the pumps were rel easing PMSG. There was, however, 

considerab le  variation in ovarian weight and the number of yel low ovarian fol l ic les 

between b i rds receiving the same dose of PMSG. Although the del ivery rate of the 

osmotic  pump is fixed, and pumps were empty at the time of dissection, it was difficult 

to determi ne whether or not al l  pumps del i vered at the same rate for the durat ion of the 

experiment. The s i te of implantation and the posit ion i ng of the pump were chosen to 

m in imize di scomfort to the b ird, and had been successful i n  previous experiments 

(Wakabayash i et ai. , 1 996). However, implan tation beside the i nner thigh may not have 

been the most ideal position for regular funct ioning of osmotic pumps.  The fate of 
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PMSG once i t  l eaves the pump is unknown, but presumably i t  is transported i nto the 

b lood stream and eventual ly carried to the ovary. However, p lasma PMSG 

concentrations were highly variable between b i rds, suggesting potenti al variation i n  

del i very rate between pumps, or fai l ure of some o r  al l of the PMS G  to enter the 

c ircu latory system. There may have also been a change in the metabol i sm of PMSG, or 

a change in the production of antibodies again st PMSG. Witschi  and lohnson ( 1 960) 

found antibodies for PMSG present i n  Weaver fi nches after several i njections, but this 

did not affect the physiological respons iveness to PMSG. The use of osmotic pumps for 

del i very of gonadotropins  i s  practical and convenient, but may not be the best option . 

Several external characteristics were measured throughout the experiments as an 

indication of the stage of development of the reproductive tract. Cloacal opening 

d iameter proved to be a good external i ndicator of oviductal growth , and to a l esser 

extent, ovarian development. Measur ing the cloacal opening d iameter is quick and 

si mple, and provides useful information about the development of the reproductive 

tract, but i s  not usefu l  for determining the number and size of yel low ovarian fol l ic les 

present .  An i ncrease i n  the size of the oviduct and ovary would l ead to an increase i n  

body weight, and therefore body weight was recorded regul arly. However, b i rds were 

sti l l  maturing, and some of the increase in weight was due to i ncrease i n  body s ize and 

deposit ion of fat stores. There was also considerable variation in body weight between 

birds with in  the same treatment group, so body weight was not a particularly usefu l  

i ndicator of  reproductive tract development. 

The use of u l trasound to examine the avi an ovary has been used rare ly  as a d iagnostic 

tool as the extensive air sac system found in b i rd' s l imits u l trasound penetration 

(Hi ldebrandt et al. , 1 998) .  Subcutaneous fat and feather fol l ic les can also i nterfere with 

ul trasound waves. H i ldebrandt et al. ,  ( 1 994; 1 995; 1 996) used trans intestinal and 

transcloacal u l trasound methods invol v ing h igh-resolution, min iaturised probes to 

examlI1e the avian reproductive tract in chickens, penguins and several species of 

raptors . Al though this work concentrated on visual ization of the oviduct for sex 

identificat ion,  ovarian fol l ic les could also be seen . However, there are no publ i shed 

data in which numbers or diameters of avian ovarian fol l icles have been measured us ing 

u l trasound.  U l trasound was a very usefu l  tool for examining fol l ic le  s izes and numbers 

i n  PMSG treated Japanese quai l in the current  experiments. Ident ifi cation of large 
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yel low fol l ic les greater than 1 5  mm in  diameter enabled selection of birds sui tab le  for 

induction of ovulation . Other papers have reported instances where birds were treated 

wi th hormones to induce ovu lation , but on dissection it was noted that the ovary 

contained no yel low fol l ic les of F 1 size. Measuring fol l icles using u l trasound 

e l im inates unnecessary wastage of hormones on birds that are not ready to ovulate . 

A l though PMSG was able to stimulate development of the reproductive tract i n  

J apanese quai l ,  and a few birds could be induced t o  ovulate, treatment w ith PMSG 

needs extensive refinement before being used in endangered or threatened avi an species .  

A ttempting to minimise overstimulation of fol l icular development wi l l  be the main 

focus of future experiments, and may be achieved by using lower doses of PMSG. 

A lternative methods for del i vering known concentrations of PMSG to Japanese quai l  

should a lso be i nvestigated and compared. 
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3 Effect of one, two or three weeks of PMSG 

treatment on ovarian development, and comparison 

of delivery by osmotic pumps and daily injections 

3 . 1  Introduction 

Exogenous gonadotropins have been used previously to stimulate development of the 

reproductive system in  Japanese quai l .  However, considerable over-stimulat ion of 

fol I i cu l ar development occurred when l arge doses of PMSG were used to stimu late ovarian 

growth (Wakabayashi  et al. , 1 996; Bennett et al . ,  unpubli shed observations,  see previous 

chapter) . Numerous l arge yel low fol l ic les developed on the ovaries of many of the PMSG 

treated b irds, and these were not arranged in  a h ierarchy. In previous experiments, b irds 

were treated with ei ther heG or a glycoprotein  extract from chicken pituitaries to i nduce 

ovul ation . Very few of the treated birds ovu lated, despite the ovaries of several birds 

conta in ing fol l ic les of FJ s ize. The current set of experiments focused on st imulating  

normal ovarian growth using various doses of  PMSG (5  to  80 IU) over a one, two or  three 

week period, without attempting to induce ovu lation . 

Recent ly ,  PMSG has been admin istered to birds usmg smal l osmotic pumps for the 

continuous del ivery of hormones (Wakabayashi et al., 1 992; 1 996) .  Osmotic  pumps 

involve i n i t ial m inor surgery for implantation, and continue to del i ver a specific dose for a 

control led period of t ime. B i rds have a lso been treated with PMSG using injections (Opel 

and Nalbandov, 1 96 1 a; Imai et al. , 1 972 ;  Zadworny and Etches, 1 988 ;  Peti tte and Etches, 

1 989) .  Administration of PMSG using dai l y  i njections is a considerabl y  less invasive 

procedure than the implantation of osmotic pumps, al though regular capture and handl ing 

of the birds i s  required. Un l ike osmotic  pumps, i njections al low the dose of hormone and 

t iming of treatment to be eas i ly  varied from day to day if necessary. 
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The first experiment in a set of three compared the ovarian responses of birds given PMSG 

via dai ly  injections or v ia osmotic pumps. The effectiveness of dai l y  injections compared 

with osmotic pumps has not previously been examined in a s ingle experiment. Two further 

experiments examined the ovarian response to dai l y  PMSG treatment over a two or three 

week period. Data from previous experiments were used to choose PMSG doses w ith the 

aim of stimulat ing a pattern of ovarian growth s imi lar to that which occurs in response to 

normal stimulatory photoperiod conditions. 

3.2 Materials and Methods 

3.2.1 Animals 

Quai l (n=26 1 )  were purchased at three weeks of age from our normal suppl ier, Rangit ikei 

Game Farm. Before the start of experiments, b irds were housed under a short day 

photoperiod at I OoC as described in Chapter 2. 

3.2.2 Hormone Preparation and Administration 

Pregnant mare serum gonadotropin  (PMSG; Teikoku Zoki ,  Tokyo, Japan) was kindly 

donated by Professor Susumu Ishi i ,  Waseda Un iversity, Tokyo. 

PMSG was di ssol ved in sal ine and administered us ing either Alzet mini -osmotic pumps, 

model 200 1 ,  or by dai l y  injections. The model 200 1 pump has a del ivery rate of l .0 

/-ll /hour, and del ivers hormone continuously for one week. The pumps were loaded with 

solutions of PMSG so that 0, 5 ,  1 0, 20, 40 or 80 ru of PMSG would  be del i vered dai l y  to 

the bird .  The pumps were implanted subcutaneous ly on the underside of the body beside 

the thigh as described i n  Chapter 2. Dai l y  i njections were administered subcutaneously i n  
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the abdomen using a a,s  ml insu l in syringe and a 27 gauge, Y2 inch needle, Each bird 

recei ved a volume of 200 !ll of solution per i njection, contain ing 0, 5 ,  1 0, 20, 40 or 80 ill 

PMSG,  

3.2.3 Experimental Design 

3.2.3. 1 Experiment 1 

At s ix  weeks of age, 1 05 female Japanese quail were divided i nto 1 5  groups (n=7 b irds per 

group)  and treated for seven days as shown in Table  3 , 1 .  

Table 3.1 .  Experimental groups for experiment I ,  

G roup Photoperiod Dose of Delivery method 

number PMSG/day 

Euthanased at start of experiment 

2 Short day None None 

3 Long day None None 

4 Short day O lU Injection 

5 Short day O lU Pump 
6 Short day S lU Pump 
7 Short day l a  lU Pump 
8 Short day 20 lU Pump 
9 Short day 40 IU Pump 
1 0  Short day 80 lU Pump 
I I  Short day S lU Injection 

1 2  Short day 1 0 lU Injection 

1 3  Short day 20 lU Injection 

1 4  Short day 40 IU Injection 

1 5  Short day 80 lU Injection 
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3.2.3.2 Experiment 2 

Seventy-eight, s i x  week old female Japanese quail were divided into 1 2  groups (n=6 b irds 

per control group ,  n=7 birds per treatment group) and treated for 1 4  days as shown in Table 

3 .2 .  

Table 3.2. Experimental groups for experiment 2 .  

G roup Photoperiod Dose of Dose of PMSG/day 

number PMSG/day (week 2) 

(week 1) 

Euthanased at start of experiment 

2 Short day None None 

3 Long day None 

4 Long day None None 

5 Long day (7 days) then short day (7 None None 

days) 

6 Short day O IU O IU 

7 Short day l O IU 

8 Short day l O IU O IU 

9 Short day l O IU S IU 

1 0  Short day I O IU I O ru 

I I  Short day l O IU 20 IU 

1 2  Short day l O IU 40 IU 

3.2.3.3 Experiment 3 

At s ix  weeks of age, seventy-eight female quail were divided into 1 3  groups (n=6 b irds per 

group) and treated for 2 1  days as shown in Table 3 . 3 .  



Chapter 3 83  

Table 3.3. Experimental groups for experiment 3 .  

Group Photoperiod Dose of Dose of Dose of 

number PMSG/day PMSG/day PMSG/day 

(week 1)  (week 2) (week 3) 

Euthanased at start of 

experiment 

2 Short day None None None 

3 Long day None 

4 Long day None None 

5 Long day None None None 

6 Short day O IU O IU o m  

7 S hort day l O IU 

8 S hort day 1 0  IU 20 IU 

9 S hort day l O IU 20 m O IU 

1 0  S hort day 1 0 IU 20 IU 5 IU 

1 1 Short day l O IU 20 m l O IU 

1 2  Short day 1 0 IU 20 IU 20 m 

1 3  S hort day 1 0 IU 20 IU 40 IU 

For each experiment, group one was euthanased at the start of the treatment period to 

determine the size of the ovary and oviduct prior to treatment, and group two remained on 

short days, received no treatment, and was euthanased at the end of the experiment. Long 

day con trol groups were transferred to a 1 6L :8D photoperiod at 20cC on the same day as 

the other treatments began . In each experiment, the amount of oviductal and ovarian 

development st imulated by a long day photoperiod provided a target for the PMSG 

treatment to ach ieve. Sham treated groups were also inc luded in each experiment .  
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In experiment I ,  treated groups were held on short days and birds were given dai l y  

injections for one week of either 0 ,  5 ,  1 0, 20, 4 0  or 80 IU PMSG per i njection, or implanted 

subcutaneous l y  with an osmotic  pump del iveri ng  0, 5, 1 0, 20, 40 or 80 IU PMSG per day. 

The results from this experiment were used to determine PMSG doses and the del i very 

method that would be used for subsequent experiments. 

Experiments 2 and 3 examined the ovarian and oviductal response to dai l y  injections of 

PMSG over two- and three-week periods respectively .  In experiment 2 ,  all treated groups 

were held on short days and given 1 0  IU PMSG dai ly  for the first week, and were then 

given 0,  5 ,  1 0, 20 or 40 IU PMSG for the second week. Groups 3 and 7 were euthan ased 

on day 8 of the experiment to determine the amount  of ovarian and oviductal development 

after one week of a long day photoperiod or dai l y  PMSG treatment. Group 5 was 

transferred back to short days (8L: 1 6D) after one week under a stimulatory long day 

photoperiod. Th i s  group was compared with group 8 i n  which birds were treated with 1 0  

ill PMSG for the first week, and then received sal ine  i njections for the second week. 

The experimental design for experiment 3 was simi l ar to that of experiment 2, but covered 

a three-week treatment period. Control groups were simi l ar to those in experiment 2 

(Tables 3 . 2  and 3 .3 ) .  Groups treated with PMSG received dai l y  i njections contain i ng  1 0  ill 
PMSG for the first week, 20 ill PMSG for the second week, and varying doses i n  the third 

week. 

Regu l ar measurements (dai ly or every two days) of c10acal open ing diameter were made 

during each experiment as an i ndicator of development of the oviduct. Body weight  was 

also measured regu larly to ensure birds maintained a healthy weight. 

At the end of each experiment, birds were euthanased, and ovary and oviduct excised and 

weighed, and body weight and c10acal opening  diameter recorded. Ovaries were d iv ided 

in to five s ize c lasses (0.00-0. 1 5  g, 0. 1 6-0.50 g,  0.5 1 - 1 .00 g, 1 .0 1 -5 .00 g, and 5 .0 1 -9 .00 g) 

and the numbers and s izes of yel l ow fol l ic les present in each ovary were recorded .  The 

fol l icular distribution within each ovarian weight c lass was compared between contro l  and 
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treated groups. B l ood samples were taken and stored for radioimmunoassay of plasma 

estradiol and p lasma LH. 

All experimental procedures were approved by  the Massey Univers i ty Animal Ethics 

Committee. 

3.2.4 Radioimmunoassay of plasma estradiol 

Plasma samples were assayed for estradiol  us ing the method described i n  Chapter 2. 

Plasma samples from experiment 1 were assayed by Dr Jane Girl ing. The percentage 

recovery for estradio l  in quail p lasma for thi s  set of assays ranged from 9 1 .4% to 99.0%. 

The intra-assay coefficients of variation for estradiol  assays were 1 4.5%, 8.5% and 1 1 . 8% 

for h igh ,  medium and low quali ty controls respect ively (n=20) . The inter-assay coeffic ients 

of variation for the assays were 8.7%, 1 2.0% and 1 7 .9% for h igh ,  medium and low qual i ty 

contro ls  respectively (n= 1 2) .  

The least detectab le  dose of the assay was equival en t  to an estradiol concentration i n  quail 

p lasma of 73 . 1 pg/ml (n=3 assays). 

3.2.5 Radioimmunoassay of luteinising hormone 

Plasma LH was assayed in the Department of Biology, Waseda Univers i ty, Tokyo, Japan 

by Dr Motoshi Kikuchi  using their val idated radio immunoassay for LH i n  Japanese quai l  

(Hattori and Wakabayash i ,  1 979; Kikuchi and Ish i i ,  1 989). 
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Figure 3. 1 .  Chan ges i n  mean cJoacal diameter of female Japanese quai l he ld on 
short days,  long days,  and short days plus treatment with 0, 5 ,  1 0, 20,  40 or 80 ru 
PMSG for seven days by dai l y  injection (A) or osmotic pump (B) .  
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3.2.6 Statistics 

Al l  variables were tested for homogeneity of variance using Levene ' s  test. When variances 

were homogeneous across groups for a single variable, ANOV A fol lowed by l inear 

contrasts were used to analyse data. Linear contrasts were used rather than Bonferroni ' s  

posthoc tests due to the l arge number of comparisons. When variances were not 

homogeneous across groups, Kruskal -Wal l i s  non-parametric ANOVA fol lowed by Mann­

Wh i tney U tests were performed to determine differences between groups. One-way 

ANOV A or S tudent ' s  t-tests were used to analyse fol l i cu lar size frequency d istribution 

data. Repeated measures ANOVA was used to anal yse changes in c loacal diameter over 

t ime.  Relationships between variables were i nvestigated us ing l inear regression to calculate 

r2 values. 

ANOV As and non-parametric equi valents were carried out using Systat Version 8 .0 (SPSS 

Inc . ,  1 988) ,  and relationships between variables ( l inear regression) were analysed using 

GraphPad Prism Vers ion 3 .0 (GraphPad Software Inc . ,  1 999) . Data were transformed to 

l ogari thms where necessary. Data are presented as i ndiv idual points or as means ± S .E .  

3.3 Results 

3.3.1 ' Experiment 1 

3.3. 1. 1  Cloacal opening 

Cloacal opening diameter was not significantl y different between groups at the start of the 

treatment period (F I ) , 72=0.737,  p=0.72 1 ) . Cloacal diameter increased in female quail after 

seven days under a long day photoperiod at 20°C (Figures 3 . 1 ,  see Table 3 .4 for stat ist ics) .  

There were also i ncreases i n  the diameter of the c loacal opening in birds treated by dai l y  
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Figure 3.2. M ean c loacal diameter of female Japanese quai l  after seven days on 
short days, l on g  days, or short days plus treatment w ith 0, 5 ,  1 0, 20, 40 or 80 IU 
PMSG by osmotic pump or dai l y  i njection. 
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i njection with 1 0, 20, 40 or 80 TU PMSG, and i n  birds implanted with osmotic pumps 

del i veri ng 1 0, 20, 40 or 80 TU PMSG per day. There were no changes in the cloacal 

opening diameters of birds that received no treatment and remained under short days at 

1 0°C, birds that were treated with sham i njections or a sham pump, or birds receiving 5 TU 

PMSG by dai l y  i nject ions or osmotic pumps. 

Table 3.4. Summary of results of repeated measures ANOVA for changes I n  cloacal 

d iameter across days for each group in experiment I .  

Group F df p 

Long day 5 . 1 72 6, 36  0.00 1  

Short day 0.604 6, 30 0.725 

S ham injection 0 .76 1 6, 36 0.605 

Sham pump 1 .739 6, 1 2  0. 1 95 

5 IU pump 1 .725 6, 24 0. 1 58 

1 0  IU pump 2 .652 6, 30 0.035 

20 IU pump 9. 552 6, 24 0.000 

40 IU pump 2 1 .024 6, 1 8  0.000 

80 U pump 20.76 1 6, 24 0.000 

5 IU injection 1 .08 1 6, 36 0.392 

1 0  IU injection 3 .272 6, 36 0.0 1 1 

20 IU injection 9 .707 6, 36  0.000 

40 IU injection 1 9 .408 6, 36 0.000 

80 IU injection 1 2 .358 6, 36  0.000 

At the end of the experiment, there were signifi cant differences i n  c loacal opening diameter 

between groups (Figure 3 .2, see Table 3 . 5  for statistics) . Del ivery method had no effect on  

c loacal diameter. The c loacaJ opening  of  untreated b irds he ld  on  short days was no t  

s ign ificant ly  d i fferent from sham treated birds, but was significant ly  smal l er than birds 
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Figure 3.3. Mean oviduct weight of female Japanese quai l after seven days on short 
days, l ong  days, or short days p lus treatment with 0, 5, 1 0, 20, 40 or 80 IU PMSG by 
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Chapter 3 88 

transferred to long days. B i rds treated with 5 or 1 0  TU PMSG also had s ign i ficantly smal ler 

cloacal diameters than birds held on long days. Cloacal diameters of birds treated wi th the 

two highest doses, 40 and 80 IU PMSG, were significantly larger than birds kept on a long 

day photoperiod. Dai l y  treatment wi th 20 ill PMSG caused cloacaJ diameter to increase to 

a s imi lar s ize to that found in  long day birds. 

Table 3.5. Summary of one-way ANOV A and l i near contrasts comparing c loacal opening 

diameter and ovary weight between groups at the end of experiment 1 .  

Cloacal diameter Ovary weight 

ANOVA F df p F df P 

All  groups 1 1 .808 ] 4, 75 0.000 1 5 .724 1 4, 78  0.000 

Linear contrasts F df p F df p 

Al l  pumps vs All i njections 2 .643 ] , 75 0. ] 08 2 .352 1 , 78 0. 1 29 

Long day vs Short day 1 2 . 1 4 1  1 , 75 0.00 1 27 .5 1 0  1 , 78 0.000 

Short day vs Sham injection 0 .260 1 , 75 0.6 1 2  2. 1 85 1 , 78 0. 1 43 

Short day vs S ham pump 0.28 1 1 , 75 0.598 0.000 1 , 7 8  0.996 

Long day vs 5 IV 1 1 .968 1 , 75 0.00 1 8 .976 1 , 78 0.004 

Long day vs 1 0  IV 7 .295 1 , 75 0.009 2. 1 55 1 , 7 8 0. 1 46 

Long day vs 20 IV 1 .343 1 , 75 0.250 0.49 ] 1 , 78 0.486 

Long day vs 40 IV 38 .200 1 , 75 0.000 ] 6 . 345 1 , 78 0.000 

Long day vs 80 IV 1 3 .730 1 , 75 0.000 28 .484 1 , 78 0.000 

3.3. 1.2 Oviduct weight 

There were s ignificant differences in oviduct weight between groups at the time of 

d i ssection (Figure 3 . 3 ,  see Table 3 .6 for statist ics) .  There was no s ign i ficant difference i n  

oviduct weight between pump and injection treated groups. The oviduct weight of 
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Figure 3.4. Rel ationships between oviduct (A) or ovary weight (B) and c loacal 
d iameter of control b i rds (untreated birds held on short days or long days) and birds 
he ld  on short days receiv ing dai l y  treatment with 0 , 5 ,  1 0, 20, 40 or 80 ill PMSG by 
osmotic pump or dai l y  i njection .  
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untreated birds held on short days was not s ign ificant ly differen t  from sham pump treated 

birds, but was significant ly  smal ler  than long day birds. Although the mean oviduct weight 

of the sham injection group was si gnificant ly different to the short day control group, l ittle 

or no oviductal growth had occurred in al l birds in the sham treated group .  B i rds treated 

with 5 IU PMSG had significantl y smal ler oviducts than birds transferred to l ong days. 

Mean oviduct weight of birds treated with 80 IU PMSG was s ignificantly greater than the 

oviduct  weight of birds held on long days. B i rds treated dai l y  with 1 0, 20 or 40 IU PMSG 

h ad oviducts of a simi lar weight to those of birds held on long  days. Oviduct weight 

showed a posit ive correlation wi th c loacal diameter for both control and treated groups 

(Figure 3 .4A, see Table 3 .7 for s tatistics) . 

Table 3.6. Summary of Kruskal-WaI l i s  non-parametric ANOVA and Mann-Whitney U 

tests comparing oviduct weight and p lasma estradiol concentration between groups at the 

end of the experiment .  

Oviduct weight Plasma estradiol 

Kruskal-Wallis K-W df P K-W df P 

Al l groups 56.722 1 4  0.000 22.263 1 4  0 .073 

Mann-Whitney U tests M-W df p M-W df p 

All  pumps vs All injections 529.5 1 0 . 1 68 497 .0 1 0 . 1 7 1  

Long day v s  S hort day 60.0 1 0.003 4 1 .5 1 0. 1 07 

S h ort day vs S ham injection 1 2 .0 1 0 .039 3 3 . 5  1 0.449 

Short day vs S ham pump 5 . 0  1 0 . 1 1 6  1 3 .0 1 0 .8 1 3  

Long day vs 5 IU 79.5 1 0.00 1  66 .5  1 0.03 1 

Long day vs 1 0  IV 62.5 1 0. 1 7 8  6 3 . 5  1 0 . 1 40 

Long day vs 20 IV 40.0 1 0.866 44.5 1 0.586 

Long day vs 40 IU 1 8 .0 1 0.063 46.5 1 0.259 

Long day vs 80 IV 1 2 .0 1 0.0 1 1 39 .0  1 0.798 
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Table 3.7. Summary of l i near regression relationship between l og ovary weight and 

c loacal diameter, and between log oviduct weight and cIoacal diameter for al l control birds, 

and for each del i very method in experiment 1 .  

Oviduct weight Ovary weight 

Group r2 Slope p r2 Slope p 

Untreated control s  0.4 1 2 1 2.20 ± 0.47 <0. 000 1 0.3793 2 .85 ± 0.62 <0.000 1 

Pump treated 0.6572 2 .48 ± 0.39 <0.000 1 0.4339  4.64 ± 0.94 0.0003 

Injection treated 0.6 1 25 1 .93 ± 0.27 <0.000 1 0.67 1 0  5 .87  ± 0.72 <0.000 1 

3.3. 1.3 Ovary weight 

Some ovanan growth was stimulated by al l doses of PMSG, although seven days of 

treatment was i nsufficient for yel low fol l icles to develop. There were signi ficant 

differences in mean ovary weight between groups (Figure 3 .5 ,  see Table  3 . 5  for statistics) . 

Del ivery method had no  effect on ovary weight. The ovary weight  of untreated birds kept 

under a short day photoperiod was not s ign i ficant ly differen t  from sham treated birds, but 

was significant ly smal l er than long day birds. B i rds treated wi th 5 TU PMSG also had 

s ignificant ly smaller ovaries than birds held on l ong days. Mean ovary weight of birds 

treated with 40 or 80 ID PMSG was significantly greater than the ovary weight of birds 

transferred to long days. Dai l y  treatment with 1 0  or 20 TU PMSG led to an i ncrease i n  

ovarian weight s imi l ar t o  that found in  birds held on  long days . Ovarian weight showed a 

positive correlation w ith c loacal diameter for both control and treated groups (Figure 3 .4B , 

see Table  3 . 7  for statist ics) .  
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3.3. 1 .4 Plasma estradiol 

There were no s ignificant differences in p lasma estradiol concentrations between groups at 

the end of the experiment (Figure 3 .6, see Table 3 . 6  for statistics) . Neither del ivery method 

or dose affected p lasma estradiol concentration, w i th only the 5 ID PMSG group h aving 

s ignificant ly lower l evels of p lasma estradiol than l ong day b irds. There was no s ignificant 

correl ation between p l asma estradiol concentration and ovary or oviduct weight (data not 

shown) .  These resul ts may be have been influenced by the relatively h igh least detectable 

dose for the estradio l  assays. 

3.3.2 Experiment 2 

3.3.2. 1 Cloacal opening 

At the start of the treatment period, cloacal opening diameter did not differ s ignifi cantly 

between groups (FI O, 6 1 =0.826,  p=O . 606, Figure 3 .7) .  The cloacal opening of b irds that 

remained on short days and received no treatment did not change over two weeks (see 

Table 3 . 8  for stat ist ics) .  B i rds receiving sal i ne i njections for two weeks or dai l y  i njections 

of 1 0  ill PMSG for one week also showed no s ignificant i ncrease in c loacal diameter. 

There was a s ign ificant i ncrease in cloacal diameter of birds that were transferred to long 

days for one week or two weeks, and i n  birds he ld under long days for one week and then 

transferred back to short days for one week. B i rds that recei ved daily  i njections of 1 0  ID 

PMSG for one week, fol lowed by sal ine i njections for one week showed a signi ficant 

change in c loacal opening diameter, although the change was relatively smal l compared to 

other groups. A l l  groups treated dai l y  wi th PMSG for two weeks showed a significant 

change in mean cloacal diameter durin g  the treatment period. The change in c loacal 

open ing  diameter was most marked in groups treated with 20 IU or 40 ill PMSG in the 

second week of treatment. The cloacal opening  i n  both of these groups had increased to a 

s imi lar diameter to the c loacal opening of birds heid on long days. 
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IU P M S G  for the second week. 



Chapter 3 92 

Table 3.8. Summary of results of repeated measures ANOV A for changes In cIoacal 

diameter across days for each group in experiment 2 .  

G roup F df P 

S hort day 1 .766 1 2, 60 0.075 

Long day ( I  week) 1 6 .7 1 3  6, 24 0.000 

Long day (2 weeks) 24.957 1 2, 60 0.000 

Long day to short day 8 .2 1 6  1 2, 60 0.000 

S ham injection 1 . 5 1 9  1 2, 60 0. 1 42 

1 0  IU ( I  week) 1 .936 6, 36 0. 1 0 1  

1 0  IU/O IU PMSG 1 .93 1 1 2, 72 0.044 

1 0  IU/5 IU PMSG 2.299 1 2, 72 0.0 1 5  

1 0  IU/ I O  IU PMSG 2.046 1 2, 72 0.032 

1 0  IU/20 IU PMSG 30.453 1 2, 72 0.000 

1 0  IU/40 IU PMSG 33 .300 1 2, 72 0.000 

At the end of the treatment period, there were significant differences in c10acal opening  

diameter between groups (Figure 3 .8 ,  see Table 3 .9 for statistics). The c10acal openi ng  of  

birds held on  short days for two weeks was s ignificantl y smal ler than that of  birds he ld on 

long days for the same period. B i rds that received dai ly sal i ne i njections had a mean 

cloacal open ing diameter that was not significant ly different from short day controls .  One 

week of dai l y  treatment with 1 0  TU PMSG led to a s ignificant increase i n  c 10acal diameter 

compared to short day controls .  However, the mean cIoacal diameter of b irds treated for 

one week was s ignificant ly smal ler than that of b i rds held on long days for one week. The 

mean cloacal opening of b irds that received 1 0  TU PMS G  for one week fol lowed by sal i ne 

i njections for one week was not s ignificantly different  from short day controls,  but was 

s ignificant ly smal ler than that of birds held on long days for one week and then transferred 

to short days for one week. Treatment with 1 0  TU PMSG for one week fol lowed by 5 TU 

for one week was insufficient to increase c Ioacal diameter, as the mean was not 

s ignificant ly d ifferent  from that of short day controls .  The c10acal opening of bi rds treated 
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with 1 0  ill PMSG dai ly  for two weeks was s ign i ficantly l arger that short day control s ,  and 

s ignifi cantl y smal ler than the c loacal opening of birds held under long day conditions. 

B i rds that received dai l y  i njections of 20 ill PMSG dur ing  the second week of treatment 

had a mean c loacal opening diameter that was significant ly  different to short day controls,  

but not  s ignificantly d i fferent from the mean cloacal di ameter of b i rds held under long 

days . Dai l y  treatment with 40 ill PMSG during the second week of treatment led to an 

increase in c10acal diameter that was significantly different from both short day and long 

day control groups. 

Table 3.9. S ummary of one-way ANOVA and l inear contrasts comparing cloacal opening 

diameter between groups at  the end of experiment 2 .  

ANOVA F df p 

Al l  groups 26. 1 77 1 1 , 63 0.000 

Linear contrasts F df p 

Long day vs short day 50 .504 1 , 63 0.000 

S hort day vs Sham injection 0.284 1 , 63 0.596 

Short day vs 1 0  IU ( 1  week) 1 0.987 1 , 63 0.002 

Long day ( I  week) vs 1 0  IU ( 1  week) 1 6.486 1 , 63 0.000 

Short day vs l a  IU/O IU PMSG 1 . 1 67 1 , 63 0.284 

Long days vs 1 0  IU/O IV PMSG 39 .6 1 9 1 , 63 0.000 

Long day/short day vs 1 0  IV/a IU PMSG 43 .935 1 , 63 0 .000 

S hort day vs 1 0  IU/5 ID PMSG 0.370 1 , 63 0 .545 

Long days vs 1 0  IV/5 IV PMSG 45.79 1 1 , 63 0.000 

S hort day vs 1 0  lUl l  0 IV PMSG 1 2.052 1 , 63 0 .00 1 

Long days vs 1 0  IU/ I 0 IU PMSG 1 5 .235 1 , 63 0.000 

S hort day vs 1 0  IU/20 IU PMSG 80.590 1 , 63 0.000 

Long days vs 1 0  IOna IU PMSG 2.567 1 , 63 0 . 1 1 4 

S hort day vs 1 0  IV/40 IU PMSG 93 .740 1 , 63 0.000 

Long days vs 1 0  IU/40 IU PMSG 5 .323 1 , 63 0.024 



Fac ing  Page 94 

1 0  

Ci 8 --
.t: 
C'l 
'ID 6 � -u 
:J 

'0 4 'S; 
0 

2 

0 

Week 1 

Week 2 

8 

:§ 6  
.E 
Cl 
'ID 
� 4 0 ::J 
'0 
'S; 
0 

2 

o 

Week 1 

Week 2 

A 

B 

• • • 
• 

• • • 
• 

• 
• 

• 

• 
• 

• • •  • • • • • • • 
• 

• •  • • • .-0.. - • • •  - ... - ... 

SD LD LD LD Shm 1 0lU 1 0lU 1 0lU 1 0lU 1 0lU 1 0lU 

SD LD SD Shm OIU 51U 1 0lU 20lU 40lU 

Control PMSG 

= - - �  

SD LD LD LD Shm 10lU 10lU 10lU 10lU 10lU 10lU 

SD LD SD Shm OIU 51U 10lU 20lU 40lU 

Control PMSG 

Treatment 

Figure 3.9. Raw data CA) and mean CB) oviduct weight of female Japanese quai l  
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3.3.2.2 Oviduct weight 

There were significant differences in oviduct weight between groups at the end of the 

treatment period (Figure 3 .9, see Tabl e  3 . 1 0  for statistics) . There was a signifi cant 

di fference in mean oviduct weight between short day and long  day control groups. 

Table 3.1 0. Summary of Kruskal-Wall i s  non-parametric ANOVA and Mann-Whitney U 

tests compari ng ovary weight between groups and oviduct weight between groups at the 

end of experiment 2. 

Ovary weight Oviduct weight 

K ruskal-WaIlis K-W df p K-W df p 

Al l  groups 63 .782 1 1  0.000 65.265 1 1  0.000 

Mann-Whitney U tests p p 

Long day vs short day 0.0 1 0.004 0.0 1 0.004 

S hort day vs Sham injection 1 3 .0 1 0.42 1 1 6.0 1 0 .739 

Short day vs ] 0 IU ( 1  week) 3 .0 1 0 .009 4 .0 1 0.0 1 5  

Long day ( 1  wk) vs 1 0 I U  ( \  wk) 42.0 1 0.003 42.0 1 0 .003 

Short day vs 1 0  IU/O IU PMSG 1 4.5 1 0.345 1 1 .5 1 0. 1 70 

Long days vs 1 0  IUIO IU PMSG 42.0 1 0 .003 42.0 1 0 .003 

Long/short day vs 1 0  JU/O IU PMSG 42.0 1 0.003 42.0 1 0.003 

S hort day vs 1 0  IU/5 IU PMSG 1 5 .5 1 0.428 9.0 1 0.083 

Long days vs 10 IU/5 IU PMSG 42.0 I 0.003 42.0 1 0.003 

S hort day vs 1 0 IUI l 0 IU PMSG 3 .0 I 0.0 1 0  2.5 I 0.080 

Long days vs 10 IUI l 0 IU PMSG 42.0 ] 0.003 42 .0 1 0.003 

Short day vs 1 0  IU/20 IU PMSG 0.0 1 0.003 0.0 ] 0 .003 

Long days vs 1 0  IU/20 IU PMSG 25.2 I 0.520 14 .5 1 0.352 

S hort day vs 10 JU/40 IU PMSG 0.0 I 0.003 0.0 1 0.003 

Long days vs \ 0 IU/40 IU PMSG 20.5 1 0 .943 1 3 .0  1 0.253 
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The mean oviduct weights of birds treated w ith sal i ne injections or 1 0  ill PMSG for one 

week fol l owed by 0, 5 or 1 0  ill PMSG for the second week were not significant ly different 

to that of short day controls .  Birds treated with 1 0  ill PMSG for one week had 

sign ificantl y  l arger oviducts than birds held on short days, but mean oviduct weight was 

s ign ificant ly  smal ler than that of birds held on long days for one week. The mean oviduct 

weight of bi rds treated with 1 0  ill PMSG for one week fol lowed by sal ine  i njections for 

one week w as s ign ificant ly smal ler than the oviduct weight of birds held on long days for 

one week, and then transferred to short days for one week. The oviduct weight of birds 

transferred from long days to short days was not s ignificantly different from that of birds 

mainta ined on long days for two weeks. Treatment with 1 0  ill PMSG dai l y  for one week 

fol lowed by treatment with 20 ill or 40 TU PMSG led to a significant increase i n  oviduct 

weight compared to short day controls, w i th oviduct weights as great as long day controls. 

Ov iduct weight showed a positive corre lat ion wi th c loacal diameter for both control and 

treated groups (Figure 3 . 1 OA and Table 3 . 1 1 ) . 

3.3.2.3 Ovary weight 

S ome ovarian growth was stimul ated by doses of 1 0  ill PMSG or h igher when compared to 

short day contro ls  (Figure 3 . 1 1 , see Table  3 . 1 0  for statistics). However, yel low fol l icles 

developed in  the ovary of only one treated bird which received 1 0  ill PMSG for one week 

fol l owed by dai l y  treatment with 40 ill PMSG for the second week. S im i l ar ly ,  birds 

transferred to long days for two weeks showed a significant i ncrease i n  ovarian weight 

compared to short day controls,  but large yel low fol l ic les were present in the ovary of onl y  

a s ingle  bird .  The mean ovarian weights of  birds treated with saline i nj ect ions o r  1 0  IV 
PMSG for one week fol lowed by 0 ill or 5 ID PMSG for the second week were not 

s i gn ificant ly d ifferent to that of short day controls .  B irds treated with 1 0  ID PMSG for one 

week or two weeks had significantly l arger ovaries than short day controls ,  but mean 

ovarian weights were significantly smal ler than those of birds held on long days for one or 

two weeks .  The mean ovarian weight of b i rds he ld on l ong days for one week, and then 

transferred to short days for one week was s ignificantl y l arger than the ovarian weight of 
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Figure 3 . 1 2. Raw data CA) and mean CB) p lasma estradiol concentration of femal e  
Japanese quai l after two weeks o n  short days, long days, or short days plus treatment 
w ith  dai l y  i njections of 1 0  ru PMSG for one week, fol l owed by treatment w ith 0, 5 ,  
1 0 , 2 0  or  4 0  ru PMSG for the second week. 
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birds that received PMSG treatment for one week fol lowed by sal ine injections for one 

week. The ovary weight of birds transferred from long days to short days was not 

sign ificant ly  d ifferent from that of birds main tained on long days for two weeks. Treatment 

with 1 0  ill PMSG dai l y  for one week fol lowed by treatment wi th 20 ill or 40 lU PMSG led 

to an increase in ovarian weigh t signifi cantly greater than short day controls ,  and not 

significant ly  d ifferen t  to long day contro ls .  Ovarian weight showed a posi t ive correlation 

with cloacal d iameter for both control and treated groups (Figure 3 . 1 OB and Table 3 . 1 1 ) . 

Table 3. 1 1 .  S ummary of  l i near regression rel ationship between ovary weight and cloacal 

diameter, and between oviduct weight and cJoacal diameter for al l control and treated 

groups in experiment 2 .  

Ovary weight Oviduct weight 

Group r2 Slope p r2 Slope p 

Untreated controls  0.65 2 1  2 .9 1 ± 0 .38  <0.000 1 0.7995 1 .8 1  ± 0. 1 6  <0.000 1 

PMSG treated 0.7500 4 .7 1 ± 0.43 <0. 000 1 0.8 1 53 1 .9 1  ± 0. ] 4  <0.000 1 

3.3.2.4 Plasma estradiol 

There was a s ign ificant difference in plasma estradiol concentrations between groups at the 

end of the experiment (Figure 3 . 1 2 , see Table 3 . 1 2  for statist ics) . B i rds maintained on long 

days for two weeks had significantly h igher p l asma estradiol concentrations than short day 

controls .  B i rds treated dai ly  wi th sal ine i njections or 1 0  ill PMSG for one week had 

s imi lar p lasma estradiol concentrations to short day controls .  Dai l y  treatment wi th 1 0  ill 

PMSG for one week fol lowed by 1 0  or 20 ill PMSG did not i ncrease p lasma estradiol 

concentrat ions,  as mean values were not s ignificantly different to those of birds held on 

short days . B i rds treated with 1 0  ill PMSG for one week fol lowed by 5 or 40 ill for one 
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Figure 3.13. Relationships between plasma estrad io l  concentration and oviduct CA) 
or ovary weight CB) of control b i rds (untreated birds he ld on short days or l ong  days) 
and b irds  he ld  on short days receiv ing dai ly  treatment  for one week w ith 1 0  ill PMSG, 
fol lowed by one week of treatment with 0, 5 ,  1 0, 20 or 40 ill PMSG. 
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week had p lasma estradiol concentrations significant ly greater than short day controls ,  and 

not significantly different to birds hel d on long days. 

Table 3. 12. Summary of Kruskal -Wal l i s  non-parametric ANOVA and Mann-Whi tney U 

tests compari ng p lasma estrad iol concentrations between groups at the end of experiment 2 .  

ANOVA K-W df p 

All  groups 30.786 1 1 0.00 1 

Mann-Whitney U tests K-W df p 

Long day vs short day 1 .0 0.006 

Short day vs S ham i njection 22.0 0.522 

Short day vs 1 0  IU ( 1  week) 1 2.0 0. 1 99 

Long day ( 1  week) vs 1 0  IU ( I  week) 34.0 0.063 

Short day vs 1 0  IV/O IV PMSG 7.0 0.046 

Long days vs 1 0  IV/O IU PMSG 36.0 1 0.032 

Long day/short day vs 1 0  IV/O IV PMSG 32.0 0. 1 1 6 

Short day vs 1 0  IU/S IU PMSG 0.0 0.003 

Long days vs 1 0  IU/5 IU PM SG 28.0 0.3 1 7  

Short day vs 1 0  lUl l 0 IU PMSG 1 5.0 0.39 1 

Long days vs 1 0  IU/ 1 0  IU PMSG 38 .0 0.0 1 5  

S hort day vs 1 0  IU120 I U  PMSG 1 0.0 0. 1 1 6 

Long days vs 1 0  IV/20 IU PMSG 37.0 0.022 

S hort day vs 1 0  IV/40 IU PMSG 4.0 0.0 1 5  

Long days vs 1 0  IV/40 IV PMSG 25.0 0.568 

There were s ignificant posit ive correlations between plasma estradiol concentration and 

ovary weight for treated groups and untreated controls (Figure 3 . 1 3 , see Table 3 . 1 3  for 

stati stics) . A l i near rel ationship between oviduct weight and plasma estradiol concentration 

was significant for con trol groups, but not for groups treated with PMSG. 
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Figure 3. 1 4. Changes i n  mean c Joacal diameter of female Japanese quail held on 
short days,  l on g  days,  and short days plus treatment w ith dai l y  i njections of 10 ill 
PMSG for one week, 20 IU for the second week, and 0, 5 ,  1 0, 20 or 40 ill PMSG for 
the third week . 
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Figure 3 .15 .  Raw data CA) and mean CB) c10acal diameter of  female Japanese quai l 
after three weeks on short days, long days, or short days plus treatment w i th dai l y  
i nject ions o f  1 0  ru PMSG for one week, 20 IU for the second week, and 0 ,  5 ,  1 0, 20 
or 40 TU PMSG for the third week. 
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Table 3.1 3. Summary of l i near regression relationship between ovary weight and p lasma 

estradiol concentrat ion,  and between oviduct weight and p lasma estradiol concentration for 

a l l  control and treated groups in experiment 2.  

Ovary weight Oviduct weight 

Group r2 Slope p r2 Slope p 

Untreated controls 0 .2084 0.002 ± 0.00 I 0.005 1 0.3 1 52 0.004 ± 0.00 1 0 .0004 

PMSG treated 0 . 1 390 0.002 ± 0.00 I 0.0 1 50 0.076 1 0.003 ± 0.002 0 .0770 

3.3.3 Experiment 3 

3.3. 3. 1  CLoacaL opening 

At the start of the treatment period, cloacal opening diameter did not differ s ignificantl y  

between groups (FI 2. 56= 1 . 1 62, p=O.332;  Figure 3 . 1 4) .  The c loacal open ings of birds  that 

remained on short days and received no treatment, and birds that received dai ly sal ine 

i njections for three weeks did not change dur ing the treatment period (see Table 3 . 1 4  for 

statistics) .  A l l  PMSG treated groups, and groups transferred to long day condit ions, 

showed an increase in  c loacal opening diameter dur i ng the treatment period. 

At the end of the treatment period there were sign ificant differences in  c loacal openmg 

diameter between groups (Figure 3 . 1 5 , see Table 3 . 1 5  for statistics). Birds held under a 

long day photoperiod for three weeks had significantly l arger c Joacal open ings than birds 

held on short days for the ·same period. The mean c loacal opening of birds that received 

dai l y  sal ine injections was not significantly different from that of short day controls .  One 

week of dai l y  treatment with 1 0  TU PMSG only,  or one week of treatment w ith 1 0  TU 
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PMSG fol lowed by one week of treatment with 20 IU PMSG led to a s ignificant i ncrease i n  

c10acal opening diameter compared to short day controls .  Furthermore, mean c 10acal 

diameters in both these groups were not s ign i fi cantly di fferent from the mean cloacal 

diameter of bi rds held on l ong days for one or two weeks. The mean cloacal opening of 

bi rds that received 1 0  ID PMSG for one week,  20 ru for the second week, fol lowed by 

sal ine injections for the third week was s ign ificant ly greater than that of short day controls, 

but s ignificantly smal ler than birds held on long days for three weeks. B i rds that received 

dai l y  i njections of 5 or 1 0  ID PMSG dur ing the third week of treatment had mean c loacal 

open ing diameters that were s ignificantly d ifferent to short day controls ,  and not 

s ignificant ly different from the mean cloacal diameter of b i rds held under l ong days . The 

mean cJoacal opening  of groups that received 20 or 40 ID PMSG duri ng  the th i rd week of 

treatment were s ign ifi cant ly  larger than the mean c loacal opening of the short day control 

group and l ong  day control group.  

Table 3.14.  Summary of resul ts of repeated measures ANOV A for changes i n  c loacal 

d iameter across days for each group in experiment 3 .  

Group F df P 

S hort day 1 .770 1 1 , 44 0.089 

Long day ( I  week) 7 . 1 27 4, 1 6  0.002 

Long day (2 weeks) 1 1 .656 7 , 35 0.000 

Long day (3 weeks) 30.783 1 1 , 55 0.000 

Sham inject ion 0.653 1 1 , 44 0.773 

10 IU ( I  week) 5. 539 4, 20 0.004 

1 0  rUl20 IU PMSG 33.589 7 ,  35  0.000 

J 0 IU120 IU/O IU PMS G  26.0 1 0  1 1 , 55 0.000 

1 0  rUl20 IU/5 IU PMSG 38 .776 1 1 , 55 0.000 

1 0  IU120 IU/ I 0 IU PMSG 2 1 .356 1 1 , 55 0.000 

1 0  IU120 IU/20 IU PMS G 28.4 1 3  1 1 , 55 0 .000 

J 0 IU/20 IU/40 IU PMSG 35.448 1 1 , 55 0.000 
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Figure 3. 1 6. Raw data CA)  and mean CB) oviduct weight of female Japanese quai l  after 
three weeks 011 short days, long days, or short days p lus  treatment with dai l y  i njections 
of 1 0  TU PMSG for one week, 20 TU for the second week, and 0, 5, 1 0, 20 or 40 IU 
PMSG for the th ird week, 
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Table 3. 15.  Summary of Kruskal -Wal l i s  non-parametric ANOVA and Mann-Whitney U 

tests comparing cloacal open ing diameter between groups and oviduct weights between 

groups at the end of experiment 3 .  

Cloacal diameter Oviduct weight 

Kruskal-Wallis K-W df p K-W df p 

A l l  groups 55 .26 1 2  0.000 5 8 .22 1 2  0.000 

Mann-Whitney U tests M-W df P M-W df P 

Long day vs short day 0.0 1 0.006 0.0 1 0.006 

S hort day vs Sham injection 9.0 1 0.46 1 2 1 .0 1 0.076 

S hort day vs 1 0  IV ( 1  week) 2.5 1 0.022 1 .0 1 0 .0 1 1 

Long day ( 1  week) vs 1 0  IU ( I  week) 8 .0 1 0 .505 7 .0 1 0.739 

S hort day vs 1 0  IV/20 IV (2 weeks) 0.0 1 0.006 0.0 1 0.006 

Long day ( 1  wk) vs 1 0  IV/20 IV (2 wks) 6.0 I 0. 1 00 6.0 I 0. 1 00 

S hort day vs 1 0  IV/20 IV/O IU PMSG 0.0 I 0.005 6.0 1 0. 1 00 

Long days vs 1 0  IV120 1U/0 IV PMSG 36.0 1 0 .003 36 .0 1 0.004 

S h ort day vs 1 0  IV/20 IV /5 IV PMSG 0.0 I 0.006 1 .0 1 0.0 1 1 

Long days vs 1 0  IV/20 ID /5 ID PMSG 30.0 1 0.054 36 .0 1 0.004 

S h ort day vs 1 0  IV/20 IU / 1 0  IU PMSG 0.0 I 0.006 0.0 I 0.006 

Long days vs 1 0  IV/20 IU / I  0 IV PMSG 1 8 .5 1 0.936 23 .0  1 0.423 

S hort day vs 1 0  IV/20 IU /20 IU PMSG 0.0 1 0 .006 0.0 1 0.006 

Long days vs 1 0  IV/20 ID /20 IU PMSG 5 .0 1 0.037 24.0 1 0.337 

S h ort day vs 1 0  IV/20 IU /40 IU PMSG 0.0 I 0.006 0.0 1 0.006 

Long days vs 1 0  1u/20 IV /40 IV PMSG 5 .0 I 0.037 24.0 1 0 .337 

3.3.3.2 Oviduct weight 

There were significant differences i n  ov iduct weight between groups at the end of the 

t reatment period (Figure 3 . 1 6, see Table 3 . 1 5  for stat ist ics) .  There was a s ign ifi cant 



Fac ing  Page 1 0  1 

1 5 . 0  

-
E 
E 

'-' 1 2 . 5  
"-
Q) 

..... 
Q) 
E ra 1 0 . 0  

"C 
ra o ra o 7 . 5  

() 

5 . 0  

I I I I I  
0. 1 

I I I I I I II 
1 

Oviduct weight (g) 

• PMSG 

o Control 
I I I II 

1 0  

Figure 3.17. Relationships between oviduct weight and c loacal diameter of control 
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p lus  treatment with dai l y  i njections of 1 0  ill PMSG for one week, 20 ill for the 
second  week, and 0, 5 ,  1 0, 20 or 40 ill PMSG for the th i rd week .  
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d ifference i n  mean oviduct weight between short day and long day control groups. The 

mean oviduct weights of b irds treated w ith sal ine injections for three weeks, or birds given 

sal ine injections for the final week of treatment only, were not s ignificantly different to that 

of short day controls .  B i rds treated with 1 0  IU PMSG for one week only ,  or treated wi th 1 0  

IV PMSG for one week fol lowed by 20 IU PMSG for one week, had significant ly l arger 

oviducts than birds held on short days. Furthermore, mean oviduct weights i n  both groups 

were not s ign ificant ly  d ifferent to those of bi rds held on long days for one or two weeks.  

B i rds treated with 1 0  IU PMSG for one week, 20 ID PMSG for the second week, and 5 IU 

for the final week had mean oviduct weights that were s ign i ficantly l arger than short day 

controls ,  and significant ly  smal ler than long day controls .  Treatment w ith 1 0, 20 or 40 IU 
i n  the third week of treatment led to an increase in  mean ovi duct weight compared to short 

day contro ls .  The mean oviduct weights in these three treatment groups were not 

s ignificant ly  di fferent to the mean oviduct weight of lon g  day contro ls .  Oviduct weight 

showed a posi t ive correlation with c10acal d iameter for both control and treated groups 

(Figure 3 . 1 7  and Table 3 .  I 6) .  

TabJe 3. 1 6. Summary of l inear regression relationship between ovary weight and c10acal 

d iameter, and between ov iduct weight and c10acal diameter for al l , control and treated 

groups in experiment 3 .  

Oviduct weight Ovary weight 

Group r2 Slope p r2 Slope p 

Untreated contro l s  0.7673 1 .78  ± 0. 1 9  <0.000 1 0 .8 1 09 2 .25 ± 0.2 1 <0.000 1 

PMSG treated 0.48 1 3  2 .27 ± 0.37 <0.000 1 0 .245 1 1 .49 ± 0.4 1 0.0009 
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Figure 3 . 18. Raw data CA) and mean CB) ovary weight of female Japanese quai l after 
three weeks on short days, l ong  days, or short days p lus  treatment w ith dail y  i njections 
of 1 0  ill PMSG for one week ,  20 ill for the second week, and 0, 5 ,  1 0, 20 or 40 ill 
PMSG for the third week. 
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Figure 3 .19. Raw data (A)  and mean (B) number of large yel low fol l icles i n  the 
ovaries of female Japanese quail after three weeks on short days, long days, or short 
days p lus  treatment with dai ly i njections of 1 0  IU PMSG for one week, 20 IU for the 
second week, and 0,  5, 1 0, 20 oi- 40 IU PMSG for the third week. 
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3.3.3.3 Ovary weight and number of large yellow follicles 

1 02 

Ovarian growth was stimu lated by al l combinations of PMSG treatment when compared to 

short day contro l s  (Figure 3 . 1 8 , see Table  3 . 1 7  for statist ics ) .  However, l arge yellow 

fol l ic les had developed i n  the ovaries of relat ively few PMSG treated b irds (Figure 3 . 1 9, 

see Tab le  3 . 1 7  for statistics). Birds held under a long day photoperiod for three weeks had 

s ignificantl y larger ovaries and significantly more yel low fol l ic les than birds held on short 

days for the same period, and all birds in the long day group had l arge yel low fol l ic les i n  

the ovary. The mean ovary weight and mean number of  yel low fol l icles present i n  the 

ovary of birds that received dai l y  sal ine i nj ections were not s ign ificantly differen t  from 

those of short day contro ls .  One week of dai l y  treatment wi th 1 0  ID PMSG only,  or one 

week of treatment wi th 1 0  ru PMSG fol l owed by one week of treatment wi th 20 ru PMSG 

l ed to a s ign ificant  i ncrease in mean ovary weight compared to short day controls .  

Furthermore, mean ovary weight i n  each group was not s ignifi cant l y  different  to the mean 

ovary weight of birds held on long days for one or two weeks. Yellow fol l icles did not 

develop in the ovaries of birds held on l ong days for one week or i n  birds treated w i th 1 0  

ru PMSG for one week. The ovaries o f  birds that received 0 o r  5 ru PMSG i n  the final 

week of treatment contained no yel low fol l icles, but were s ign ificant ly  larger than short day 

contro l s .  B i rds  treated wi th 20 or  40 ID PMSG i n  the th ird week of  treatment also had 

mean ovary weights that were sign ificantly l arger than short day contro ls  and sign ificant ly 

smal ler than long day contro ls .  However, onl y  two birds i n  each treatment group had 

yel low fol l ic les present i n  the ovary. Ovarian weight showed a posi ti ve correlation with 

c loacal diameter for both control and treated groups (Figure 3 . 20 and Table  3 . 1 6) .  PMSG 

treated birds did not lay any eggs, whereas 50% of birds held on long days started l aying 

wi th in  three weeks. 
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Figure 3.21 . Raw data CA) and mean CB) plasma e tradiol concentration of female 
Japanese quai l after three weeks on short days, long days, or short days plus treatment 
wi th  dai l y  injections of 1 0  ru PMSG for one week, 20 ru for the second week, and 0, 
5 ,  1 0, 20 or 40 ill PMSG for the th ird week. 
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Table 3.17. Summary of Kruskal-Wal l i s  nonparametric ANOVA and Mann-Whitney U 

tests comparing ovary weight and number of large yel low fol l i cles CL YF) between groups 

at the end of experiment 3 .  

Ovary weight Number of LYF 

Kruskal- Wallis K-W df p K-W df p 

Al l  groups 55.50 1 2  0.000 29.74 1 2  0.003 

Mann-Whitney V tests M-W df p M-W df P 

Long day vs short day 0.0 1 0.006 0.0 I 0.003 

Short day vs Sham injection 5.0 I 0. 1 1 7 1 2.5 I 1 .000 

Short day vs 1 0  IU ( 1  week) 0.0 I 0.006 1 5 .0 1 l .000 

Long day ( 1  week) vs 1 0  IU ( I  week) 5 .0 I 0.739 6.0 1 1 .000 

S hort day vs 1 0  1U/20 IU (2 weeks) 0.0 1 0.006 1 0.0 1 0 . 1 76 

Long day ( 1  wk) vs 1 0  IU120 IU (2 wks) 1 3 .0 1 0.7 1 5  1 6.5 I 0.750 

Short day vs 1 0 lU120 lU/O I U  PMSG 0.0 1 0.006 1 5 .0 1 l .000 

Long days vs 1 0  lU/20 lU/O IU PMSG 36.0 1 0.004 36.0 1 0.002 

Short day vs 10 1U/20 IU/5 IU PMSG 0.0 I 0.006 1 5 .0 I 1 .000 

Long days vs 1 0  1U/20 1U/5 IU PMSG 36.0 1 0.004 36.0 I 0.002 

Short day vs 10 lU120 lUl l 0 IU PMSG 0.0 1 0.006 1 0.0 I 0. 1 74 

Long days vs 1 0 1U/20 IU/ I 0 IU PMSG 27.0 I 0. 1 50 27.0 1 0 . 1 25 

Short day vs 1 0  1U/20 IU/20 IU PMSG 0.0 1 0.006 1 0.0 I 0 . 1 76 

Long days vs 1 0  IU/20 IU/20 IU PMSG 32.0 I 0.025 3 1 .5 I 0.024 

Short day vs 1 0 lU/20 IU/40 IU PMSG 0.0 1 0.006 1 0.0 I 0. 1 76 

Long days vs 1 0  IU/20 lU/40 IU PMSG 32.0 I 0 .025 3 1 .5 1 0 .024 

3.3.3.4 Plasma estradiol 

There were s ign ificant d i fferences i n  p lasma estradiol concentrations between groups at the 

end of the experiment (Fi gure 3 .2 1 ,  see Table 3 . 1 8  for stat ist ics) .  B irds maintained on long 

days for three weeks had s ignificantly h igher plasma estradiol  concentrations than short day 
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contro l s .  Mean plasma estradiol concentration in  birds treated with sal ine injections for 

three weeks, or receiv ing 0 or 5 IU PMSG during the final week of treatmen t  were not 

s ign i fi cant ly  d i fferent to the mean plasma estradiol concentration i n  b irds main tained on 

short days. B irds treated w ith dai l y  1 0, 20 or 40 IU PMSG i njections in the third week had 

p l asma estradiol concentrations that were not s ignificant ly d ifferent from short day or long 

day control b irds .  

Table 3.18. Summary of one-way ANOV A and l inear contrasts companng plasma 

estradi ol concentrations between groups at the end of experiment 3 . 

A NOVA F df p 

All groups 3 .630 1 2, 56 0.000 

Linear contrasts F df p 

Long day vs s hort day 6.25 1 1 , 56 0.0 1 5  

S hort day v s  Sham injection 0.000 1 , 56 0.994 

S hort d ay vs 1 0  IU ( I  week) 2.622 1 , 56 0. 1 1 1  

Long day ( I  week) vs l a ID ( I  week) 1 .032 1 , 56 0 .3 1 4  

S hort day v s  1 0  IU/20 I U  ( 2  weeks) 5.409 1 , 56 0.024 

Long day ( I  wk) vs 1 0  IU/20 IU (2 wks) 1 .260 1 , 56 0.266 

S hort day vs 1 0  IU/20 IU/O IU PMSG 1 .705 1 , 56 0. 1 97 

Long d ays vs l a  IU/20 IU/O IU PMSG 1 5 .935 1 , 56 0.000 

S hort d ay vs 1 0  IU120 IU/5 I U  PMSG 2.8 1 4  1 , 56 0.099 

Long days vs 1 0  IU/ZO IU/5 IU PMSG 1 9 . 1 99 1 , 56 0.000 

S hort day vs 1 0  Iu/20 lUl l 0 IU PMSG 1 .063 1 , 56 0.307 

Long days vs 10 Iu/ZO IU/ I 0 IU PMSG 2.375 1 , 56 0. 1 29 

S hort day vs 1 0  IU/20 IU120 IU PMSG 1 .259 1 , 56 0 .267 

Long days vs 1 0  IU/20 IU/20 IU PMSG 2.089 1 , 56 0. 1 54 

Short day vs 1 0  lU120 IU/40 IU PMSG 0.498 1 , 56 0.483 

Long days vs 1 0  IU/20 IU/40 IU PMSG 3.542 1 , 56  0.065 
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Figure 3,22, Relationships between plasma estradiol concentration and oviduct or 
ovary weight of control birds (untreated birds held on short days or long days) and 
birds held on short days plus  treatment w i th dai ly  injections of 1 0  IV PMSG for one 
week, 20 IV for the second week, and 0, 5,  1 0, 20 or 40 IV PMSG for the third week, 
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Figure 3.23. Raw data (A) and mean (B) plasma LH concentration of female 
Japanese quai l after three weeks on short days, long days, or short days plus 
treatment wi th dai l y  injections of 1 0  IU PMSG for one week, 20 IU for the second 
week,  and 20 or 40 IU PMSG for the third week. 
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There were significant positive correlations between plasma estradiol concentrations and 

both ovary weight and ov iduct weight for treated groups and untreated controls (Figure 

3 .22, see Table 3 . 1 9  for statistics) . 

Table 3.19. Summary of l inear regression relationship between ovary weight and p lasma 

estradio l  concentration, and between oviduct weight and p lasma estradiol concentration for 

a l l  control and treated groups in experiment 3 .  

Ovary weight Oviduct weight 

Group 1'2 S lope p r
2 S lope p 

Untreated control s 0.2 1 53 0.006 ± 0.002 0.0 1 29 0.2865 0.008 ± 0.002 0.0033 

PMSG treated 0.3238 0.004 ± 0.00 1 <0.000 1 0.237 1 0.003 ± 0.00 1 0.00 1 1 

3.3.3.5 Plasma luteinising hormone 

Plasma luteinisi ng hormone concentrations were measured in some groups to ensure that 
endogenous LH l evel s had not i ncreased in response to PMSG. There was no significant 

difference in p lasma LH concentration between groups (Figure 3 .23 ,  see Table 3 .20 for 

statistics) . However, l i near contrasts showed that there was a s ignificant difference in  mean 

p l asma LH concentration between short day and long day controls ,  and also between long 

day controls and birds receiving dai ly  i njections of 20 IV PMSG during the final week of 

treatment. 
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Table 3.20. Summary of one-way ANOV A and l i near contrasts comparing p lasma 

lutein i s ing hormone concen trations between groups at the end of experiment 3 .  

ANOVA 

Linear contrasts 

Long day vs short day 

Short days vs 1 0  IU/20 IU/20 IU PMSG 

Long days vs 1 0  IU/20 IU/20 IU PMSG 

Short day vs 1 0  IU/20 IU/40 IU PMSG 

Long days vs 1 0  IU/20 IU/40 IU PMSG 

3.3.4 Distribution of follicle sizes 

F 

2.632 

F 

5 . 1 09 

2.687 

5. 540 

2 . 1 0 1  

0 .723 

df p 

3, 1 9  0.080 

df p 

1 ,  1 9  0'.036 

1 ,  1 9  0. 1 1 8 

1 ,  1 9  0.030 

1 ,  1 9  0. 1 63 

1 , 1 9  0.406 

The number of fol l icles in each size class for ovaries weighing l ess than 0.50 g were s imi lar 

i n  long day control birds and bi rds that recei ved dai ly PMSG treatment (Figure 3 .24, see 

Table 3 . 2 1 for statist ics) .  In ovaries weighing 0.5 1 - 1 .00 g and 1 .0 1  - 5 .00 g there were 

s im i l ar numbers of fol l ic les in  long day control birds and PMSG treated birds for each 

fol l ic le  s ize c lass except for fol l icles 3-5 mm diameter (Figures 3 .24 and 3 . 25) .  There were 

some fol l ic les measuring 5- 1 0  mm in ovaries of long day birds weigh ing  0.5 1 - 1 .00 g, but 

there were no fol l ic les in this s ize class i n  PMSG treated birds. S im i larly,  the ovaries of 

long day b irds weighing 1 .0 1  - 5.00 g contained fol l icles that were 1 4  - 1 6  mm in 

d iameter, but these were not present i n  the same s ized ovaries of PMSG treated b i rds. 

There were s im i lar numbers of fol l ic les in  long day birds and PMSG treated birds in each 

s ize c lass for ovaries that weighed 5 .0 1 - 9 .00 g, except for fol l ic les 5 - 1 0  mm i n  diameter 

(Figure 3 .25) .  There were numerous fol l ic les greater than 1 6  mm in the ovaries of long day 
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control b irds  i n  this ovarian weight range, but no fol l ic les greater than 1 6  mm i n  PMSG 

treated birds. 

Table 3.2 1 .  Summary of two sample Student' s t-tests comparing the number of fol l ic les 

i n  each ovarian size class between birds held on long days and birds treated dai l y  wi th 

PMSG. Tests cou ld  not be performed when one or both groups had no fol l ic les in  a 

particu lar s i ze c lass ( indicated by "No test") .  

Follicle diameter 

Ovary size (g) (mm) t df p 

0.00 - 0. 1 5  1 - 3 1 . 296 1 8  0.2 1 1 

0.00 - 0. 1 5  3 - 5 No test 

0. 1 6  - 0.50 1 - 3 0 . 356 1 9  0.726 

0. 1 6  - 0.50 3 - 5 0. 1 60 1 9  0.875 

0.5 1 - l .00 1 - 3 0 .922 1 6  0.370 

0.5 1 - l .00 3 - 5  -3 .505 1 6  0.003 

0.5 1 - l .00 5 - t o  No test 

1 .0 1 - 5 .00 1 - 3 1 . 1 46 1 6  0.268 

l .0 1  - 5 .00 3 - 5  -4.233 1 6  0.00 1 

1 .0 1 - 5 .00 5 - 1 0  I .34 1 1 6  0. 1 99 

1 .0 1  - 5 .00 1 0 - 1 2  0 . 1 5 8 1 6  0.876 

1 .0 1 - 5 .00 1 2 - 1 4  0 . 8 1 6  1 6  0.426 

l .0 1  - 5 .00 1 4  - 1 6  No test 

5 .0 1 - 9 .00 1 - 3 1 . 322 1 0  0.2 1 5  

5 .0 1  - 9.00 3 - 5 0 .909 1 0  0.385 

5 .0 1  - 9 .00 5 - 1 0  2.62 1 1 0  0.026 

5 . 0 1 - 9.00 1 0 - 1 2  - 1 .907 1 0  0.086 

5 .0 1  - 9.00 1 2  - 1 4 -0.506 1 0  0.624 

5 . 0 1 - 9 .00 14 - 1 6  - 1 .240 1 0  0.24 3  

5 .0 1 - 9 .00 1 6  - 1 8  No test 

5 .0 I - 9 .00 1 8  - 20 No test 

5 .0 1 - 9.00 > 20 No test 
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3.4 Discussion 

This is  the fi rst experiment in which ovarian development  has been stimulated i n  Japanese 

quai l us ing dai ly  i njections of PMSG. The effectiveness of dai l y  i njections of PMSG was 

s imi lar to continuous PMSG treatment with osmotic pumps. The best combinat ion of 

i njection doses for st imulating ovarian development was 1 0  ID dai ly  for one week, 

fol lowed by 20 ID dai l y  for one week, and then either 20 or 40 ID for a third week. 

Although ovarian growth occurred in some PMSG treated birds, ovulation and egg l ay ing  

were not  i nduced i n  any  of these birds. In  the  b irds that d id development l arge yel low 

fol l ic les in the ovary, these were not arranged in a h ierarchy. Several b i rds did not respond 

to PMSG treatment and showed l ittle or no ovarian growth, i ndicat ing that the current doses 

may not be h igh enough to stimu late fol 1 i cu lar development i n  some birds, or that the 

treatment period may need to be extended. 

The effectiveness of dai ly injections and osmotic pumps for del i vering PMSG to stimulate 

ovarian development has not previous been compared in an avi an species. Wakabayashi  et 

al. ( 1 996) st imu lated ovarian development in Japanese quail using osmotic pumps 

del i vering  PMSG, but did not compare osmotic pumps w ith daily  i njections .  Dai l y  

i njections a n d  implantation o f  osmotic pumps were equal l y  effecti ve for admin i stering 

PMSG to Japanese quai l .  There were no s ign ificant d ifferences in  development of the 

ovary or oviduct between the two del i very methods. Therefore, when decid ing which 

del ivery method to use i n  future experiments, factors such as  cost, ease of use ,  and other 

practical it ies of the project must be considered. Although minor surgery is i nvolved, 

osmotic pumps are advantageous as once they are implanted, the bird does not need to be 

captured and handled again unti l  the pump is removed. This  would  be usefu l  in s i tuations 

where it is d ifficul t  or highly stressful for the b ird to be captured on a regul ar basis .  

Inject ions require regul ar capture and hand l i ng  of birds, but do al low for more control over 

dose, frequency and duration of treatment. The Japanese quail used in the curren t  

experiment and  future experiments are housed i n  smal l ,  i nd ividual cages, and  are therefore 

eas i ly captured. Experiments i n  our laboratory have shown that Japanese quai l do not 
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i n i t iate a corticosterone response when handled for less than two minutes, which i s  

sufficient t ime to  admin i ster a s ingle injection .  For our  studies we considered i njections to 

be the most su i table means of administering PMSG to Japanese quai l ,  and dai l y  i njections 

were used in experiments 2 and 3 .  

Th is  series of experiments was designed to find  a combination of PMSG doses that would 

stimulate ovarian growth and development of a fol l icular h ierarchy. Treatment with h igh 

PMSG doses (40 or 80 IU) during the first week of treatment caused the ovary to grow to a 

weight s ign ificantly l arger than in  birds held on long days for the same period. This 

suggests that dai l y  doses of 40 IU PMSG or h igher are not sui table for i n i t iat ing  normal 

ovarian development in Japanese quai l .  The reproductive organs of females treated with 

the l owest dose of PMSG (5 IU) were s imi l ar i n  s ize and weight to untreated or sal i ne­

treated control birds, i ndicating that this dose is too l ow to stimul ate normal ovarian and 

ov iductal growth . Doses of PMSG lower than 20 IU per day have not previously been u sed 

to stimulate development of the reproductive tract i n  Japanese quai l .  Wakabayashi et al. 
( 1 996) implanted female Japanese quail with osmotic pumps del i vering  20 ill PMSG per 

day for seven days. However, they implanted a second pump contai n i ng  a h igher dose 

fol l owing expiry of the first pump, and did not col l ect information on the effects of dai l y  

treatment wi th 20  IU PMSG after seven days . Domestic chickens have been treated w ith 

rel at ivel y low doses of PMSG. Hosoda et al. ( 1 955 )  showed that dail y  treatment wi th  1 0  or 

20 IU PMSG could  prevent a drop i n  serum v i te l l ine leve ls  i n  fasting b i rds and i nduce 

fol l i cu l ar growth in  some hens. A dose of 5 IU PMSG was insufficient to prevent the drop 

i n  serum v i tel l i ne caused by fasting, and did not promote growth of new fol l ic les (Hosoda 

et al . ,  1 955) .  Resul ts from the current experiments indicate that doses of PMSG l ower than 

1 0  IU are un l ikely to st imulate s ignificant ovarian development i n  Japanese quai l .  Dai l y  

treatment wi th 1 0  IU PMSG dai ly  does in i t iate ovarian growth, but i s  i nsufficient to 

stimu late fol l icu lar development. However, after one week of dai l y  treatment w ith 1 0  IU 
PMSG, mean ovary and oviduct weights were s imi lar to those of birds he ld on long days 

for one week. This  dose was therefore chosen as the most suitable to stimulate a n ormal 

rate of ovarian development for the first week of treatment. 
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To st imulate a rate of ovarian growth simi l ar to that which occurs in birds held on long 

days, the best resu l ts were ach ieved by increasing the dai l y  dose of PMSG at weekly 

i nterval s .  Treatment with 1 0  IU PMSG for one week, fol l owed by 20 ID PMSG dai l y  for 

the second week and 20 or 40 IU PMSG for the third week stimulated development of the 

ovary and oviduct to the same extent as in long day controls .  Low doses of PMSG may be 

requ i red to i n it iate ovarian growth and steroidogenesis ,  wi th higher doses necessary to 

fac i l i tate entry of fol l ic les into a h ierarchy. 

A l though considerable fol l i cu lar development occurred in  some of the PMSG treated birds, 

many birds did not develop any yel low fol l icles, even after three weeks of treatment.  This 

may simply be due to an insuffic ient period of treatment. In previous experiments (see 

Chapter 2) all b irds that were transferred to long  days started l aying eggs with in three 

weeks of transfer. Interestingly, in th i s  series of experiments, rel atively few of the b irds 

transferred to a long day photoperiod ovulated or laid  any eggs. Previous experiments with 

the New Zealand strain of Japanese quai l  have shown that three weeks of long days is 

suffic ient to stimul ate egg laying (Chua and Hesse l l ,  unpublished resul ts) .  However, in 

previous experiments reproductively active male Japanese quai l were held in rooms nearby,  

and their cal l s  cou ld  be heard in the room that housed the females. Guyomarc' h  et al. 

( 1 980) showed that exposure to male vocal izations caused a s ignificant i ncrease in ovarian 

weight in quai l held under a long day photoperiod. This was particu larly marked when 

cal l s  were heard during  the dark period. No male b irds were held in the ani mal rooms 

during any of the experiments discussed in this chapter, which may explain why females 

held under a long day photoperiod for three weeks usual l y  did not reach ful l  sexual 

maturity. A less l ikely cause of this difference between experiments is the effect of  other 

extraneous noise .  Mi l l am et al. ( 1 985) and Li et al. ( 1 987) have shown that radio music 

p layed for 3- 1 2  hours per day can lead to an increase in ovarian and testicular weight i n  

b i rds held on  short days. Extraneous noises could  be  heard from within the quai l  rooms 

dur ing  the previous experiments, but it is un l ike ly that this wou ld have affected gonadal 

growth under long day conditions. 
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Experi ments that were carried out concurrent ly wi th the experiments discussed here 

i nvestigated the metabol i c  c learance rate of PMSG in Japanese quai l .  Results from these 

experiments showed that PMSG persists in the p lasma of Japanese quai l up to 96 hours 

after a s ingle 500 IU i njection (Girl ing et al. , in press) .  Numerous studies us ing bioassays 

have shown that PMSG pers ists in  the blood of rabbi ts (Cole et al. , 1 967), rats (Par'low and 

Ward, 1 96 1 )  and mice (Sasamoto et al. , 1 972) for at l east 20 hours after i ntravenous 

i njection. McIntosh et aI, ( 1 975) measured the c learance rate of PMSG in sheep, and found 

that a s ingle dose of 38 000 IU PMSG took up to 1 20 hours to be completely  removed from 

the c i rculatory system and had a half- l i fe of 20 hours. In contrast, LH i s  removed quick ly  

from the c ircul atory system of  both birds and mammal s  with a hal f- l i fe of  1 7-30 minu tes i n  

rats (Parlow, 1 968, c i ted in  Scanes and Fol l ett, 1 973) ,  20-30 minutes i n  chickens ,  and 20 

minutes in Japanese quai l (Scanes and Fol l ett, 1 973) .  In previous experiments i n  which 

quai l ,  chickens or other avian species have been treated with PMSG to st imu late ovarian 

development, PMSG has been deli vered ei ther by dai l y  injection or continuousl y  by 

osmotic pump. Only one pub l i shed paper reports treat ing b irds wi th PMSG less often than 

dai l y  (Zadworny and Etches, 1 988) .  The frequency of PMSG treatment may need to be 

adj usted based on the metabol ic c learance rate of PMSG. Dai l y  i njections of h igher doses 

of PMSG might l ead to a gradual increase of PMSG concentration i n  the blood. 

When Japanese quai l  were transferred to a long day photoperiod for one week, and then 

back to a short day photoperiod for the second week, the ovary continued to develop, and 

was s imi lar in  s ize to that of birds held on long days for two weeks .  This i nd icates that one 

week of a l ong day photoperiod is sufficient to "switch on" the hypothalamo-pitu i tary­

gonadal axis ,  which remains switched on during  the second week i n  the absence of 

conti nued photost imu l ation . In contrast, in b irds that were given 1 0  ill PMSG for one 

week, and then given l ower doses of 0 or 5 ID for the second week, the ovary regressed, 

and returned to a s ize s imi lar to that of short day controls .  Thi s  suggests that the ovarian 

response to PMSG is physiological l y  d ifferent to the response to a st imulatory photoperiod. 

Th i s  is not s urpris i ng ,  as PMSG acts direct ly on the ovary, whereas the response to 

i ncreasing daylength is mediated in the hypothalamus .  
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Al though the distribu tions of fol l icle sizes were s imi lar between long day control groups 

and PMSG treated groups for each ovarian weight c lass, there were often s ignifican t ly  more 

3 - 5 mm fol l icles i n  PMSG treated birds than in long day controls .  The Japanese quai l  

used i n  these experiments are bred primari ly for meat. Selection for growth rate may have 

favoured genes for growth factors or their receptors, which are active or transcribed i n  the 

ovary, and these may interact to modify the effect of pituitary hormones, which could  resul t  

i n  i ncreased recru i tment o f  fol l icles i nto the h ierarchy (Onagbesan e t  al., 1 994; Peddie et 
al. , 1 994 ; Roberts et  al. , 1 994; Hocking and McCormack, 1 995). PMSG stimulated 

ornithine decarboxylase activ i ty (ODA) to 9.5 t imes that of basal levels i n  l arge whi te 

fol l i cles (5-6 mm) of broi ler hens, compared to l ayer hens i n  which ODA was only 

increased three-fold (Hocking and McCormack, 1 995) .  The effect of PMSG on smal l whi te 

(2-3 mm) and smal l yel l ow (8- 1 0  mm) fol l i cl es w as s imi lar for both strains ,  w ith an 

i ncrease in ODA on l y  two-three times that of basal levels. It may be that fol l icles that have 

j ust been i ncorporated i n to the hierarchy in broi ler hens are more sensiti ve to exogenous 

and endogenous pitu i tary hormones than the fol l icles of layer hens. 

Measurement of the cloacal opening diameter proved to be a useful external i n dicator 

during the earl y stages of ovarian and oviductal growth. Cloacal diameter corre lated 

posi t ively with both oviduct and ovary weight for both control and PMSG treated groups. 

Cloacal d iameter may be a usefu l  tool for adjusti ng dosage and timing of treatments for 

individual birds in  order to overcome some of the variation that occurs between b irds 

receiv ing the same treatment. 

In conclusion, PMSG treatment with doses ranging from 5-80 ru can stimulate ovarian and 

oviductal development after seven, 1 4  or 2 1  days of treatment. Ovarian and oviductal 

weights did not differ s ign i ficant ly between birds implan ted with osmotic pumps, and those 

receiv ing dai l y  i njections. Dosage, frequency and duration can be eas i ly  varied wi th dai ly 

injections, and therefore PMSG wi l l  be administered to Japanese quai l  us ing injections in 

future experiments. Low doses of PMSG ( 1 0  ill) are best for in i tiating ovarian 

development, but h igher doses (20 - 40 IU PMSG) are required to stimu late o varian 

fol l icu lar development. There was variation between b i rds in ovarian response to PMSG, 
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w i th some birds showing excess ive fol l icular development and others showing l i tt le or n o  

ovarian growth. The l ength of the treatment period may not have been suffic ient to 

stimulate ovarian growth in al l of the birds. Dai ly injections of PMSG may have caused a 

gradual increase i n  PMSG concentrations in  the blood leading to overstimul ation of 

fol l i cu lar development in those birds that did respond to treatment. The results from thi s  

and previous experiments have been used to plan the next experiment which w i l l  

investigate the effect of  PMSG i njections given every two, three or  four days over a period 

of one, two or three weeks. 
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4 Effect of PMSG treatment at intervals of one, 

two, three or four days on ovarian development 

4.1 Introduction 

Previous experiments have shown that continuous or dai l y  treatment  with PMSG can 

stimulate ovarian development and ovu lation in Japanese quai l .  However, there i s  

considerable  variation i n  response between birds, w i th some birds showing 

overstimulation of fol l icu l ar growth and breakdown of the h ierarchy, and some showing 

l i ttle or no ovarian response to treatment. PMSG has a longer half- l i fe than LH and 

FSH, and the ovarian overstimulation seen in some birds might be related to th i s  long 

half- l i fe. 

The clearance rate of LH and FSH from the c irculatory system is rel atively rapid. LH 

has a half- l i fe of 1 7-30 m i nutes in mice and rats (Parlow, 1 968, c i ted in Scanes and 

Fol lett, 1 973)  and 20-30 minutes in chickens (Scanes and Fol lett, 1 973)  and Japanese 

quail (Davies et al . ,  1 976) .  The clearance rate of FSH is more variable. In mice, 

various preparations of FSH were compared, and they were shown to have half- l i ves of 

I 1 -30 m inu tes (Phi l l ips et al., 1 993) .  The metabol ic c learance rate of FSH is slower i n  

sheep and humans ,  w ith  FSH persisting i n  ovine plasma for approximately two hours 

(Fry et al . ,  1 987), and i n  human plasma for up to five hours (Urban et al., 1 99 1 ) . I n  

contrast, PMSG persi sts i n  the blood of  rats (Parlow and Ward, 1 96 1 ), mice (Sasamoto 

et al . ,  1 972) and rabbits (Cole et al. ,  1 967) for at least 20 hours after a s ingle 

i ntravenous i njection . McIn tosh et al .  ( 1 975) measured the c learance rate of PMSG i n  

sheep, and found that a s ingle dose of PMSG took u p  to 1 20 hours to be completely 

removed from the circu latory system. Experiments carried out i n  our l aboratory have 

shown that PMSG pers i sts in the circulatory system of Japanese quail for up to 96 hours 

after treatment with a s ingle i njection (Gi rl i ng  et aI. , i n  press) .  Dai l y  treatment of quai l 

with PMSG may therefore be too frequent and could  lead to pers istent ly e levated 

p l asma concentrations of th i s  gonadotropic hormone. The frequency of PMSG 
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treatment may need to be adjusted to al low for the relati vel y  s low metabol i c  clearance 

rate of PMSG. Unfortunately,  there are few examples of previous experiments in which 

ovarian development has been stimu lated by periodic treatment with PMSG or other 

gonadotropic hormones . Zadworny and Etches ( 1 988) are the on ly  researchers to report 

treat ing an avian species with PMSG less often than dai ly .  They treated i ncubating and 

out-of-lay turkeys with PMSG every two days and induced ovarian growth and 

ovul ation in several birds . 

Mammal ian studies in  which reproductive activ i ty has been stimu lated using exogenous 

gonadotropins have used s ing le injections,  i ntermittent i njections or continuous i nfusion 

of GnRH, LH, FSH,  hCG or PMSG (Yavas and Walton, 2000). Often a s ingle i njection 

wi th exogenous gonadotropi n  is  sufficient to induce fol l i cu l ar growth or ovul at ion i n  

mammal i an species. A s ingle i njection of GnRH stimulated ovulation i n  cattle 

(Taponen et al. ,  1 999) and s imi larly a single treatment wi th PMSG has been used to 

st imulate fol l icular development in pigs (Duanyai and Sr ikandakumar, 1 998), and 

induce ovulation in deer (Waldhalm et aI. , 1 989) and possums  (Glazier, 1 998) .  When 

injections of gonadotropin  are given periodical ly  to mammals ,  th is  i s  usual l y  designed 

to mimic natural GnRH or LH pul ses. Thi s  technique has been used predominantly to 

i nduce ovul ation in catt le (McNatty et al., 1 993 ;  Hami l ton et al. ,  1 999; Vizcarra et al. , 

1 999) and requires treatment with GnRH, LH or FSH every one to four hours for 

several days . Marti nez et al. ( 1 999) treated cattle with GnRH or porc i ne LH once every 

three days for ten days to induce ovulation. Thi s  treatment schedule  was designed to 

correspond with specific stages of the first fol l icular wave (growing, early-static and 

late-static phases) .  There are no publ i shed studies in which PMSG alone has been 

admin istered periodical l y  to a mammal ian species to stimul ate fol l icular growth and 

induce ovul ation. 

The current experiment was designed to i nvestigate the effect on ovarian development 

and ovul ation of PMSG treatment at i ntervals of one or more days. Treatment with 

PMSG every two, three or four days may increase the number of b irds which respond 

posit ively to treatment, and decrease the i nc idence of overst imulation of fol l icu lar 

development. 
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4.2 Materials and Methods 

4.2. 1 Animals 

1 1 6 

Female Japanese quail (n= were purchased at three weeks of age from our normal 

commercial suppl ier (Rangit ikei Game Farms) .  Before the start of the experiment, b irds 

were maintained under short day conditions (8L: l 6D, l O°C) as described i n  Chapter 2 .  

4.2.2 Hormone preparation and administration 

Pregnant mare serum gonadotropi n  (PMSG; Intervet) was k indly donated by Pharmaco 

New Zealand. 

PMSG was d issolved i n  sal ine and administered usmg i nject ions .  Injections were 

admin istered subcutaneous ly  i n  the abdomen using a 0.5 ml i n su l i n  syringe and a 27 

gauge, Y2 inch needle .  Each bird received a volume of 200 III of solut ion per i njection, 

contain ing  sal i ne or 20 or 40 IU PMSG. 

4.2.3 Experimental design 

At s ix  weeks of age, birds were d iv ided i nto 26 treatment groups (n=6 per group, see 

Table 4 . 1 ) . 

Group one was euthanased and d issected at the start of the treatment period to determine 

the s ize of the ovary and oviduct prior to treatment. Groups two to four were 

transferred to long day condit ions ( 1 6L: 8D, 20°C) and dissected on days 7, 1 4  or 2 1 .  

The amount  of oviductal and ovarian development stimulated by a long day photoperiod 

provided a target for the PMSG treatment to ach ieve. Groups five and s ix  remained 

under short day conditions unt i l  dissection on day 2 1 .  Group five received no i njections 

whi le  group six received dai l y  i njections of 0.90/0 sal ine. Groups seven to 1 6  received 
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injections of 20 ill PMSG daily or every two, three or four days, and groups 1 7  to 26 
received injections of 40 ID PMSG daily or every two, three or four days. Groups were 

dissected at day 7, 14 or 21 as shown in Table 4. 1 .  

Table 4.1. Experimental groups. 

Group Photoperiod PMSG dosage Interval between Day of 
(IU) injections dissection 

1 0 
2 Long day 7 
3 Long day 14 
4 Long day 2 1  
5 Short day 2 1  
6 Short day Saline 21  
7 Short day 20 1 7 
8 Short day 20 2 7 
9 Short day 20 3 7 
1 0  Short day 20 4 7 
1 1  Short day 20 2 14 
1 2  Short day 20 3 14 
1 3  Short day 20 4 14 
14 Short day 20 2 2 1  
1 5  Short day 20 3 2 1  
1 6  Short day 20 4 2 1  
17  Short day 40 1 7 
18  Short day 40 2 7 
1 9  Short day 40 3 7 
20 Short day 40 4 7 
2 1  Short day 40 2 14 
22 Short day 40 3 14 
23 Short day 40 4 14 
24 Short day 40 2 21  
25 Short day 40 3 21  
26 Short day 40 4 2 1  



Chapter 4 1 1 8 

Regu lar measurements (every two days) of cloacaI open ing d iameter were made during 

the experiment as an indicator of development of the oviduct. Body weight was also 

measured regu larly to ensure birds maintained a heal thy weight .  

Birds were euthanased on the appropriate days and the ovary and oviduct excised and 

weighed, and body weight and cloacal opening diameter recorded. Ovaries were 

di vided in to s ix size classes (0.00-0. 1 5  g, 0. 1 6-0.50 g, 0 .5 1 - 1 .00 g, 1 . 0 1 -5 .00 g, 5 .0 1 -

9 .00 g and 9.0 1 - 1 3 .00 g) and the numbers and sizes of yel l ow fol l ic les present i n  each 

ovary were recorded. The fol l icu lar distribution within each ovarian weight c lass was 

compared between control and treated groups. B lood samples were col lected and stored 

at -20°C for radioimmunoassay of plasma estradiol . 

Al l  experimental procedures were approved by the Massey University Animal Ethics 

Committee. 

4.2.4 Radioimmunoassay of plasma estradiol 

Plasma samples were assayed for estradiol using the method described i n  Chapter 2 .  

4.2.5 Statistics 

Al l  variab les were tested for homogeneity of variance us ing  Levene ' s  test. When 

variances were homogeneous across groups for a single variable, ANOV A fol lowed by 

l i near contrasts were used to analyse data. Linear contrasts were used rather than 

Bonferroni ' s  posthoc tests due to the l arge number of groups that were compared. 

When variances were not homogeneous across groups, Kruskal-Wal l i s  non-parametric 

ANOVA fol lowed by Mann-Whitney U tests were performed to determi ne differences 

between groups. One-way ANOVA and S tudent ' s  t-tests were used to analyse foll icular 

s ize frequency distribution data. Repeated measures ANOV A was used to analyse 

changes in cloacal diameter over time. Relationships between variables were 

investigated using l i near regress ion to calculate r2 values . 
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Figure 4. 1 .  Changes i n  cloaca l  d iameter i n  birds held under a short day photoperiod 
and treated wi th 20 or 40 ill PMSG dai ly  or every two, three or four days for one 
CA) ,  two C B )  or three Cc) weeks,  or held on short days for three weeks or long days 
for one, two or three weeks rece iv ing no treatment. 



Fac i ng  Page 1 1 9 

14  

E .§. 1 2  
� cv � .!!! 1 0  

'C 
Cii (J '" 
!2 8 U 

14 

E .§. 12 
� cv � .!!! 10  'C 

Cii () '" 
!2 8 U 

6 

14 

E .§. 12 
Q; � '" 10 '0 Cii (J '" 

!2 8 U 

6 

6 

A 

B 

c 

D U  
Shon Long 
day day 

D U 
Shen Long 
day day 

o 
Shon Long 
day day 

Daily 

Every 2 days 

c=J 20 IU PMSG 

_ 40 I U PMSG 

� I 0 1 0 1  
Every Every Every 

2 days 3 days 4 days 

Frequency of injections 
(over 1 week) 

c=J 20 IU PMSG 

_ 40 I U PMSG 

� 0 1 
Every 3 days 

Frequency of injections 
(over 2 weeks) 

c=J 20 IU PMSG 

_ 40 I U PMSG 

Every 4 days 

Every 2 days Every 3 days Eve ry 4 days 

Frequency of injections 
(over 3 weeks) 

Figure 4.2. Mean c loacal diameter for birds on short days, long days, and short 
days plus treatment wi th 20 or 40 IU PMSG dai ly  or every two, three or four days 
after one CA) ,  two CB) or three CC)  weeks. 



Chapter 4 1 1 9  

ANOV As and non-parametric equivalents were carried out us ing Systat Version 8 .0 

(SPSS Inc . ,  1 988) ,  and relationships between variables ( l inear regression) were analysed 

using GraphPad Pri sm Version 3 .0  (GraphPad Software Inc . ,  1 999) . Data were 

transformed to logarithms where necessary. Data are presented as indi vidual points or 

as means ± standard error. 

4.3 Results 

4.3. 1  Cloacal opening 

Cloacal d iameter changed significantly i n  al l PMSG treated groups during one, two or 

three weeks of treatment, except for the group treated with 20IV PMS G  every 4 days for 

one week (Figure 4 . 1 ,  see Table 4 .2  for statistics) .  There were also s ign i ficant i ncreases 

i n  cloacal diameter i n  birds held on long days for one, two or three weeks . There were 

no sign i ficant changes in the c loacal d iameter of birds held on short days for three 

weeks receiv ing  no treatment, or in sal ine  treated b i rds. 

After one, two or three weeks of treatment, the mean cIoacal d iameters of long day 

controls were s ignificantly larger than short day controls .  After one week of treatment, 

the mean c10acal diameters of al l PMSG treated groups were s ign i ficantl y  l arger than 

short day controls ,  except those treated wi th 20 IV PMSG every four days (Figure 4.2, 

see Table 4 .3 for statistics). The mean cloacal diameters of PMSG treated b irds were 

not s ignificantly different to long day controls after one week, except for birds treated 

dai ly  w ith 40 IV PMSG which had s ignificantly l arger cloacal openings,  and birds 

treated every three or four  days with 20 IV PMSG which had smal ler cIoacal d iameters. 

A l l  PMSG treated groups had mean c loacal diameters sign ificantly l arger than short day 

control s  but s imi lar to that of long day control s after two weeks, except for birds treated 

w i th 40 IV PMSG every two days which had a mean cloacal d iameter s ignificantly 

l arger than both short day and long day contro ls .  The mean cIoacaI d iameters of birds 

treated with 20 or 40 IU PMSG every two days for three weeks were s ign ificantly l arger 

than long day controls .  Al l  other PMSG treated groups had mean c loacal diameters that 

were not s ign i fi cantly different from long day control s  after three weeks, except for 
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birds treated with 40 ru PMSG every four days which had a smal ler mean c Ioacal 

diameter than long day controls. 

Table 4.2. Summary of one-way repeated measures ANOV A comparing  changes in  

c loacal open ing diameter in each group during one, two or  three weeks of PMSG 

treatment given dai ly ,  every two, three or four  days, or one, two or three weeks under a 

long day photoperiod receiving no treatment. 

One week Two weeks Three weeks 

Group F df P F df P F df P 

Short day - - - - - - 0.782 1 1 ,44 0.656 

Long day 1 1 .23 3 ,  1 2  0.00 1 27 .95 7 , 28 0.000 1 3 .22 1 1 ,44 0.000 

Sal ine - - - - - - 1 .0 1  1 1 ,44 0.450 

20IU PMSG dai ly 4 1 .33 3 ,  1 5  0.000 - - - - - -

40IU PMSG dai l y  53 .5 1 3, 1 5  0.000 - - - - - -

20IU every 2 days 5 . 99 3, 1 5  0.007 1 1 .63 7, 35 0.000 35 .75  1 1 ,55 0.000 

40IU every 2 days 23 .62 3 ,  1 5  0 .000 35.90 7, 35 0. 000 35 .76  1 1 ,55 0.000 

20IU every 3 days 8 .68 3, 1 5  0.00 1 1 4.49 7, 35 0.000 1 4 .79 1 1 ,5 5  0.000 

40IU every 3 days 34.80 3, 1 5  0.000 27.74 7, 35 0.000 22.25 1 1 ,55 0.000 

20IU every 4 days 2 .06 3, 1 5  0. 1 48 7 . 3 1 7 , 35 0.000 1 4.56 1 1 ,5 5  0.000 

40IU every 4 days 4 .20 3, 1 5  0.024 32.98 7 , 35 0.000 1 7. 3 1 1 1 ,5 5  0 .000 

4.3.2 Ovary weight 

Mean ovary weights were significant ly l arger in long day control groups and all PMSG 

treated groups compared to short day controls after one, two and three weeks of 

treatment (Figure 4.3 ,  see Table 4.4 for stat i stics) . After one week of treatment, b irds 

given 20 ru PMSG daily, 20 or 40 IU every two or three days, or 40 ru every four days 

had s imi lar mean ovary weights to long day controls .  B i rds treated w i th 40 ru PMSG 

dai ly had a mean ovary weight s ignificant ly larger than long day controls .  After two 

weeks of treatment, birds receiving 20 ru PMSG every three or four days had mean 

ovary weights that were sign ificantl y smal l er than long day controls ,  wh il st birds treated 

with 20 IU PMSG every 2 days or 40 IU every three or four days had ovary weights 
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s imi l ar to long day control s, and birds given 40 IU PMSG every two days had a mean 

ovary weight l arger than birds held on long days . Treatment with 20 ill PMSG every 

three or four days, or 40 IU every four days for three weeks was i nsuffic ien t  to st imul ate 

ovarian growth to the same extent as found in long day control s. Mean ovary weights 

of bi rds treated w ith 20 IU PMSG every two days or 40 ill every two or three days were 

not s ignificant ly  d ifferent from the mean ovary weight of long day control s .  

Table 4.3. Summary of one-way ANOV A and l i near contrasts comparing cloacal 

open ing d iameter between groups after one, two or three weeks of PMSG treatment 

given dai l y ,  every two, three or four days, or one, two or three weeks u nder a long day 

photoperiod receiv ing no treatment. 

One week Two weeks Three weeks 

F df p F df p F df P 

ANOVA 9.86 1 0, 5 1 0.000 1 4. 1 7  8 , 4 1  0. 000 3 0. 1 7  9, 45 0.000 

Linear contrasts F df P F df P F df P 

S O  vs LD 1 6 . 0 1  1 , 5 1  0 .000 1 7 .34  1 , 4 1 0.000 42. 1 8  1 , 45 0.000 

SD vs Sham - - - - - - 0.59  1 , 45 0.446 

SD vs 20 IU daily 33 .58  1 , 5 1  0 .000 - - - - - -

LD vs 20 I U  dai ly 2 .6 1 2  1 , 5 1  0. 1 1 2 - - - - - -

S D  vs 40 IU daily 48.93 I ,  S I  0.000 - - - - - -

LD vs 40 I U  daily 7.928 1 , 5 1  0 .007 - - - - - -

SD vs 20 IU,  2 days 1 3 . 8 1 1 , 5 1  0.00 1 22.27 1 , 4 1  0.000 1 0 1 .9 1 , 45 0.000 

LD vs 20 I U ,  2 days 0.2 1 1 , 5 1  0 .646 0.76 1 , 4 1 0 .388 1 0.99 1 , 45 0.002 

S D  vs 40 IU,  2 days 1 9 .02 1 , 5 1 0 .000 73.46 1 , 4 1 0.000 97 .52 1 , 45 0.000 

LD vs 40 IU,  2 days 0.03 1 , 5 1  0 .857 1 7 . 82 1 , 4 1  0.000 9 . 5 6  1 , 45 0.003 

SD vs 20 IU, 3 days 4.56 1 , 5 1  0.037 1 9.03 1 , 4 1 0.000 2 8 . 80 1 , 45 0.000 

LO vs 20 IU,  3 days 4 . 1 7  1 , 5 1  0 .046 0.00 1 , 4 1 0.990 2 . 0 1 1 , 45 0. 1 63 

SD vs 40 IU,  3 days 1 2 .75 1 , 5 1 0.00 1 33 .35 1 , 4 1 0.000 4 8 .84 1 , 45 0.000 

LD vs 40 IU,  3 days 0.37 1 , 5 1  0.545 2.03 1 , 4 1 0 . 1 62 0 .08  1 , 45 0.784 

SD vs 20 IU, 4 days 1 .5 I 1 , 5 1  0.225 7 . 1 4  1 , 4 1 0.0 1 1 24.50 1 , 45 0.000 

LD vs 20 IU, 4 days 8 .70 1 , 5 1  0.005 2. 8 1  1 , 4 1 0 . 1 0 1  3 . 3 6  1 , 45 0.073 

SD vs 40 IU, 4 clays 5 . 3 5  1 , 5 1  0.025 1 4 .5 1 1 , 4 1 0.000 1 6 .05 1 , 45 0.000 

LO vs 40 IU,  4 days 3.49 1 , 5 1  0.068 0.29 1 , 4 1  0.592 7 . 7 1 1 , 45 0.008 
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Table 4.4. Summary of one-way AN OVA or Kruskal -Wal l i s  nonparametric ANOVA 

and l inear contrasts or Mann-Whitney U tests comparing ovary weight between groups 

after one, two or three weeks of PMSG treatment given dail y, every two, three or four 

days, or one, two or three weeks under a l ong day photoperiod receiv i ng  no treatment .  

One week Two weeks Three weeks 

F df P K·W df P K·W df P 

1 0, 
ANOVA 1 5 .20 0.000 4 1 .56 8 0.000 4 8 . 27 9 0.000 

5 1  

Linear contrasts F df P M·W df P M·W df P 

SD vs LD 3 1 .47 1 , 5 1  0. 000 0.0 1 0.009 0 .0 1 0.009 

SO vs Sal i ne - - - - - - 8 .0  1 0.347 

SO vs 20 IV dai ly 4 1 .80 1 , 5 1  0.000 - - - - - -

LO vs 20 I D  daily 0.37 1 , 5 1  0 . 547 - - - - - -

SO vs 40 I U  daily 7 1 .92 1 , 5 1  0 .000 - - - - - -

LO vs 40 I D  dai ly 6.88 1 , 5 1  0 .0 1 1  - - - - - -

SO vs 20 ID,  2 d ays 22.78 1 , 5 1  0 .000 0.0 1 0.006 0.0 I 0.006 

LO vs 20 ID,  2 days 1 . 1 8  1 , 5 1  0 .283 22.0 1 0. 1 99 1 6 .0 1 0.855 

SO vs 40 ID, 2 days 46. 8 1 1 , 5 1 0.000 0.0 I 0.006 0.0 I 0.006 

LO vs 40 ID,  2 days 0.97 1 , 5 1  0.330 2 .0 1 0.0 1 7 7 . 0  1 0. 1 44 

SO vs 20 ID,  3 days 24 .7 1 1 , 5 1  0 .000 0.0 1 0.006 0.0 1 0.006 

LO vs 20 ID,  3 days 0.79 1 , 5 1  0.379 30.0 I 0.006 26.0 1 0.045 

SO vs 40 ID,  3 days 49.39 1 , 5 1 0 .000 0.0 1 0.006 0.0 1 0.006 

LO vs 40 ID, 3 days 1 .37 1 , 5 1  0 .248 7 . 0  1 0. 1 4 1  1 2 .0 1 0.584 

SO vs 20 ID, 4 days 9.26 1 , 5 1  0.004 0.0 1 0.006 1 .0 1 0.0 1 1 

LD vs 20 ID, 4 days 7 .93 J , 5 1  0.007 2 8 .0 1 0.0 1 7  30.0 1 0.006 

SO vs 40 ID, 4 days 3 1 . 06 1 , 5 1  0 .000 0.0 1 0.006 0.0 1 0.006 

LO vs 40 IV, 4 days 0.08 1 , 5 1  0.776 22.0 1 0. 1 99 26.0 1 0.045 

Large yel low fol l ic les were present on the ovary of only one long day control bird (held 

on long days for three weeks) and four  treated birds given 40 ID PMS G  every two days 
for two or three weeks . One of the PMSG treated birds laid an egg, and th i s  was 

rel ati vely smal l ( 1  O .3g compared to normal egg weight: 1 2 .5 ± 0.3 g) and incompletely 

pigmented . None of the long day control b irds la id  eggs i n  this experiment. 
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Figure 4.4. Mean oviduct weight for birds on short days, long days, and short 
days p lus  treatment with 20 or 40 ill PMSG dai l y  or every two, three of fou r  days 
after one (A), two (B) or three (C) weeks, 
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4.3.3 Oviduct weight 

Table 4.5. Summary of Kruskal-Wal l is non parametric ANOVA and Mann-Whitney U 

tests comparing oviduct weight between groups after one, two or three weeks of PMSG 

treatment given dai l y, every two, th ree or four days, or one, two or three weeks under a 

l ong day photoperiod receiving no treatment. 

One week Two weeks Three weeks 

K-W df P K-W df p K-W df P 

Kruskal-Wallis 4 1 .70 1 0  0.000 36.65 8 0. 000 47.33 9 0.000 

Mann-Whitney M-W df p M-W df p M-W df P 

SO vs LD 0.0 1 0.009 0.0 I 0.009 0.0 1 0.009 

SO vs Sal i ne - - - - - - 1 0. 0  1 0.602 

SO vs 20 IU daily 0.0 I 0.006 - - - - - -

LO vs 20 IU daily 6.0 I 0. 1 00 - - - - - -

SO vs 40 IU dai ly  0.0 I 0.006 - - - - - -

LO vs 40 IU daily 3 . 0  f 0.028 - - - - - -

SO vs 20 IU, 2 days 0.0 1 0.006 0.0 1 0.006 0.0 1 0.006 

LO vs 20 IU, 2 days 1 9 .0 I 0.465 9.0 I 0.273 1 0.5 1 0.4 1 0  

S O  vs 40 IU, 2 days 0.0 I 0.006 0.0 1 0.006 0.0 1 0.006 

LO vs 40 IU, 2 days 8 .0 I 0.20 1 0.0 1 0.006 4.0 I 0.045 

SO vs 20 I U, 3 days 0.0 I 0.006 0.0 I 0.006 0.0 1 0.006 

LO vs 20 IU, 3 days 1 8 .0 I 0.584 3.0 I 0.028 2 1 .0 1 0.273 

SO vs 40 IU, 3 days 0.0 I 0.006 0.0 1 0.006 0.0 1 0.006 

LO vs 40 IU, 3 days 9.0 I 0.272 4.0 I 0.045 1 8 .0 I 0.583 

S O  vs 20 IU, 4 days 4.0 I 0.045 0.0 1 0.006 0.0 1 0.006 

LO vs 20 IU, 4 days 29.0 I 0.0 1 1 1 2 .0 I 0.584 24.0 I 0. 1 00 

SO vs 40 IU, 4 days 0.0 I 0.006 0.0 I 0.006 0.0 1 0.006 

LD vs 40 IU, 4 days 1 7 .0 I 0.7 1 5  3.0 I 0.028 22.0 I 0.20 1 

Mean ov iduct weights were s ignificant ly larger i n  long day control  groups and al l 

PMSG treated groups compared to short day controls after one, two and three weeks of 

treatment (Figure 4.4, see Table 4 .5 for stat i stics). Mean oviduct weigh ts of birds gi ven 
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20 ill PMSG dai ly  or every two or three days, or 40 IU PMSG every two, three or four 

days for one week were s imi l ar to long day contro ls  after one week. B i rds treated dai l y  

wi th 40  ill PMSG had a s ignificantly l arger mean oviduct weight after one  week than 

long day contro l s .  After two weeks of treatment, birds receiving 20 ill PMS G  every 

two or four  days had mean oviduct weights that were not s ign i fi cantly different to l ong 

day contro ls ,  and birds given 20 ill PMSG every three days, or 40 ill every two, three 

or four days had mean oviduct weights l arger than birds held on long days .  Al l  groups 

treated w i th PMSG had mean oviduct weights that were not significant ly different to 

long day contro ls  after three weeks, except for b i rds treated with 40 ill PMSG every 

two days w hich had a s ignificantly larger mean oviduct weight. 

4.3.4 Plasma estradiol 

The mean p lasma estradiol concentration of short day controls was not s ign ificantly 

d ifferen t  to that of long day controls after one, two or three weeks (Figure 4.5, see Table 

4 .6  for statistics). After one week of treatment ,  the mean p lasma estradiol concentration 

of b irds treated wi th 20 ill PMSG every four days was signifi cantly l ower than both 

long  day and short day controls .  A l l  other PMSG treated groups had s im i l ar mean 

p lasma estradiol  concentrations to long day and short day control groups .  A s imil ar 

pattern w as evident after two weeks of treatment, with the group treated with 40 ill 

PMSG every fou r  days having a s ignificantl y  lower mean p lasma estradiol 

concentration than long day and short day controls .  After three weeks of PMSG 

treatment ,  p l asma estradiol concentrations were h ighest in birds treated with PMSG 

every two days, but mean values were not s ign ifi cantly different from long day or short 

day contro ls .  B i rds treated with 20 TU PMSG every four days for three weeks h ad a 

s ign ificant l y lower mean pl asma estradio l  concentration than long day and short day 

controls .  

There w as no correlation between plasma estrad iol concentration and ovary o r  oviduct 

weight for any of the PMSG treated groups (Figure 4.6) .  There was a rel atively weak 

corre lat ion between pl asma estradiol concentration and ovary or oviduct weight i n  long 

day and short day controls (p=0.008 for ovary weight and p=0.004 for oviduct weight) .  
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Table 4.6. Summary of one-way ANOVA and l i near contrasts comparing p lasma 

estradiol concentration between groups after one, two or three weeks of PMSG 

treatment gi ven dai l y, every two, three or four days, or one, two or three weeks u nder a 

long day photoperiod receiving no treatment .  

One week 

F df p 

ANOVA 5 .98 1 0, 5 1 0.000 

Linear contrasts F df p 

S O  vs LO 2.30 1 , 5 1  0. 1 35 

S O  vs Saline - - -

S O  vs 20 ID dai l y  0. 1 0  1 , 5 1  0.749 

LO vs 20 ID daily 3.64 1 , 5 1  0.062 

SO vs 40 ID dai l y  0. 8 1  1 , 5 1  0. 373 

LO vs 40 IV daily 6. 1 7  1 , 5 1  0.0 1 6  

S O  vs 20 ID, 2 days 1 .6 1  1 , 5 1  0 .2 1 0  

L O  vs 2 0  ID, 2 days 0. 1 0  1 , 5 1  0.754 

SO vs 40 ID, 2 days 0.24 1 1 , 5 1  0.626 

LO vs 40 ID, 2 d ays 1 .20 1 , 5 1  0 .279 

SO vs 20 ID, 3 d ays 1 . 86 1 , 5 1  0. 1 79 

LD vs 20 ID, 3 days 0.05 1 , 5 1  0.825 

S O  vs 40 ID, 3 days 0.99 1 , 5 1  0.325 

LO vs 40 ID, 3 days 0.35 1 , 5 1 0.557 

S O  vs 20 IV, 4 days 1 3 .50 1 , 5 1  0 .00 1 

LO vs 20 ID, 4 d ays 27 .66 1 , 5 1 0 .000 

S O  vs 40 IV, 4 days 0. 1 2  1 , 5 1  0.727 

LO vs 40 ID, 4 d ays 3 .745 1 , 5 1  0.059 

4.3.5 Distribution of follicle sizes 

F 

3.30 

F 

0.05 

-

-

-

-

-

3 .36  

2 .53  

1 .70 

1 . 1 2  

1 . 1 7  

0.70 

0 .38  

0. 1 4  

0. 1 1  

0 .0 1 

1 2. 1 7 

1 0.54 

Two weeks Three weeks 

df P F df P 

8 , 4 1  0.005 1 0. 1 6  9, 45 0.000 

df p F df P 

1 , 4 1  0 .8 1 8  0.5 1 1 , 45 0.477 

- - 26.64 1 , 45 0.000 

- - - - -

- - - - -

- - - - -

- - - - -

1 , 4 1  0.074 1 . 97 1 , 45 0. 1 67 

1 , 4 1  0. 1 20 0043 1 , 45 0.5 1 6  

1 , 4 1  0.200 3 . 1 5 . 1 , 45 0.083 

1 , 4 1 0.295 1 .05 1 , 45 0.3 10 

1 , 4 1  0.286 0.01  1 , 45 0.928 

1 , 4 1 00407 0.7 1 1 , 45 00406 

1 , 4 1  0.54 1 1 5 . 1 8  1 , 45 0.000 

1 , 4 1  0.7 1 1 2 1 .57 1 , 45 0.000 

1 , 4 1  0.747 2.02 1 , 45 0. 1 62 

1 , 4 1  0.934 4 . 7 1  1 , 45 0.035 

1 , 4 1  0.00 1  \ .0 I 1 , 45 0 .32 1 

1 , 4 1 0.002 3 .07 1 , 45 0.087 

The numbers of fol l icles in each size c lass for ovaries weighing l ess than 1 .00 g were 

s imi lar in long day control birds and b i rds that received PMSG treatment (Figure 4.7, 

see Tables 4 . 7  and 4 .8 for statist ics) . In  ovaries weighing 0.5 1 - 1 .00 g there were some 
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fol l ic l es measuring 5 - 1 0  mm i n  birds held on long days, but these were not present i n  

the ovaries o f  any PMSG treated birds. In ovaries weighing 1 .0 1  - 5 .00 g and 9.0 1 -

1 3 .00 g there were s imi lar numbers of fol l ic les i n  l ong day control birds and PMSG 

treated b irds for each fol l ic le size c lass except for fol l ic les 3-5 mm in  diameter (Figure 

4 .8 ,  see Table 4.9 for stati stics) for which there were s ignificantly more fol l ic les i n  

PMSG treated birds. There were simi l ar numbers of fol l ic les i n  long day b i rds and 

PMS G  treated birds in each size c lass for ovaries that weighed 5.0 1 - 9.00 g, except for 

fol l i cl es 5 - 1 0  mm in  diameter (Figure 4 .8 ,  see Table 4.9 for statistics) .  

Table 4.7. Summary of two sample  Student's t-tests comparing the number of fol l i cles 

in ovarian s ize c lass 0.00-0. 1 5  g between b irds held on long days and b i rds treated w ith 

PMSG every four days. Tests could not be performed when one or both groups had no 

fol l ic l es in a particu lar s ize c lass ( indicated by "No test") .  

Follicle diameter 

Ovary size (g) (mm) 

0.00 - 0. 1 5  1 - 3 

0.00 - 0. 1 5  3 - 5  

t 

1 . 1 7 1  

df 

1 3  

No test 

p 

0.263 

Table 4.8. Summary of one-way ANOV A comparing the number of fol l ic les in ovarian 

s ize c lasses 0. 1 6-0.50 g and 0.5 1 - 1 .00 g between b irds held on long days and b i rds 

treated w ith PMSG every two, three or four  days. Tests cou ld  not be performed when 

one or both groups had no fol l ic les in a part icular s ize c lass ( i nd icated by "No test") .  

Follicle diameter 

Ovary size (g) (mm) F df P 

0. 1 6  - 0.50 1 - 3 0.693 3, 36 0 .562 

0. 1 6  - 0.50 3 - 5  2 .007 3, 35 0. 1 3 1 

0 .5 1 - 1 .00 1 - 3 0.699 3 , 24 0.562 

0 .5 1 - 1 .00 3 - 5  2 .237 3, 24 0 . 1 1 0 

0.5 1 - 1 .00 5 - 1 0  No test 
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Table 4.9. Summary of two sample Student 's  t-tests comparing the number of fol l ic les 

i n  ovarian s ize c lasses 1 .0 1 -5 .00 g, 5 .0 1 -9.00 g and 9.0 1 - 1 3 .00 g between b irds held 

on long days and birds treated with PMSG every two days. Tests cou ld  not be 

performed when one or both groups had no fol l ic les in  a particular size c lass ( indicated 

by "No test") .  

Follicle diameter 

Ovary size (g) (mm) t df P 

1 .0 1  - 5 .00 1 - 3 0.082 1 6  0.935 

1 .0 1  - 5 .00 3 - 5  2 .295 1 6  0.036 

1 .0 1  - 5 .00 5 - 1 0  0 .585 1 6  0.567 

1 .0 1 - 5 .00 1 0 - 1 2  0. 1 93 1 6  0.250 

1 .0 1  - 5 .00 1 2  - 1 4  0 .8 1 6  1 6  0.426 

1 .0 1  - 5 .00 1 4 - 1 6  1 . 392 1 6  0. 1 83 

5 . 0 1 - 9.00 1 - 3 0 .884 1 2  0.394 

5 .0 1 - 9 .00 3 - 5  -0. 1 37 1 2  0 .893 

5 . 0 1 - 9.00 5 - 1 0  2.963 1 2  0.0 1 2  

5 . 0 1 - 9.00 1 0 - 1 2  -0.665 1 2  0.5 1 9  

5 . 0 1 - 9.00 1 2 - 1 4  No test 

5 . 0 1 - 9.00 1 4  - 1 6  1 . 1 1 4 1 2  0.287 

5 . 0 1 - 9.00 1 6  - 1 8  - 1 .230 1 2  0 .242 

5 . 0 1 - 9 .00 1 8  - 20 0. 1 73 1 2  0 . 8 65 

5 . 0 1  - 9 .00 > 20 -0.553 1 2  0 .59 1 

9 .0 1 - 1 3 .00 1 - 3 -2.054 1 3  0.06 1 

9 .0 1 - 1 3 .00 3 - 5  -2.877 1 3  0.0 1 3  

9 .0 1 - 1 3. 00 5 - 1 0  -0.6 1 8  1 3  0 .547 

9 .0 1 - 1 3 .00 1 0 - 1 2  No test 

9.0 1 - 1 3 .00 1 2 - 1 4  - 1 .428 1 3  0. 1 77 

9 .0 1 - 1 3 .00 1 4 - 1 6  0. 1 78 1 3  0 . 8 62 

9 .0 1 - 1 3 .00 1 6  - 1 8  1 .933 1 3  0.075 

9 .0 1 - 1 3 .00 1 8  - 20 - 1 .0 1 3  1 3  0.330 

9 .0 1 - 1 3 .00 > 20 0.000 1 3  1 .000 
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PMSG admin istered to Japanese quai l once every two, three, or four  days for three 

weeks stimu lated ovarian growth in several b irds. However, yel low fol l ic les were 

present in l ess than 6% of the PMSG treated b irds, and on ly  one of these b i rds ovulated 

and produced an egg. In previous experiments i n  which b irds were treated with PMSG 

by dai l y  i njections or continuously by osmotic pump for three weeks, over 25% of 

treated b i rds had l arge yel low fol l ic les i n  the ovary, and smal l yel low fol l ic les had 

developed in  over 50% of PMSG treated b irds. It i s  noteworthy that i n  the previous 

experiments quail held under long days for three weeks showed much greater ovarian 

development than the long day controls i n  the current experiment (no long day fem ales 

laid eggs, whereas in previous experiments 50- 1 00% of birds had started l ay ing  after 

three weeks of long  days) .  The current resul ts therefore do not necessaril y  i nd icate that 

PMSG treatment at i n terval s of greater than one day is i nsuffic ien t  to st imulate 

fol l icu lar growth . If th i s  i s  the case, the fact that few of the PMSG treated b i rds 

developed l arge yel low fol l icles i ndicates that treatment every two, three or four days 

more successfu l l y  mimics long day conditions than dai l y  treatment w i th PMSG. 

Unfortunately,  there have been few experiments in which the frequency of treatment 

w ith PMSG or other gonadotropins has been varied. Zadworny and Etches ( 1 988) 

treated turkeys w ith PMSG every two days, but did not treat any birds wi th dai l y  

injections for comparison. Treatment every two days d id  stimulate ovarian and 

oviductal development i n  turkeys, but l arge yel low fol l ic les were not arranged i n  a 

h ierarchy .  

Dai ly  treatment with PMSG was used i n  the first week o f  this experiment to show that 

this treatment is not sui table for stimul at ing a normal rate of ovarian development. 

Al though b irds treated dai l y  with 20 ru PMSG for one week had ovary and oviduct 

weights that were not s ignificantly differen t  from long day controls ,  the mean ovary and 

oviduct weights tended to be larger in these birds than those held on long  days. 

Treatment wi th PMSG once every four  days did in i t iate ovarian and oviductal 

development in the fi rst two weeks of treatment, but fai l ed to stimulate further growth 

during the th i rd week of treatment. The ovary and oviduct weights of birds treated 
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every two or three days with PMSG were general ly  s imi lar to those of long day 

control s ,  suggest ing that these treatments are the most sui table for mimicking the 

ovarian response to long day conditions. 

Previous experiments In which Japanese quai l  have been treated wi th PMS G  to 

stimulate reproduction have shown that more satisfactory resu l ts are ach ieved when the 

dose of PMSG given i s  changed at weekly interval s .  The results of th is  experiment 

suggest that changing the time between injections at different stages of treatment may 

al so l ead to better results .  After one week of PMSG treatment every three or four days, 

ovary weights were general l y  simi l ar to long day controls ,  but after three weeks of 

treatment every three or four days, ovary weights were s ignificantly smal ler than long 

day controls i n  al l but  the group treated wi th 40 ru PMSG every three days. S im i l arly,  

birds treated every two days with 40 ru PMSG for one week had s imi lar ovary weights 

to birds held on long days. However, after two weeks of treatment, the mean ovary 

weight of b i rds treated every two days with 40 ru PMSG was significantly larger than 

long day contro ls .  It may be that less frequent treatment i s  requ i red to i n i ti ate the early 

stages of ovarian development, but more regular i njections of PMSG are requi red to 

stimu late fol l icu lar growth . Wel l s  et al. ( 1 985) found that PMSG has 60% FSH activ ity 

and onl y  40% LH act iv i ty i n  birds. Onagbesan and Peddie ( 1 988b) showed that FSH 

acts predominant ly on the smal l fol l icles. This  fi nding is supported by the fact that the 

number of FSH receptors in  the granulosa cel l s  decreases as fol l icles move through the 

h ierarchy (Etches and Cheng, 1 98 1 ;  Ritzhaupt and Bahr, 1 987) ,  there is a progressive 

loss of FSH-st imulated progesterone production by granulosa cel l s  of chickens as the 

fol l ic les mature (Hammond et al. , 1 98 1 ) , and the h ighest amount of rat FSH binding  per 

granulosa  cel l  in  h ierarchical fol l icles occurs in  F5 fol l ic les (Masuda et al. , 1 984) . The 

high FSH activ i ty of PMSG may explain why less frequent i njections are able to i n i ti ate 

ovarian growth ,  but not stimulate development of l arge fol l ic les .  

The s imi larity in  fol l i cu lar size distribution between PMS G  treated birds and long  day 

controls was s l ightl y better in  this experiment than in previous experiments. However, 

as with previous experiments, there were significantly more 3-5 mm fol l icles i n  the 

ovaries of PMSG treated birds than in long day controls ,  and some potential reasons for 

this have been discllssed in  the previous chapter. Hammond et al. ( 1 98 1 )  showed that 

avian LH caused a more potent steroidogen ic response from incubated granulosa cel l s  
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from chickens than mammal ian LH. Conversely, mammal i an FSH was more effective 

in  promoting progesterone production from granulosa cel l s  than avian FSH .  As 

di scussed above, PMSG has a h igher FSH acti v i ty than LH activity, and if  the 

mammal i an gonadotropin el ic i ts a more potent response than avian FSH, this may lead 

to excess i ve fol l i cu l ar development in the smal l s ize c lasses. 

In the four PMSG treated birds that did develop large yel low fol l icles in the ovary, these 

were not arranged in a hierarchy. As discussed i n  previous chapters, normal steroid 

feedback mechani sms may not be operat ing in  PMSG treated birds, and as a resul t, 

changes i n  receptor numbers and affin i ty that occur as a fol l icle moves through the 

hierarchy may be disrupted. In normal laying b irds,  there i s  a change in number and 

affin i ty of LH receptors dur ing the last three days of fol l icular maturat ion (F3 to F l ) . I n  

the theca, al though affin ity o f  LH receptors i ncreases three fold from F2 t o  F l ,  the 

number of receptors and receptor binding decreases abruptly (Kikuchi and Ish i i ,  1 992). 

In Japanese quai l  treated with a chicken pitui tary extract there was a sl ight change i n  

LH receptor binding from F2 to F I ,  but this was not as marked as that which occurs i n  

normal l aying  birds (Wakabayashi et al. , 1 996). L H  binding to granulosa cell s  i ncreases 

gradual l y  from F3 to F l  i n  normal l aying hens, but i n  b irds treated with ch icken 

pitui tary extract, there was l i ttle or no change in LH binding to the granulosa 

(Wakabayash i  et al. , 1 996). The disruption to chan ges in LH receptor numbers and LH 

bindi ng may be even more pronounced in  PMSG treated b irds. 

Variation i n  ovanan response between birds may be due potential variation in the 

amount of PMSG that enters the circulatory system fol l owing subcutaneous i njection .  

Most experiments i n  which birds have been treated wi th i njections of exogenous 

gonadotropins  have used in tramuscular s i tes of admin istration (Opel and Nalbandov, 

1 96 1  a; Mi tchel l ,  1 966; 1 967a; 1 967b; Imai , 1 972; Imai et al. ,  1 972;  Reeves et al. , 1 973)  

rather than in travenous or subcutaneous sites. Some studies have used intramuscular 

i njections to st imulate ovarian growth, fol lowed by  i ntravenous treatments to i nduce 

ovulation (Opel and Nalbandov, 1 96 1 a; Mitchel l ,  1 966; 1 967b). Pre l iminary test ing 

carried out  by Phi l l ips ( 1 943) compared the effectiveness of subcutaneous and 

in tramuscu l ar i njections of gonadotropin preparations.  Phi l l ips ( 1 943) found that 

subcutaneous injections of gonadotropin produced a less pronounced response than 

i ntramuscul ar injections, and there was more variation in ovarian response between 
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birds when treated with in tramuscular injections. Van Tienhoven and Schal ly ( 1 972) 

injected laying hens with porcine LHRH to induce premature ovul ation. They 

compared the effectiveness of intravenous injections with in tracarotid injections and 

stated that there was no ev idence that intracarotid  injections were more effective than 

intravenous injections.  However, the data presented suggested that intravenous 

injections were more l ikely to stimulate premature ovulat ion than i ntracarotid i njections 

deli vering the same dose of LHRH. 

Plasma estradiol concentrations are difficult to interpret as there were no clear patterns 

and no significant differences between short day and long day contro ls .  This may be 

due to the fact that very few of the treated or long day control birds had l arge yel low 

fol l icles present in the ovary. However, the birds that did have yel low fol l ic les in the 

ovary did not have hi gher estradiol concentrations than b irds with no yel low fol l ic les .  

There was a weak rel ationship between plasma estradiol concentrations and ovary 

weight in control birds, but no relationship in PMSG treated birds. In contrast, 

Zadworny and Etches ( 1 988) found a positive l i near rel ationship between plasma 

estradiol concentration and ovary and oviduct weight in PMSG treated turkeys .  They 

also showed that p lasma estradiol concentrations were h igher in birds treated with 

higher doses of PMSG .  A s imi lar relationship was not evident i n  th is  experiment. 

PMSG alone may not be sufficient to stimulate development of a normal ovanan 

hierarchy in  Japanese quai l .  Other hormones may need to be given i n  conjunction with 

PMSG to stimu late normal fol l icular development. There are no publ i shed examples in 

which an avian species has been treated with PMSG plus another hormone, but this 

techn ique has been used in  several mammal ian species. Naqvi and Gulyani ( 1 998) 

found that treatment with PMSG in conjunction with four micrograms of B usere l in  

(GnRH) increased the ovulation rate i n  adult sheep above that observed when PMSG 

was used alone. However, PMSG given in conjunction with FSH (0.5 U ovagen)  had 

no effect on ovulation.  PMSG plus progesterone treatment in medroxyprogesterone 

acetate-primed sheep resul ted in normal luteal function, whereas PMSG treatment alone 

caused premature luteal regression in 80% of treated females (Leyva et al., 1 998) .  

PMSG antibodies have been used in conjunction with PMS G  to induce superovu lation 

i n  goats (Pintado et al. ,  1 998) and cattle (Dieleman et al. , 1 993 ; Gonzalez et al., 1 994a, 

1 994b), and resulted in a sign ificantly larger number of viable embryos than PMSG 
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treatment alone. S imi lar treatments have been used i n  non-domesticated specIes. 

Sawyer Steffan et al. ( 1 983)  used a combination of h igh doses of PMSG and hCG to 

induce ovu lation in  bottlenose dolphins ( Tursiops truncatus) . These results show 

clearly that PMSG treatment in conjunction with another hormone is more successful 

than PMSG alone for in i t iat ing reproductive activity in mammal ian species. 

Excessive fol l icular development has occurred in some birds in al l experiments 

described so far, and is one of the predominant anomal ies that occur in response to 

PMSG treatment in Japanese quai l .  There are many potential ways of alteri ng the 

current methodology to overcome the breakdown of the fol l icular h ierarchy, and one of 

these i s  to restrict the amount of food made avai lable to the birds during  the treatment 

period. Feed restriction is commonly  used by the commercial poultry industry to 

restrict fol l icu lar development and increase the rate of l ay in broi ler breeders. When fed 

ad libitum, broi ler breeders show excessive fol l icular growth and develop multiple 

h ierarchies. Thi s  often leads to multiple ovul ations, reduced egg production and poor 

egg qual i ty (Costa, 1 98 1 ) . Restricting feed i ntake in broi lers unt i l  the onset of lay 

increases egg production and improves egg qual i ty .  Potent ial ly ,  feed restriction could 

reduce the number of ovarian fol l i c les that enter the rapid  growth phase in PMSG 

treated birds, leading to development of a fol l icu lar h ierarchy. A decrease in food 

intake may exert an influence on fol l icular development i n  a number of different ways. 

Reduced food intake provides fewer precursors that can be synthesised in to yol k  by the ' 

l i ver, leading to a decrease in  the amount of yolk that can be transported and 

incorporated into developing fol l icles (Hosoda et al. , 1 955) .  A decrease in feed intake 

may lead to a dec l ine in GnRH production from the hypothalamus,  which may resul t  i n  

a decrease i n  LH and FSH secretion from the pituitary gland. Feed restriction i s  known 

to increase p lasma corticosterone concentrations in quai l (Scott et al. ,  1 983) .  

Corticosterone may act on the pituitary gland to inh ibit LH and FSH production , both of 

which are involved in the in i tiation and maintenance of fol l icular growth . 

Corticosterone may also alter the way yolk precursors are synthesi sed by the l i ver. One 

or all of these factors cou ld contribute to a decrease in the number of developing 

fol l i c les i n  hormone treated female quail on a restricted diet. 

In summary, treatment with PMSG every two, three or four  days stimulate a more 

natural rate of ovarian development than dai ly treatment. However, further work i s  
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required to determine appropriate changes in PMSG dose and treatment frequency to 

increase the number of birds that produce large yellow fol l i cles.  Further research i s  also 

requi red to determine the effects of other hormones or a restricted feeding regimen on 

ovarian development i n  Japanese quai l treated with PMSG, and to establ ish a way of 

predicting an ind ividual b ird ' s  response to PMSG prior to treatment. 
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5 Effect of restricted feed and PMSG treatment on 

ovarian development 

5.1  Introduction 

Treatment with PMSG is able to stimulate ovarian development in Japanese quail ,  as 

described in previous experiments. However, when yel low fol l ic les develop i n  response to 

PMSG treatment, they are not arranged in a h ierarchy. Several experiments have been 

carried out exploring the effect of changing the doses of PMSG that are given, and 

changing the frequency of treatment, but breakdown of the fol l icular h ierarchy sti l l  occurs 

in a lmost al l b irds that develop l arge ovarian fol l ic les. It may be that PMSG treatment 

alone w i l l  not stimulate development of a normal fol l icular h ierarchy i n  Japanese quai l .  

Restrict ing the feed intake o f  PMSG treated Japanese quai l  is  one potential way of 

improving the development of a fol l icular hierarchy. This method is used routinely by the 

commercial poul try industry to increase egg production in bro i ler chickens (Costa, 1 98 1 ) . 

Modern broi ler breeders have been selected for faster growth and rapid  weight gain ,  which 

has resul ted in a sharp increase in food consumption . The rapid  i ncrease in body weight 

coinc ides with development of mUltipJe h ierarchies in the ovary, consist ing of l arge 

fol l ic les that are s imi lar in s ize. There are usual l y  1 0- 1 4 l arge yel low fol l icles, wi th 2-3 

fol l ic les at each stage in the h ierarchy (Jaap and Muir, 1 968 ;  Hocking et ai. , 1 987 ,  1 989). 

This resul ts i n  excessive or mul tip le ovulations, i ncreased inc idence of erratic ovipositions, 

and production of defecti ve eggs (Jaap and Muir, 1 968) .  Mul tiple ovulations can be 

internal or lead to multiple-yolk eggs (Conrad and Warren, 1 940), or resul t  in soft, th in or 

poorl y shel led eggs (Hocking,  1 993) .  These are consequences of excessive fol l icular 

recrui tment from the white fol l icles into the h ierarchy of yel l ow fol l ic les (Hock ing  et ai. , 
1 987 ;  1 989). 
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Broi ler breeders are reared on a restricted feeding regimen from three weeks of age unti l  

the onset of l ay,  which decreases body weight i n  commerc ial flocks by up to 40% 

compared with ad lib fed b irds (Costa, 1 98 1 ;  Yu et al . ,  1 992b; Hocking,  1 996). The 

reduction in body weight is concurrent w i th a decrease i n  ovary weight and the 

development of fewer l arge yel low fol l icles that are arranged i n  a s ingle h ierarchy 

( Hocking  et al. , 1 989; Hocking and Robertson , 2000). Thi s  leads to regul ar, s ingle 

ovu lations, improved egg qual ity, and an overal l  increase in egg production (Hocking et al. , 

1 989) .  

It i s  not clear why ad lib fed broi lers produce too many fol l ic les, or how feed restriction 

contro ls  this process. It may simply be that reduced feed in take provides fewer precursors 

for yolk synthes is ,  and consequently, excessive fol l i cu lar development as seen i n  ad lib 

feed broi ler breeders i s  not possi ble .  Hosoda et al. ( 1 955) showed that serum vi te l logenin 

concentrations drop significantly i n  l aying chickens after onl y  two days of fasting ,  and after 

seven days of fasting there were no yolk  fi l led fol l ic les present i n  the ovary. 

It i s  l ikely that feed restrict ion affects the functioning of the hypothalamic-pituitary axis i n  

birds .  I n  mammals, i t  i s  wel l known that under-nutrition leads to  delayed puberty i n  young 

animals,  main ly  due to suppressed GnRH levels ,  which decrease gonadotropi n  

concentrations i n  the pitui tary and p lasma (Bronson , 1 986; Landefe ld e t  al . ,  1 989; Wade et 

al., 1 996). Dunn et al. ( 1 990) found basel ine concentrations of LH to be h igher i n  feed 

restricted broi ler breeders than in ad lib fed ones . In contrast, B ruggeman et al. ( l 998a) 

showed that feed restriction reduces GnRH synthesis in the median eminence and causes a 

decrease i n  p l asma LH concentrations in  broi ler breeder hens.  GnRH i njections resu l ted i n  

s imi lar i ncrease i n  plasma LH, regardless of  feeding regimen , suggesting  that food 

restriction exerts i ts affect at the hypothalamic level or increases the clearance rate of LH 

(Buonomo et al., 1 982). However, B ruggeman et al. ( 1 998b) showed that there is a greater 

LH production in response to GnRH i n  sexual l y  mature restricted fed b i rds, but a reduced 

LH response in birds receiv ing restricted feed during sexual maturat ion.  The precise 
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mechan isms by which restricted feeding  modifies ovanan development thus remams 

unclear. 

The Japanese quai l  used in the experiments described here have been selected for i ncreased 

body weight. As mentioned in Chapter 3, selection for body weight and rapid growth rate 

may have favoured genes for growth hormones and other associated hormones and 

metabol i tes, which may interact to modify production of, or response to, gonadotropins 

(Onagbesan et al. , 1 994; Peddie et al. , 1 994; Roberts et al. ,  1 994, Hocking and 

McCormack, 1 995) .  Hocking and McCormack ( 1 995) have shown that ornithine 

decarboxylase activ ity ( indicator of cel l pro l iferation and differentiat ion,  and hence, rate of 

ti ssue growth) in response to PMSG treatment i s  significantly h igher in broiler chickens 

than in l ayer ch ickens .  Al though Japanese quai l selected for body weight do not show 

excess ive fol l icu lar development as found in broi ler chickens, the changes in endocrine 

function that occur as a resu l t  of selection for body weight may be s im i l ar in chickens and 

quai l .  Therefore, restricting the feed i n take of PMSG treated Japanese quai l  may lead to 

development of an ovarian fol l icular h ierarchy as i t  does in broi ler  chickens. 

A p i lot experiment was carried out to determine an appropriate level of feed restriction for 

female Japanese quai l that would  al low the birds to maintain a healthy body weight. A 

second experiment then examined the effect of a restricted feed ing regime on ovarian 

fol l icu lar development in Japanese quai l  treated with PMSG. 

5.2 Materials and Methods 

5.2.1 Animals 

Female Japanese quai I (n= 1 42)  were purchased at three weeks of age from our normal 

commerc ial supp l ier (Rangitikei Game Farms). Before the start of the experiment, birds 

were maintained under short day condit ions (8L: 1 6D, l QoC) as described i n  Chapter 2 .  
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5.2.2 Hormone preparation and administration 
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Pregnant mare serum gonadotropin (PMSG; Intervet) was kindly donated by Pharmaco 

New Zealand. 

PMSG was dissolved in  sal i ne and administered using injections. Injections were 

admin is tered subcutaneously i n  the abdomen using a 0.5 ml  i nsul i n  syringe and a 27 gauge, 

Y2 i nch needle .  Each bird recei ved a volume of 200 III of solution per i njection, contain ing 

sal ine or 40 or 80 ill PMSG. 

5.2.3 Experimental design 

A smal l p i lot  experiment was carried out to determine by how much the dai l y  feed i ntake of 

female Japanese quai l cou ld be restricted. Thirty-two, s ix  week old female Japanese quai l  

were held w ith ad libitum access to feed and water under a short day photoperiod (LD 8 :  1 6) 

at 1 00e for one week. The food intake of each individual bird was then measured for one 

week. A premeasured quantity ( 1 50 g) of quail pel lets was placed in each feed tray (one 

feed tray/bi rd) at 9 am each day. At 9 am on the fol lowing day, the amoun t  of feed 

remai n ing  in  each tray was weighed and recorded, and the tray fil led again with 1 50 g of 

pel lets .  The body weight and c10acal openi ng diameter of each bird was measured dai l y. 

This process was continued dai l y  for one week, after which the average dai ly  feed in take 

for each i nd ividual bird was calcu lated. 

At eight weeks of age, birds were div ided into groups as shown i n  Tabl e  5 . 1 .  Group 1 

conti nued to recei ve an ad libitum. feed regime, and dai l y  food i ntake was recorded. 

Individuals in groups 2-4 received 80%, 60% or 40% of their average dai l y  feed i ntake. 

The designated quantity of food for each bird was p laced in  the feed tray at 9 am each day. 

At 9 am the fol lowing day, any remain ing food was weighed and recorded, and the tray 

refi l led wi th the amount of food al located to that bird. Body weight, c10acal opening 
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d iameter and egg production were recorded dai l y  for al l birds. Each group received the 

al located level of feed restriction for 1 6  days. B irds were then euthanased using the 

standard method of stunn ing and decapitation . Peritoneal fat, pectoral muscle ,  ovaries and 

oviducts were exci sed from all birds and weighed. B lood samples for radioimmunoassay of 

p lasma estradio l  were col l ected immediate ly  fol lowing decapitation. 

Table 5.1. Feeding schedule for pi lot experiment. 

Age 

7 weeks 

8 weeks 

9 weeks 

10 weeks 

Group 1 

Ad lib feed 

Ad lib feed 

Ad lib feed 

Ad lib feed 

Group 2 

Ad lib feed 

80% feed 

80% feed 

80% feed 

Group 3 

Ad lib feed 

60% feed 

60% feed 

60% feed 

Group 4 

Ad lib feed 

40% feed 

40% feed 

40% feed 

Using the resul ts from the p ilot experiment, an experiment i ncorporat ing restricted feed as 

wel l as PMSG treatment to stimulate ovarian development was designed. One hundred and 

ten, four week old female Japanese quai l were held with ad libitum access to feed and water 

under a short day photoperiod (LD 8: 1 6) at l ooe for one week. The farm was unable  to 

supply 1 1 0 four week old female Japanese quai l  i n  one batch ,  so 46 b irds were col lected 

one week, and 64 birds the fol lowing week. The day after they were brought from the 

farm,  a b lood sample was taken from the wing  vein  of each of the birds col lected on the 

second week. At eight weeks of age, the food i ntake of each individual b ird was measured 

as described for the pi lot  experiment. At n ine  weeks of age, birds were d iv ided i nto groups 

as shown i n  Table 5 .2 .  
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Table 5.2. Experimental groups. 

Group Photoperiod % of daily feed Dose of 

number intake given PMSG/injection 

Short day Ad l ib  

2 Short day Ad l i b  None 

3 Long day Ad l ib None 

4 Long day 80 None 

5 Long  day 60 None 

6 Short day Ad l i b  40 ID 

7 Short day 80 40 ID 

8 Short day 60 40 ID 
9 S hort day Ad l i b  8 0  ID 

1 0  Short day 80 80 ID 

1 1 S hort day 60 80 ID 

Al l  b irds remained under a short day photoperiod at 1 0°C from 9- 1 1  weeks of age and 

received one of three feeding regimes; 60% normal dai l y  intake, 80% normal dail y  i ntake 

or ad lib feed .  The amount of food provided to the 60% and 80% groups was calculated i n  

rel at ion to the mean dai l y  feed i ntake of each b ird .  The designated quant i ty o f  food was 

p laced i n  feed trays at 9 am each day. At 9 am the fol lowing day, any remain i ng  food was 

weighed and recorded, and the tray refiI Ied w i th the amount of food aI Iocated to that bird .  

Al l  b i rds were weighed every second day. If an individual lost condition to the point  where 

the i r  health was serious ly  impai red, then they were removed from the experiment. B i rds 

were maintained on this feeding regime for two weeks before being admin istered wi th 

PMSG or being  transferred to long days. At 1 1  weeks of age, s ix groups started rece iv ing 

PMSG treatment, e ither one injection of 40 ID PMSG every two days, or 80 ID PMSG 

every two days, as wel I  as the aI Iocated feed regimen . Dai ly  food i ntake, body weight and 
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c loacal open ing diameter were recorded. At the same time, three groups were transferred to 

long days at 20°C whi le  sti l l  receiving the a l located amount of feed. One group of birds 

(Group 2) remained on short days with ad lib feed as a contro l .  A second group (Group 1 )  

was euthanased at the start of the PMSG treatment period. 

After three weeks of PMSG treatment and/or restricted feed, al l birds were euthanased. 

The fol lowi ng measurements were taken: ovary weight, oviduct weight, pectoral muscle 

weight, peri toneal fat weight and metatarsus length .  A condition index was calculated for 

each bird us ing the formu la :  

Condit ion index = body weight (g)  / [tarsometatarsus length (cm)]3 

Ovaries were di v ided into five size c lasses (0.00-0. 1 5  g, 0. 1 6-0.50 g, 0.5 1 - 1 .00 g, 1 .0 1 -

5 .00 g, and 5 .0 1 -9.00 g )  and the numbers and sizes of yel low fol l ic les present i n  each ovary 

were recorded. The fol l icular di stribution with in  each ovarian weight c lass was compared 

between control and treated groups receiv ing restricted feed. Terminal blood samples were 

taken for radio immunoassay of plasma estradiol , progesterone and cort icosterone. 

A l l  experimental procedures were approved by the Massey Un iversity Animal Ethics 

Committee . 

5.2.4 Radioimmunoassay for plasma estradiol 

Plasma samples were assayed for estradiol us ing the method described i n  Chapter 2 .  

5.2.5 Radioimmunoassay for plasma progesterone 

5.2.5. 1 Extraction of progesterone from plasma 
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Progesterone was extracted from plasma as described for estradiol i n  Chapter 2 .  However, 

n-hexane was used instead of dichloromethane during the extraction procedure. 

Due to large variations between samples in extraction efficiency, the recovery of 

progesterone during  the extraction process was measured for al l samples by adding  20 III of 

tri t iated progesterone solution (5 000 cpm) to each sample, with indiv idual efficiencies 

used in  calcu l at ions of plasma progesterone concentrat ions. The mean percentage recovery 

for progesterone in quai l p lasma was 54.0% ± 0.7% (n=384) with a range from 2 l .9% to 

90.2%.  

5.2.5.2 Radioimmunoassay o/progesterone 

Progesterone concentrations were measured III extracted quai l p lasma by 

radioimmunoassay us ing the same procedure as described for estradiol (Chapter 2) but w ith 

progesterone antibody (Dr. R.  1.  Etches, Univers i ty of Guelph, Ontario, Canada; 1 :4 000 

final d i lut ion) and progesterone l abel (trit iated progesterone, approximately 5 000 cpm, 

Amersham, UK). 

The sensitiv i ty of the radioimmunoassay for progesterone was determined as the hormone 

concentration at the mean minus two standard deviations from the percentage bound of the 

zero hormone tubes. The sensitiv i ty was 62.8 pg/ml on the standard curve, which was 

equivalent to a progesterone concentration in quail p lasma of 0.622 ng/ml (n=7 assays) .  

Serial d i lutions of extracted quai l plasma in  assay buffer (PBSG) were paral l e! to  the 

progesterone standard curve (n=3). Recovery of progesterone added to quai l  p lasma was 

90.9 ± 3 .9%, 93 .3  ± 3 . 6% and 90.6 ± 3 . 1 % for three different samples (W.H. Chua, pers. 

comm. ) .  

Sol utions of  progesterone in  PBSG at concentrations that gave approximately 20, 50  and 

80% binding on the standard curve were used as h igh, medium and low qual ity controls i n  

every assay. The mean concentrations of these solutions were 2384.2 ± 1 97 .8 , 682.7 ± 56.7 
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and 270.9 ± 46.5 pg/ml respecti vely .  Intra-assay coefficients of variation for progesterone 

were determ ined by conducting an assay with ten dupl icates of each qual i ty contro l .  The 

i ntra-assay coefficients of variation for estradiol were 6 .7%, 7 .7% and 1 3 .9% for h igh, 

medium and low qual i ty controls respecti vely. Inter-assay coefficients of variation were 

calcu lated from dupl icates of the qual ity controls  inc luded at the beginning and end of each 

assay. The inter-assay coefficients of variation for seven assays were 8 . 3%, 8 . 3% and 

1 7 .2% for h igh,  medium and low qual ity contro ls  respectively. 

The cross-reactivity of the progesterone antibody was reported by Etches and Croze ( 1 983)  

as  fol lows: 5a-pregnane-3,20-dione ( 1 5 .6%),  5 �-pregnane-3,20-dione (6.7%), 1 1 �­

hydroxyprogesterone (5 .4%), and cholestero l ,  testosterone, 1 7�-estradio l ,  cortisol , 

corticosterone, deoxycorticosterone ,  1 7a-hydroxyprogesterone, pregnenolone, 5a-pregnan-

3a-ol-20-one, 4-pregnene-20�-01-3-one, 4-pregnen-20a-ol-3-one, 5�-pregnan-3a-ol-20-

one, 5�-pregnan-3 �-01 -20-one, 5a-pregnan-3�-01-20-one (al l < 1 .0%). 

5.2.6 Radioimmunoassay for plasma corticosterone 

5.2.6. 1 Extraction of corticosterone from plasma 

Corticosterone was extracted from plasma as described for estradiol in Chapter 2 .  The 

recovery of corticosterone during the extraction process was measured by adding 20 �I of 

triti ated corticosterone solution (5 000 cpm) to 48 samples in a s ingle extraction . The mean 

percentage recovery for corticosterone in quail p lasma was 1 0 l .0% ± l .7%.  

5.2.6.2 Radioimmunoassay of corticosterone 

Plasma corticosterone radioimmunoassays were carried out by Mrs. Jan i s  Bridges. 

Corticosterone concentrations were measured 1 11 extracted quai l p lasma by  

radioimmunoassay us ing  the same procedure as  described for estradiol (Chapter 2) bu t  w ith 
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corti costerone antibody (Dr. R. J .  Etches, Univers i ty of Guelph, Ontario, Canada; 1 :  1 8  000 

final d i lution) and corticosterone l abel (tritiated corticosterone, approximately 5 000 cpm, 

Amersham, UK). 

The sensit ivi ty of the rad ioimmunoassay for corticosterone was determined as the hormone 

concentration at the mean minus two standard dev iations from the percentage bound of the 

zero hormone tubes. The sensit iv i ty was 30.4 pg/ml on the standard curve, which was 

equ ivalent to a corticosterone concentration in quai l p lasma of 0.73 ng/ml (n= 1 2  assays) .  

Serial  di lut ions of extracted quai l p lasma in assay buffer (PBSG) were paral lel to the 

corticosterone standard curve (n=3) .  Recovery of corticosterone added to quai l p lasma was 

93 .9 ± 4.9%, 98.6 ± 7 . 3% and 88.9 ± 5.5% for three different samples (D. C. Adams, pers . 

comm.) .  

Solutions of corticosterone  in  PBSG at concentrations that gave approximatel y  20, 50 and 

80% binding on the standard curve were used as h igh, medium and l ow qual ity controls i n  

every assay . The mean concentrations of these solutions were 1 4 1 4 .6  ± 54.3 , 309.6 ± 1 3 .2  

and 60 .5  ± 1 0.0 pg/ml respectively. Intra-assay coefficients of variation for corticosterone 

were determined by conducting an assay with ten dupl icates of each qual i ty contro l . The 

i ntra-assay coefficients of variation for corticosterone were 1 3 .2%, 1 4.8% and 1 3 .4% for 

h igh,  medium and low qual ity controls respectively .  Inter-assay coefficients of variation 

were calculated from dupl icates of  the qual i ty contro ls  inc luded at  the beginning and end of 

each assay. The i nter-assay coefficients of  variation for five assays were 1 1 .9%, 1 6.2% and 

1 9 .5% for h igh, medium and low qual i ty controls respective ly .  

The cross-reactivity of  the corticosterone antibody with other steroids was reported by 

Etches ( 1 976) as fol l ows: deoxycorticosterone (27 .9%), cortisol (6 .9%),  progesterone 

(37 .6%) ,  1 1  P-hydroxyprogesterone (2 1 .3%) and estradiol , testosterone, 1 7u­

hydroxyprogesterone ,  I -deoxycortisol, aldosterone and pregnenolone « 5%).  Although th is  

antibody was found to cross-react with progesterone and 1 1  p-hydroxyprogesterone, these 

hormones are poorly extracted in dichloromethane, so corticosterone is the predominant  

hormone measured by  th i s  antibody. 
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Figure 5. 1 .  Changes in body weight in female Japanese quai l  held on short days 
for whi le  receiv ing ad libitum feed or 80%, 60% or 40% of their normal daily  feed 
intake. 
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Al l  variables were tested for homogeneity of variance using Levene ' s  test. When variances 

were homogeneous across groups for a single variable, ANOV A fol lowed by l i near 

con trasts were used to analyse data. Linear contrasts were used rather than B onferroni '  s 

posthoc tests due to the l arge number of comparisons .  When variances were not 

homogeneous across groups,  Kruskal-Wal l i s  non-parametric ANOVA fol lowed by Mann­

Whitney U tests were performed to  determine  differences between groups .  One-way 

ANOVA or S tudent ' s  t-tests were used to analyse fol l icular s ize frequency d istribution 

data. Repeated measures ANOV A was used to analyse changes in cloacal d iameter over 

t ime. Relat ionships between variables were investigated using  l inear regression to calculate 
? 

r- values. 

ANOV As and non-parametric equivalents were carried out using Systat Version 8.0 (SPSS 

Inc . ,  1 988),  and relat ionships between variables (l i near regression) were analysed using  

GraphPad Pri sm Version 3 .0 (GraphPad Software Inc . ,  1 999). Data were transformed to 

logarithms where necessary. Data are shown as mean ± standard error. 

5.3 Results 

5.3.1 Pilot experiment 

An indi vidual female Japanese quai l eats approximately 35 grams/day of food when under 

a short day photoperiod. Each bird eats a simi lar amoun t  each day, and the average dai l y  

i n take for birds o n  short days ranges from 20 g to 65 g. The p i lot experiment showed that 

40% of a bird ' s  normal dai ly  feed intake is  not sufficient to maintain a heal thy weight and 

body condition (Figure 5 . 1 ) . The body weight of birds receiv ing ad lib feed conti nued to 

increase duri ng  the experiment. B irds receiv ing 60% or 80% of their  normal dai l y  feed 
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Figure 5.2. Body weight, c loacal diameter, ovary weight, oviduct weight, pectoral 
muscle weight, peritoneal fat weight, condition index and p lasma estradio l  
concentration i n  female Japanese quail after 16  days receiv ing ad l ib , 80% or 60 % 
of normal dai l y  feed i ntake during the p i lot experiment. 
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intake l ost weight i n i tia l l y, but then stab i l i sed after approx imately eight days on restricted 

feed .  B i rds that were receiv ing 40% of thei r dai l y  feed i n take l ost weight rapidly, and were 

returned to ad lib feeding after only s ix  days on restricted feed. 

TabJe 5.3. S ummary of one-way ANOV A comparing body weight, c l oacal diameter, ovary 

weight, oviduct weight, peri toneal fat weight ,  pectoral muscle weight, condition i ndex and 

p l as m a  estradiol  concentration between groups recei ving ad lib feed, 80% or 60 of normal 

d ai l y  feed i n take for 1 6  days. 

VariabJes F df p 

B ody weight 0.588 2,  1 9  0.565 

Cloacal diameter 0. 876 2, 1 9  0.433 

O vary weight 0 .220 2,  1 9  0. 804 

Oviduct weight 0.655 2,  1 9  0.53 1 

Peri toneal fat weight 5 .280 2,  1 9  0.0 1 5  

Pectoral muscle weight 0.236 2 ,  1 9  0.729 

Condi t i on index 1 .269 2, 1 9  0. 304 

Plasma estradiol 3 . 249 2, 1 9  0.06 1 

A feeding  regime of 80% or 60% of normal dai l y  feed intake did not have any significant 

effect on body weight, cloacal diameter, ovary weight, oviduct weight, pectoral muscle 

weight, condit ion index or p lasma estradiol concentration (Figure 5 .2 ;  Table 5 .3 ) .  There 

was a s ign ificant difference in the peri toneal fat weight between birds receiving ad lib feed 

and those receiv ing 60% of normal dai l y  i ntake (p = 0.023) .  

Results  from the pi lot experiment showed that restricted feeding reg imes of 60 or 80% of 

normal dai l y  feed intake do not adversely affect the health of female Japanese quai l ,  and 

therefore coul d  be used in the next experiment. 
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Figure 5.3. Changes i n  cloacal d iameter i n  birds held under a short day photoperiod 
receiv i ng  ad lib, 80% or 60% of normal dai ly feed in take and treated w ith 40 or 80 
ill PMSG every two days for three weeks,  or held on short days or long days for 
three weeks receiv ing  no treatment. Day 1 5  was the first day of PMS G  treatment or 
long days. 
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Figure 5.4. Mean c loacal d iameter of female Japanese quail after three weeks on 
short days, long days receiv ing ad lib, 80% or 60% normal dai ly  feed i n take, or short 
days receiv ing  ad lib, 80% or 60% normal dai l y  feed intake plus treatment wi th 40 
or 80 ID PMSG every two days. 
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5.3.2 Cloacal opening diameter 

There was l i tt le or no change in cloacal opening diameter during the two weeks i n  which 

birds received restricted feeding regimes but no PMSG treatment (Figure 5 .3 ,  see Table 5.4 

for statistics) .  Cloacal diameter increased in PMSG treated groups and groups transferred 

to long days dur ing the treatment period. There was no increase i n  c\oacal diameter i n  

birds held on short days receiving no  treatment .  

Table 5.4. Summary of one-way repeated measures ANOV A compari ng  changes i n  

cloacal opening diameter in each group during two weeks of  ad l ib, 80% or  60% normal 

dai ly feed i ntake alone, and three weeks receiving an al located feeding regime and 

treatment every two days with 40 or 80 IU PMSG, or transfer to a long day photoperiod. 

Group for three week Two weeks before PMSG Three week PMSG treatment 
PMSG treatment treatment period 

period 
F df p F df P 

Short d ay 0.43 1 3, 24 0.733 1 . 1 00 1 1 , 88 0.37 1 

Long d ay ad l ib feed 0.448 3, 27 0.720 22.535 1 1 , 99 0.000 

Long d ay 80% feed 2 .6 1 4  3 , 27 0.072 1 3 .976 1 1 , 99 0.000 

Long day 60% feed 3 . 266 3 , 27 0.037 1 3 .795 1 1 , 99 0.000 

40 ID PMSG ad l ib  feed 1 .279 3, 27 0.302 25 .3 1 2  1 1 , 99 0.000 

40 ID PMSG 80% feed 2 .984 3, 27 0.049 2 1 .254 1 1 , 99 0.000 

40 ID PMSG 60% feed 1 . 1 78 3, 27 0.337 26.0 1 5  1 1 , 99 0.000 

80 IV PMSG ad l ib feed 2 .658 3,  27 0.068 35 .525 1 1 , 99 0.000 

80 ID PMSG 80% feed 1 .285 3,  27 0. 300 22.99 1 1 1 , 99 0.000 

80 ID PMSG 60% feed 1 . 887 3, 27 0. 1 56 34.920 1 1 , 88 0.000 

At the end of the experiment there were s ignificant differences between groups i n  the mean 

c loacal opening diameters (Figure 5 .4, see Table 5 .5 for statistics). The mean c loacal 
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Figure 5.5. Changes i n  body weight in birds held under a short day photoperiod 
rece iv ing  ad lib, 80% or 60% of normal dai ly  feed intake for and treated wi th 40 or 
80 TU PMSG every two days for three weeks, or held on short days or long  days for 
three weeks receiving no treatment. Day 1 5  was the first day of PMSG treatment or 
l ong  days. 
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diameter of b irds receiving 60% feed was s ignificantly smal ler than birds receiv ing ad lib 

feed. The mean c Joacal diameters of birds treated with 40 or 80 IU PMSG were 

s ignificant ly  l arger than those of birds held on long days, regardless of feeding regime. Al l  

PMSG treated groups had cloacal diameters s imi lar to birds he ld on long days rece iv ing ad 

lib feed. The mean cloacal di ameters of birds on long days receiv ing 80% or 60% feed 

were s ign ificantly smal ler than birds recei v ing ad lib feed on long days. However, there 

was no d ifference between the 60% and 80% groups on long days. There was no  effect of 

feeding  regime on c Joacal opening diameter in any of the PMSG treated groups. 

5.3.3 Body weight and condition index 

The mean body weights of al l groups receiving ad lib or 80% feed s ign ificantly i ncreased 

during the first two weeks (Figure 5 .5 ,  see Table 5 .6  for statistics). During  this period, the 

three groups receiv ing 60% of normal dai l y  feed intake showed no s ignificant i ncrease i n  

body weight. The mean body weights of  a l l  groups i ncreased significantly duri n g  the last 

three weeks on a l l  photoperiods, level s of feeding and PMSG treatments. 

A condition i ndex was calculated to al low for differences in body s ize between b irds .  Body 

weight data are also shown to indicate how body weight results alone may be 

mis i nterpreted.  There were significant d ifferences in mean body weights and condit ion 

indices between al l  groups at the end of the experiment (Figure 5.6; see Table 5 .7 for 

statistics ) .  Ad lib fed birds had significantly l arger mean condition i ndices than b i rds given 

80% or 60% feed.  There were no differences in mean body conditions between b i rds held 

on long days and birds treated with 40 or 80 IU PMSG regardless of feedi ng reg ime. The 

mean condition index of birds held on long days receiving ad lib feed was s ignificantly 

larger than any of the groups receiving  60% feed. Ad lib fed long day b irds a lso had a 

s ign ifi cant ly greater body condition than b i rds given 80% feed on long days. There was no 

effect of feeding regime on body condit ion within the groups treated with 40 IU PMSG. 

B i rds treated with 80 IU PMSG receiv ing  ad lib or 80% feed had s ignificant ly greater body 

condit ions than b irds given 60% feed and 80 IU PMSG. 
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Table 5.5. Summary of  one-way ANOV A and l inear contrasts comparing cloacal opening 

diameter between groups at the end of the experiment. 

ANOVA F df p 

All groups 1 2.886 1 0, 95 0.000 

Linear contrasts F df p 

All A d  lib feed vs Al l  80% feed 3 . 8 9 1  1 , 95 0.05 1 

All  Ad lib feed vs Al l  60% feed 1 0.089 1 , 95 0 .002 

All SO% feed vs All 60% feed 1 . 579 1 , 95 0 .2 1 2  

All  Long day  vs All  4 0  IV PMSG 24.999 1 , 95 0 .000 

All  Long day vs Al l  SO IV PMSG 27 .087 1 , 95 0.000 

All  40 IV PMS G  vs A l l  80 IV PMSG 0.042 1 , 95 0 .S38  

L o n g  d a y  ad lib feed v s  S hort day 30.235 1 , 95 0.000 

Long day ad lib feed vs 40 IU PMSG ad lib feed 1 .027 1 , 95 0 . 3 1 4  

Long day ad lib feed vs 40 IV PMSG 80% feed 0.342 1 , 95 0.560 

Long day ad lib feed vs 40 IU PMSG 60% feed 0.526 1 , 95 0.470 

Long day ad lib feed vs SO IV PMSG ad lib 2.350 1 , 95 0. 1 29 

Long day ad lib feed vs 80 IV PMSG 80% feed 0.949 1 , 95 0 .332 

Long day ad lib feed vs SO IU PMSG 60% feed 0.037 1 , 95 0.849 

Long day ad l ib feed vs Long day 80% feed 5 .901  1 , 95 0 . 0 1 7 

Long day ad lib feed vs Long day 60% feed 1 5 .5 1 8  1 , 95 0.000 

Long day 80% feed vs Long day 60% feed 2.480 1 , 95 0. 1 1 9 

40 r u  PMSG ad lib feed vs 40 ru PMSG 80% feed 0. 1 84 1 , 95 0 .669 

40 ru PMSG ad lib feed vs 40 ru PMSG 60% feed 0.068 1 , 95 0 .794 

40 ru PMSG SO% feed vs 40 ru PMSG 60% feed 0.024 1 , 95 0.876 

SO IU PMSG ad lib feed vs 80 IU PMSG 80% feed 0.588 1 , 95 0.445 

80 ru PMSG ad lib feed vs 80 ru PMSG 60% feed 1 .692 1 , 95 0 . 1 96 

80 r u  PMSG 80% feed vs 80 ru PMSG 60% feed 0.573 1 , 95 0.45 1 
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Figure 5.7. Mean peri toneal fat weight and pectoral muscle weight of female 
Jap anese quai l  after three weeks on short days, long days receiving ad lib, 80% or 
60% normal dai l y  feed intake, or short days receiv ing ad lib, 80% or 60% normal 
dai l y  feed i n take plus treatment with 40 or 80 ru PMSG every two days. 
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Table 5.6. Summary of one-way ANOV A comparing changes in  body weight i n  each 

group during two weeks of ad l ib, 80% or 60% normal dai l y  feed intake alone, and three 

weeks receiv ing an al located feeding regime and treatment every two days wi th 40 or 80 IU 

PMSG, or transfer to a long day photoperiod. 

G roup for three week 
Two weeks before PMSG Three week PMSG treatment 

PMSG treatment 
treatment period 

period 

F df p F df P 

S hort day 9.308 4, 32 0.000 29.79 1 5 , 40 0.000 

Long day ad l ib  feed 9.54 1 4, 36 0.000 36.973 5 , 45 0.000 

Long day 80% feed 2.809 4, 36 0.040 8 .570 5 , 45 0.000 

Long day 60% feed 2.479 4, 36 0.06 1 1 7 .936 5 , 45 0.000 

40 ID PMSG ad l ib feed 39.9 1 6  4, 36 0.000 24.404 5 , 45 0.000 

40 IV PMSG 80% feed 9.958 4, 36 0.000 2 ]  .440 5 , 45 0.000 

40 ID PMSG 60% feed 2.250 4, 36 0.083 1 6 .682 5 , 45 0.000 

80 ID PMSG ad l ib  feed 1 7 .020 4, 36 0.000 24.73 1 5 , 45 0.000 

80 IV PMSG 80% feed 8 .928 4, 36 0.000 1 4.336 5 , 45 0.000 

80 ID PMSG 60% feed 0. 1 93 4, 36 0.94 1 14 .239 5 , 40 0.000 

5.3.4 Peritoneal fat weight 

There were s ign i ficant differences in mean peritoneal fat weights between al l groups at the 

end of the experiment (Figure 5 .7 ,  see Table  5 .8  for statistics). In long  day groups and 

groups  treated w i th PMSG, ad lib fed birds had s ign ificantly more peritoneal fat than b irds 

given 80% or 60%.  The mean fat weights of birds held on long days were s ign ifi cant ly 

greater than those of b irds held on short days treated with PMSG. B i rds held on long days 

and g iven ad lib feed had significantly more peritoneal fat that any of the PMSG treated 

groups, except for b irds treated with 40 TU PMSG receiving ad lib feed.  There was no 

d ifference i n  mean peritoneal fat weight between long day and short day controls .  
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Table 5.7. Summary of one-way ANOVA and l i near contrasts comparing body weight and 

condit ion index between groups at the end of the experiment. 

Body weight Condition index 

ANOVA F df P F df P 

All  groups 5 .4 1 1 9, 86 0.000 2 .2 1 6  9 , 86 0.028 

Linear contrasts F df P F df p 

All Ad lib feed vs All  80% feed 8 .989 1 , 86 0.003 4 .20 1 1 , 8 6 0.043 

All Ad lib feed vs All 60% feed 25 .920 1 , 86 0.000 1 5 .633 1 , 86 0.000 

All 80% feed vs All 60% feed 4. 722 1 , 86 0.032 3 .837  1 , 86 0.053 

All Long day vs All  40 IU PMSG 0.478 1 , 86 0.49 1 0.007 1 , 86 0.934 

All Long day vs All  80 IU PMSG 0.004 1 , 86 0.949 0.000 1 , 8 6 0.999 

All 40 IU PMSG vs All 80 I U  PMSG 0. 394 1 , 86 0.532 0.007 1 , 86 0.935 

Long day ad lib feed vs S hort day 1 4 .737 1 , 86 0.000 3 .007 1 , 86 0.086 

Long day ad lib feed vs 40 IU PMSG ad lib feed 0.984 1 , 86 0. 324 1 .742 1 , 86 0. 1 90 

Long day ad lib feed vs 40 I U  PMSG 80% feed 1 0.354 1 , 86 0 .002 3 .77 2  1 , 86 0.055 

Long day ad lib feed vs 40 IU PMSG 60% feed 1 5 .903 1 , 86 0.000 4.459 1 , 8 6 0.038 

Long day ad lib feed vs 80 IU PMSG ad lib 3 . 1 99 1 , 86 0.077 0.236 1 , 8 6  0.628 

Long day ad lib feed vs 80 IU PMSG 80% feed 2.959 1 , 86 0.089 1 .669 1 , 8 6 0.200 

Long day ad lib feed vs 80 IU PMSG 60% feed 1 2.9 1 1  1 , 86 0.00 1  1 1 .669 1 , 8 6 0.00 1 

Long day ad lib feed vs Long day 80% feed 9.2 1 6  1 , 86 0.003 4.503 1 , 8 6 0.037 

Long day ad lib feed vs Long day 60% feed 1 5 .554 1 , 86 0.000 9.475 1 , 8 6 0.003 

Long day 80% feed vs Long day 60% feed 0.978 1 , 86 0 .325 1 .026 1 , 8 6 0.3 1 4  

40 I U  PMSG ad lib feed vs 40 I U  PMSG 80% feed 4.953 1 , 86 0.028 0 .387 1 , 86 0.535 

40 IU PMSG ad lib feed vs 40 IU PMSG 60% feed 9 . 1 33 1 , 86 0.003 0.684 1 , 86 0.4 1 0  

40 I U  PMSG 80% feed vs 40 IU PMSG 60% feed 0.7 32 1 , 86 0. 394 0.049 1 , 86 0.825 

80 I U  PMSG ad lib feed vs 80 IU PMSG 80% feed 0.005 1 , 86 0.946 0.649 1 , 86 0.423 

80 IU PMSG ad lib feed vs 80 I U  PMSG 60% feed 3 .43 1 1 , 86 0.067 8 .660 1 , 8 6 0.004 

80 IU PMSG 80% feed vs 80 IU PMSG 60% feed 3 .682 1 , 86 0.058 4 .660 1 , 8 6 0.034 
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TabJe 5.8. Summary of one-way ANOV A and l i near contrasts comparing peri toneal fat 

weight between groups at the end of the experiment. 

ANOVA F df p 

A l l  groups 6.559 9, 86 0 .000 

Linear contrasts F df P 

All Ad lib feed vs Al l  80% feed 20. 1 2 1  1 , 86 0 . 000 

All Ad lib feed vs All 60% feed 29.598 1 , 86 0 .000 

All 80% feed vs All 60% feed 1 . 1 54 1 , 86 0 .286 

All Long d ay vs A l l  40 ID PMSG 4.220 1 , 86 0 .043 

All Long d ay vs A l l  80 IV PMSG 8 . 1 67 1 , 86 0.005 

All 40 TU PMSG vs All  80 IV PMSG 0.645 1 , 86 0 .424 

Long day ad lib feed vs S hort day 0.033 1 , 86 0 .856 

Long day ad lib feed vs 40 IV PMSG ad lib feed 3 . 6 1 4  1 , 86 0 .06 1 

Long day ad lib feed vs 40 IV PMSG 80% feed 1 7 .650 1 , 86 0 . 000 

Long day ad lib feed vs 40 IV PMSG 60% feed 1 7 . 849 1 , 86 0.000 

Long day ad lib feed vs 80 IV PMSG ad lib 3 .958 1 , 86 0 . 050 

Long day ad lib feed vs 80 IV PMSG 80% feed 22.09 1 1 , 86 0 . 000 ' 

Long day ad lib feed vs 80 IV PMSG 60% feed 25.400 I ,  86 0 . 000 

Long day ad lib feed vs Long day 80% feed 7 .65 1 1 , 86 0 . 007 

Long day ad lib feed vs Long day 60% feed 1 5 .564 1 , 86 0 . 000 

Long day 80% feed vs Long day 60% feed 1 .569 1 , 86 0 . 2 1 4  

40 IV PMSG ad lib feed vs 40 I V  PMSG 80% feed 5 . 29 1  1 , 86 0 . 024 

40 IV PMSG ad lib feed vs 40 IV PMSG 60% feed 5 .638 1 , 86 0 .020 

40 IV PMS G  80% feed vs 40 IV PMSG 60% feed 0.0 1 8  1 , 86 0 .892 

80 IV PMSG ad lib feed vs 80 I V  PMSG 80% feed 7 . 306 1 , 86 0 .008 

80 I V  PMSG ad lib feed vs  80 I V  PMSG 60% feed 9.63 1 1 , 86 0.003 

80 I U  PMSG 80% feed vs 80 ID PMSG 60% feed 0.223 1 , 86 0 .638 
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Figure 5.8. M ean peri toneal fat weight CA) and pectoral muscle weight CB) of 
female Japanese quai l ,  d iv ided into those that had la id and those that had not la id 
after three weeks on short days, long days rece iv ing ad lib, 80% or 60% normal 
dai l y  feed i ntake, or  short days receiving ad lib, 80% or 60% normal dai l y  feed 
i ntake p lus  treatment  wi th 40 or 80 ru PMSG every two days. 
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There were no s ignificant differences in  mean peritoneal fat weights between b irds that had 

la id and those that had not laid in  the long day groups or either of the PMSG treated groups. 

(Figure 5 . 8 ,  see Table 5 .9  for statistics). 

Table 5.9. Summary of t-tests comparing peri toneal fat weight and pectoral muscle weight 

in birds that laid wi th those that did not lay. 

Peritoneal fat weight Pectoral muscle weight 

G roup t df p t df P 

A 1 1 10ng day 1 .320 27 0. 1 98 0.665 27 0.5 1 2  

A 1 1 40 IV PMSG 0.548 27 0.588 3 .387 27 0.002 

Al l  80 IV PMSG 0.985 27 0.334 0.499 27 0.622 

5.3.5 Pectoral muscle weight 

The mean pectoral muscle weights did not differ s ignificant ly between groups at the end of 

the experiment (F9, 86 = 1 .406, p=0. 1 98 ;  Figure 5 .7 ) ,  although l inear contrasts showed that 

ad lib fed groups had s ignificant ly l arger mean pectora] muscle weights than groups g iven 

60% feed (F 1 , 86 = 1 0 .499, p=0.002). 

There were no s ignificant differences in  mean pectoral muscle weights between b irds that 

la id and those that had not laid in  groups held on long days or treated with 80 ID PMSG 

(Figure 5.8 ,  see Table 5.9 for statistics). In groups treated wi th 40 ID PMSG, there was a 

s ignificant d ifference i n  pectoral muscle weight between birds that had laid and those that 

had not l aid .  
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5.3.6 Ovulation and oviposition 

A total of 86 shel led eggs were either laid duri ng  the experiments or removed from the 

oviduct at the t ime of dissection (Tables 5 . 1 0  and 5 . 1 1 ) . Three oocytes were also found i n  

the peritoneal cavity of  b irds at the time of dissection . PMSG treated birds produced 33  

shel led eggs, w i th  almost five times more eggs from birds treated with 40 ill than wi th 80 

ill . There was a marked effect of feed intake on egg production in  birds held on long days. 

B i rds receiving 80% feed produced half as many eggs as ad lib fed birds, wi th  b i rds 

receiv ing 60% feed not l aying at al l on long days. Long day birds laid twice as many eggs 

as b irds treated w i th 40 ill PMSG. 

Eggs laid by birds held on long days were within the normal size and weight range for the 

strain of Japanese quai l .  Al l eggs were ful l y  shel led and pigmented. Eggs l aid by  PMSG 

treated birds varied considerably in  quality. Several of  the eggs were undersized and 

i ncompletel y  shel led or pigmented. The birds that started l aying in  response to a long day 

photoperiod laid  an egg every day in sequences of about six to ten eggs. This was not the 

case for PMSG treated birds in  which eggs were l aid sporadical ly ,  with no identifiable 

pattern in oviposit ion . 
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Table 5.10. Egg laying record for individual birds on long days (LD) or receiving 40 IU or 

80 IV PMSG every two days. 

Day of treatment 

Treat-

ment Feed 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 2 1  Ovid' Total 

LD ad lib 1 1 1 1 1 1 1 1 1 1 1 1 1  

LD ad lib 1 1 1 1 1 1 1 1 8 
LD ad lib 1 1 1 1 1 1 1 1 8 
LD ad lib 2 1 1 1 1 1 1 8 
LD 80% 1 1 1 1 1 1 1 1 1 9 

LD 80% 1 1 1 1 1 1 1 1 1 9 

40 IU ad  lib 1 2 1 4 
40 IU ad lib 2 1 3 

40 IU ad lib 1 1 1 2 5 

40 IU ad lib 1 2 3 

40 IU 80% 1 1 

40 IU 80% 1 1 

40 IU 60% 1 1 1 1 4 
40 IU 60% 1 1 2 

40 IU 60% 1 1 2 

40 IU 60% 1 1 

40 IU 60% 1 1 

80 IU ad lib 1 1 

80 IU 80% 1 1 

80 IU 80% 1 1 1 3 

80 IU 80% 1 1 

80 IU 60% 1 1 2 

80 IU 60% 1 1 2 

80 IU 60% 1 1 

• Egg in oviduct on dissection. 
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A 

Held on long days for 3 weeks 
Received ad Jib feed 

Treated with 40 IU PMSG every 2 days for 3 weeks 
Received 80% of normal daily food Intake 

Figure 5.9. Variation in ovarian and oviductal development in Japanese quail held 
on a long day photoperiod receiving ad lib feed CA) and treated with 40 IV PMSG 
every two days for three weeks while receiving 80% of normal daily feed intake (B). 
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Figure 5.10. M ean ovary weight and oviduct weight of Japanese quai l after three 
weeks on short days, long days receiving ad lib, 80% or 60% normal dai l y  feed 
i ntake, or short days receiv ing ad lib, 80% or 60% normal dai l y  feed i n take plus 
treatment w ith 40 or 80 IU PMSG every two days. 
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Figure 5. 1 1 .  M ean ovary weight (A) and oviduct weight (B) of female Japanese 
quai l ,  d ivided i nto those that had l aid  and those that had not l aid  after three weeks 
on short days, long days receiv ing ad lib, 80% or 60% normal dai l y  feed in take, or 
short days receiv ing ad lib, 80% or 60% normal dai l y  feed intake plus treatment 
wi th 40 or 80 IU PMSG every two days. 
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Figure 5.12. Relationships between ovary weight and peritoneal fat and pectoral 
muscle weight in Japanese quai l  after three weeks on short days, long days 
receiv ing ad lib, 80% or 60% normal dai ly  feed intake, or short days receiv ing ad 
lib, 80% or 60% normal dai l y  feed i ntake plus treatmen t  with 40 or 80 TU PMSG 
every two days. 
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Table 5.1 1 .  Total number of eggs la id by birds on long days (LD) or receiving 40 ill or 80 

ru PMSG every two days. 

Treatment Feed Total 

Ad lib 80 % 60 % 

Long day 35 1 8  0 53  

40 IV PMSG I S  2 1 0  27 

80 IV PMSG 1 5 0 6 

5.3.7 Ovarian development 

Treatment with 40 or 80 IU PMSG stimulated ovarian development in Japanese quai l but, 

as in previous experiments, there was considerable variation i n  ovarian growth between 

birds with in the same group (Figure 5 .9), and overstimu l ation of fol I icular development 

was evident in many birds .  There was no effect of restricted feed on ovarian weight i n  

PMSG treated birds (Figure 5 . 1 0, see Table 5 . 1 2  for statistics).  Within the groups hel d  on 

long days, b irds receiving ad lib feed had significantly l arger ovaries than those given 60% 

of normal dai l y  feed i ntake. There was a significant difference in mean ovary weights 

between birds treated with 40 or 80 ill PMSG and those transferred to long days . The 

mean ovary weights of all PMSG treated groups were not s ign ifi cant ly different to long day 

contro l s  given ad lib feed. There were significant differences in mean ovary weight 

between birds that had l aid  and those that had not laid in long day groups (Figure 5 . 1 1 , see 

Tabl e  5 . 1 3  for statist ics) .  This difference was not evident in either of the PMSG treated 

groups .  

Peri toneal fat weight was inversel y  related to ovary weight  (r2=0. 1 820, p<O.OOO l ;  Figure 

5 . 1 2) but there was no relationship between pectoral muscle weight and ovary weight 

(p=O. I 1 7) .  
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Table 5 .12. Summary of Kruskal-Wal l i s  nonparametric ANOVA and Mann-Whi tney U 

tests comparing ovary weight and oviduct weight between groups at the end of the 

experiment. 

Ovary weight Oviduct weight 

K rus kal-Wal\is K-W df P K-W df P 

All groups 58. 1 76 9 0.000 68.402 9 0.000 

Mann- Whitney U tests F df P F df P 

A l l  A d  lib feed vs All 80% feed 41 6.5 1 0 .620 355.5 1 0. 1 62 

All A d  lib feed vs All  60% feed 35 1 .5 1 0.392 293 .0 1 0.073 

All 80% feed vs All 60% feed 378.5 1 0.672 385 .5  1 0.7 3 1  

All  Long day v s  A l l  40 ru  PMSG 2 1 7 . 0  1 0.020 1 70.5 1 0.000 

All Long day vs All 80 IU PMSG 193 .0 1 0.000 1 03 .5  1 0.000 

All 40 IV PMSG vs Al l 80 IV PMSG 287.5 I 0.039 345 .5 1 0.243 

Long day ad lib feed vs Short day 0.0 1 0.000 0.0 1 0.000 

Long day ad lib feed vs 40 IV PMSG ad lib feed 45 .0 1 0.705 25.0 1 0 .059 

Long day ad lib feed vs 40 IU PMSG 80% feed 50.0 1 1 .000 4 1 .0 1 0.496 

Long day ad lib feed vs 40 IV PMSG 60% feed 3 8 .5 1 0 .595 34.5 1 0.39 1 

Long day ad lib feed vs 80 IV PMSG ad lib 37.0 I 0.326 22.0 1 0.034 

Long day ad fib feed vs 80 IV PMSG 80% feed 34.5 1 0.24 1 25 .0 I 0.059 

Long day ad lib feed vs 80 IU PMSG 60% feed 23 .0 1 0.072 20.0 1 0.04 1 

Long day ad lib feed vs Long day 80% feed 68.5 1 0 . 1 62 7 1 .0 I 0 . 1 1 2  

Long day ad lib feed vs Long day 60% feed 76.0 1 0.01 1 73 .0 1 0.022 

Long day 80% feed vs Long day 60% feed 63.0 1 0. 1 42 5 8 .0 1 0 .288 

40 IU PMSG ad lib feed vs 40 IU PMSG 80% feed 42.0 1 0.545 62.0 I 0.364 

40 IU PMSG ad lib feed vs 40 IU PMSG 60% feed 48.0 1 0. 806 56.0 1 0.369 

40 IV PMSG 80% feed vs 40 IV PMSG 60% feed 44.0 1 0.935 42.0 I 0.806 

80 IU PMSG ad lib feed vs 80 IU PMSG 80% feed 45.0 I 0.705 5 8 . 0  I 0.545 

80 IU PMSG ad lib feed vs 80 IU PMSG 60% feed 44.0 1 0.935 5 3 . 0  I 0.5 1 4  

8 0  I U  PMSG 80% feed vs 8 0  IU PMSG 60% feed 43.0 I 0.870 47 .0 1 0 .870 
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Figure 5.13. Mean p lasma estradiol (A), plasma progesterone (B) and p lasma 
corticosterone (C) concentrations in Japanese quail after three weeks on shOrt days, 
l on g  days receiving ad lib, 80% or 60% normal dai l y  feed in take, or short days 
rece iv ing ad lib, 80% or 60% normal dai ly  feed intake p lus  treatment with 40 or 80 
TU PMSG every two days. 
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Table 5.13. Summary of t-tests comparing ovary weight and oviduct weight in  b irds that 

laid  with those that did not lay. 

Group 

All long day 

A 1 1 40 IU PMSG 

Al l  80 IU PMSG 

5.3.8 Oviduct weight 

t 

- 1 8 .4 1 9  

- 1 . 736 

-0. 3 1 3  

Ovary weight 
df 

27 

27 

27 

p 

0.000 

0.094 

0.757 

Oviduct weight 
t df p 

- 1 9 .439 

-2 . 1 56 

-0.695 

27 

27 

27 

0.000 

0.040 

0.493 

Oviductal development was stimulated in most birds treated with PMSG (Figure 5 . 1 0) .  As 

with ovarian development, there was no effect of restricted feed on oviduct weight i n  

PMSG treated birds (see Table 5 . 1 2  for statistics) .  Within the groups held on  l ong  days, 

b irds receiv ing  ad lib feed had significantly l arger oviducts than those given 60% of normal 

dai l y  feed i n take. There was a significant difference in mean oviduct weights between 

b irds treated wi th PMSG and those transferred to l ong days, but no signifi cant difference i n  

mean oviduct  weight between the two PMSG doses . The mean oviduct weights o f  PMSG 

treated groups were not significant ly d ifferent to long day contro ls  given ad lib feed, except 

for the groups treated with 80 ill PMSG receiv ing ad lib feed or 60% feed.  There were 

s ign i ficant d ifferences in mean oviduct weight between birds that had l ai d  and those that 

had not laid i n  long day groups and groups treated with 40 ill PMSG, but not within groups 

treated with 80 IV PMSG (Figure 5 . 1 1 , see Table 5 . 1 3  for statistics). 

5.3.9 Plasma estradiol, progesterone and corticosterone 

Mean plasma estradiol concentrations varied s ign i ficantly between groups (Figu re 5 . 1 3  A,  

see Table 5 . 1 4  for statistics). There was no effect of  restricted feeding on p lasma estradiol 
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Figure 5 . 14. Mean plasma estradiol CA), p lasma progesterone CB )  and p lasma 
corticosterone CC) concentrations in female Japanese quai l ,  divided into those that 
had laid  and those that had not laid  after three weeks on short days, long  days 
receiv ing ad lib, 80% or 60% normal dai ly feed in take, or short days receiv ing  ad 
lib, 80% or 60% normal dai l y  feed intake plus treatment with 40 or 80 IV PMSG 
every two days. 
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concentrations, al though mean plasma estradiol concentrations of long  day control birds 

were s ignificantly different from those of each of the PMSG treatments. Mean p lasma 

estradiol  concen trations of each of the PMSG treated groups were significantly h igher than 

long day birds receiving ad lib feed,  except for the group receiv ing 40 IV PMSG and 60% 

normal dai ly feed intake. Mean plasma estradiol concentrations of l ong  day and short day 

contro ls  were not significant ly  different. 

There were no s ignificant differences in plasma progesterone concentrations between 

groups (Figure 5 . 1 3  B, Kruskal-Wal l i s  test statistic = 1 8 .237, p=0.05 1 ) . However, Mann­

Whitney U tests contrasts showed that mean plasma progesterone concentrations of birds 

treated with 80 IV PMSG differed significantly from long day b irds (Mann-Whitney U test 

stati stic = 232.0, p = 0.003) and birds treated with 40 IV PMSG (Mann-Whitney U test 

statist ic = 293 .0, p = 0.047) .  

Ad lib fed birds had s imi lar mean plasma corticosterone levels  to birds fed 80% or 60% 

feed (Figure 5 . 1 3  C, see Table 5 . 1 4  for statistics). There was a significant di fference in  

plasma corticosterone concentration between each of  the two feed restriction groups 

overal l ,  although this difference was not evident within the long day, 40 IV or 80 IU PMSG 

groups when analysed separately .  Groups given 80 IV PMSG every two days had 

significant ly h igher p lasma corticosterone concentrations than birds held on long days. 

Only the group given 80 IU PMSG and 80% feed had s ign ificantly h igher plasma 

corticosterohe levels than long day birds given ad lib feed. 

) 
Ther�ere no s ignificant d ifferences i n  mean p lasma estradio l  concentrations between 

birds that had l aid and those that had not laid in long day groups or PMSG treated groups 

(Figure 5 . 1 4  A, see Table  5 . 1 5  for statistics). There were s ignificant d ifferences in mean 

p lasma progesterone and plasma corticosterone concentrations between birds that had laid 

and those that had not laid i n  long  day groups and groups treated with 40 IU PMSG (Figure 

5 . 1 4  B and C). This difference was not evident in groups treated with 80 IU PMSG. 
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Table 5.14. Summary of one-way ANOV A and l inear contrasts compari ng  p lasma 

estradiol and corticosterone concentrations between groups at the end of the experiment. 

Estradiol Corticosterone 

Kruskal-Wallis F df P F df P 

Al l  groups 4.465 9 , 86 0.000 2 .229 9, 8 3  0.028 

Mann- Whitney U tests F df P F df P 

All ad l ib feed vs All 80% feed 0. 1 93 1 , 86 0.66 1 1 .643 1 , 8 3 0.203 

All ad lib feed vs All 60% feed 0.429 1 , 86 0.5 1 4  0 .627 1 , 8 3 0.43 1 

All  80% feed vs A l l  60% feed 1 . 1 73 1 , 86 0.28 1 4 . 1 77 1 , 8 3  0.044 

All Long day vs All  40 IU PMSG 9.507 1 , 86 0.003 3 .558  1 , 8 3  0.063 

All Long day vs A l l  80 IV PMSG 3 1 .786 1 , 86 0.000 1 2. 2 1 9  1 , 8 3 0.00 1 

Al l 40 IU PMSG vs All 80 IU PMSG 6.526 1 , 86 0.0 1 2  2.754 1 , 8 3 0. 1 0 1 

Long day ad lib feed vs Short day 0.006 1 , 86 0.93 8 0 .356 1 , 8 3  0.553 

Long day ad lib feed vs 40 IU PMSG ad lib feed 7 .046 1 , 86 0.009 0.353 1 , 8 3  0.554 

Lon g  day ad lib feed vs 40 IU PMSG 80% feed 6.754 1 , 86 0.0 1 1 1 . 1 83 1 , 8 3  0.280 

Long day ad lib feed vs 40 IU PMSG 60% feed 2.63 1 1 , 86 0. 1 08 0.042 1 , 8 3 0.839 

Long day ad lib feed vs 80 IV PMSG ad lib 1 6 .724 1 , 86 0.000 0. 803 J , 8 3  0.373 

Lon g  day ad lib feed vs 80 IU PMSG 80% feed 1 7 .206 1 , 86 0.000 5 .992 1 , 8 3  0.0 1 6  

Long day ad lib feed vs 80 IV PMSG 60% feed 9.630 1 , 86 0.003 1 .636 1 , 8 3 0.204 

Long day ad lib feed vs Long day 80% feed 0.575 1 , 8 6 0.450 0 .002 1 , 8 3  0.969 

Long day ad lib feed vs Long day 60% feed 0.495 1 , 8 6  0.483 1 .902 1 , 8 3  0. 1 72 

Long day 80% feed vs Long day 60% feed 0.00 1 1 , 86 0.973 2. 1 1 4 1 , 8 3  0. 1 50 

40 IU PMSG ad lib feed vs 40 IU PMSG 80% feed 0.003 1 , 86 0.956 0.257 1 , 8 3  0.6 1 3  

40 IU PMSG ad lib feed vs 40 IU PMSG 60% feed 0.925 1 , 86 0 .339 0. 1 48 1 , 8 3  0.7 0 1  

4 0  IU P M S G  8 0 %  feed vs 4 0  IU PMSG 6 0 %  feed 0. 824 1 , 86 0.366 0.77 1 1 , 8 3 0.382 

80 IU PMSG ad lib feed vs 80 IV PMSG 80% feed 0.003 1 , 86 0 .953 2 .688 1 , 83  0. 1 05 

8 0  IU PMSG ad lib feed vs 80 IU PMSG 60% feed 0.770 J , 86 0 .383 0. 1 7 3  1 , 8 3 0.679 

80 IU PMSG 80% feed vs 80 IV PMSG 60% feed 0. 873 1 , 86 0 .353 1 .457 1 , 8 3  0.23 1 
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Figure 5. 1 5 .  Relationships between p lasma estradiol (A, B and C), p lasma 
progesterone (D and E) or plasm a '  corticosterone (F, G and H) concentrations and , 
vari ables such as ovary weight, peritoneal fat and pectoral musc le  weight i n  
Japanese quai l after three weeks on short days, long days receiv ing ad lib, 80% or 
60% normal dai l y  feed intake, or short days receiving ad lib, 80% or 60% normal 
dai l y  feed intake plus treatment with 40 or 80 ru PMSG every two days. 
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Table 5.15. Summary of t-tests compari ng plasma estradiol , p l asma corticosterone and 

pl asma progesterone concentrations in birds that laid with those that did not l ay.  

Estradiol Corticosterone Progesterone 

Group t df p t df p t df P 

All  long d ay 0.963 27 0.344 -2.448 26 0.02 1 -8 .898 27 0 .000 

A l l  40 ID PMSG - 1 . 885 27 0.070 -2.905 27 0.007 -2.296 27 0.030 

A l l  80 IV PMSG -0.02 1 27 0.983 -0.685 25 0 .499 -0.232 27 0 .8 1 8  

Pl asma estradiol concen trations were corre lated pos itively with ovary weight (log), p lasma 

progesterone and plasma corticosterone (Figure 5 . 1 5  A, B and C, see Table 5 . 1 6  for 

statistics). There was a lso a l i near relationship between p lasma progesterone and ovary 

weight (ovary weight greater than 5 g; Figure 5 . 1 5  D) and a positive correlation between 

p lasma progesterone and plasma corticosterone (Figure 5 . 1 5  E) .  There was a positive 

rel ationship between ovary weight and p lasma corticosterone (Figure 5 . 1 5  F), a negative 

rel ationship between peritoneal fat and p lasma corticosterone (Figure 5 . 1 5  G) and no 

rel ationship between p lasma corticosterone and pectoral muscle weight (Figure 5. 1 5  H). 

Table 5 . 1 6. Summary of l inear regressions comparin g  p lasma estradiol ,  plasma 

progesterone and p lasma corticosterone concentrations with other variables. 

Correlation r2 Slope p 

A Plasma estrad iol  vs ovary we ight (log) 0.3567 0. 003 ± 0.001 <0.000 1 

n Plasma progesterone vs plasma estradiol 0. 3725 0.00 1 ± 0.000 <0.000 1 

C P l asma corticosterone vs p lasma estradiol 0.3660 0.0 1 7  ± 0.002 <0.000 1 

D Plasma progesterone vs ovary weight (log) 0.4563 0.298 ± 0.027 <0.000 1 

E Plasma corticosterone vs plasma progesterone 0.3 1 8 1  8 . 548 ± 1 .244 <0.000 1 

F Ovary weight vs plasma corticosterone 0.40 1 9  3. 866 ± 0.467 <0.000 1 

G Peritoneal fat weight vs p l asma corticosterone 0. 1 295 -0.3 1 8  ± 0.085 0.0003 

H Pectoral muscle weight vs plasma corticosterone 0.0 1 5 3  -0.246 ± 0.204 0.2330 
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Figure 5.16. D istribution of fol l ic le s izes in 0. 1 6  - 0_50 g (A) ,  0 _5 1 - 1 .00 g (B) 
and 1 .00 - 5 .00 g (C) ovaries of female Japanese quail held on long days for three 
weeks, or given 20 ID or 40 ID PMSG injections every two days for three 'weeks, 
wh i l e  receiv ing 80% or 60% of normal dai l y  feed intake. 
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5.3.10 Distribution of follicle sizes 

1 6 1  

The numbers of fol l icles i n  each size class for ovaries weighing l ess than 5 .00 g were 

s imi lar i n  long day control birds and birds that received PMSG treatment (Figure 5 . 1 6, see 

Table 5 . 1 7) .  However, fol l icles measuring  3-5 mm were present in  ovaries weigh ing 0. 1 6  -

0.50 g from long day birds, but were not present i n  PMSG treated b irds .  Also, i n  ovaries 

weighing 0.5 1 - 1 .00 g there where some fol l i c les measuring 5 - 1 0  m m  i n  birds held on 

l ong days, but these were not present i n  the ovaries of any PMSG treated b irds .  

Table 5.17. Summary of two sample S tudent 's t -tests comparing the numbers of fol l icles 

i n  ovarian size classes 0. 1 6-0.50 g, 0.5 1 - 1 .00 g and 1 .0 1 -5 .00 g between b i rds held on long 

days and birds treated with PMSG whi le receiving 80% or 60% of normal dai l y  feed intake. 

Tests could not be performed when one or both groups had no fol l ic les i n  a particular size 

c lass ( i ndicated by  "No test") .  

Follicle diameter 

Ovary size (g) (mm) t df P 

0. 1 6  - 0.50 1 - 3 0 .5 1 0  1 4  0 .6 1 8  

0 . 1 6  - 0.50 3 - 5  No lesl 
0.5 1 - 1 .00 1 - 3 -0. 325 1 1  0.75 1 

0.5 1 - 1 .00 3 - 5  -0.224 1 1  0.827 

0.5 1 - 1 .00 5 - 1 0 No lest 
1 .0 1 - 5 .00 1 - 3 0 . 1 08 1 5  0.9 1 6  

1 .0 1 - 5 .00 3 - 5  - 1 . 1 89 1 5  0.253 

1 .0 1  - 5 .00 5 - I Q  - 1 . 075 1 5  0.299 

1 .0 1  - 5 .00 1 0 - 1 2  0.083 1 5  0.935 

1 .0 1  - 5 .00 1 2 - 1 4  0.7 1 6  1 5  0.485 

1 .0 1 - 5 .00 1 4  - 1 6  0 .523 1 5  0.609 
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Figure 5.17. Distribution of fol l ic le s izes i n  5 .0 1 - 9.00 g (A) and 9.0 1 - 1 3 .00 g 
(B ) ovaries of female Japanese quail held on long days for three weeks ,  or g iven 
20 IU or 40 IU PMSG injections every two days for three weeks, while receiv ing 
80% or 60% of normal dai ly feed in take. 
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In ovaries weighing 5 .0 1  - 9 .00 g there were s imi l ar numbers of fol l ic les i n  l ong day control 

b i rds and PMSG treated birds for each fol l ic le size c lass except for fol l icles 1 4- 1 8  mm i n  

d iameter which were not present i n  PMSG treated birds (Figure 5 . 1 7, see Table 5 . 1 8  for 

stati stics) . There were s imi l ar numbers of fol l ic les in long day b irds and PMSG treated 

b i rds in some s ize c lasses for ovaries that weighed 9.0 I - 1 3 .00 g, with d ifferences for 

fol l ic les 3-5 mm, 1 2- 1 4  mm, 1 6- 1 8  mm and >20 mm i n  diameter. 

Table 5.18. Summary of two sample Student's t-tests comparing the numbers of fol l ic les 

in ovari an s ize c lasses 5 .0 1 -9.00 g and 9.0 1 - 1 3 .00 g between b i rds held on long days and 

birds treated with PMSG while receiv ing 80% or 60% of normal dai l y  feed in take. Tests 

cou l d  not be performed when one or both groups had no fol l ic les in a part icu l ar size c lass. 

Follicle diameter 

Ovary size (g) ( mm) t df P 

5 . 0  I - 9.00 l - 3 0.058 1 1  0.955 

5 . 0 1 - 9.00 3 - 5  - 1 .220 1 1  0.247 

5 . 0 1 - 9 .00 5 - 1 0  0.622 1 1  0.546 

5 .0 1 - 9 . 00 1 0 - 1 2  - \ .  1 1 1 1 1  0.290 

5.0 I - 9 . 00 1 2  - 1 4 - 1 .589 1 1  0. 1 40 

5 . 0 1 - 9 .00 1 4  - 1 6  N o  test 

S . O I - 9 . 00 1 6  - 1 8  No test 

S . O I - 9.00 1 8  - 20 -0. 1 0 1  1 1  0.92 1 

5 . 0 1 - 9.00 > 20 0. 846 1 1  0.4 1 5  

9 . 0 1  - 1 3 .00 1 - 3 0.072 1 2  0.944 

9 . 0 1  - 1 3 .00 3 - 5  -3 .873 1 2  0.002 

9 . 0 1  - 1 3 .00 5 - 1 0  - 1 .263 1 2  0.230 

9 . 0 1 - 1 3 .00 1 0 - 1 2  -0.387 1 2  0.706 

9 .0 1 - 1 3 .00 12 - 1 4  -6.279 1 2  0.000 

9 . 0 1 - 1 3 .00 14 - 1 6  -0.830 1 2  0.423 

9 .0 1 - 1 3 .00 16 - 1 8  No test 

9.0 1 - 1 3 .00 1 8  - 20 0 .3 1 8  1 2  0.756 

9 . 0 1 - 1 3 .00 > 20 0.629 1 2  0.003 
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5.4 Discussion 

1 63 

Restrict ing the feed i ntake of female Japanese quail had a s ign i ficant effect on body weight, 

peri toneal fat weight and pectoral muscle weight i n  long day controls and PMSG treated 

b i rds. Leeson et al. ( 1 992) also found a s ignificant correlation between degree of food 

restrict ion and body weight, pectoral muscle weight, and weight of the abdomi nal fat pad i n  

male broi ler ch ickens. In this experiment, there was n o  relat ionship between level o f  feed 

rest!"ict ion and ovary weight or egg production i n  PMSG treated b i rds, even though 

peritoneal fat weight was i nverse ly related to ovary weight. There was a considerable 

effect of feed restriction on ovary and oviduct weight and egg l aying in long day b irds and 

th i s  has not been shown previously in Japanese quai l .  

Jaap and Mui r  ( 1 968) showed a strong negat ive correlation between body weight and 

reproductive performance in broi ler chickens, and this i s  general l y  the case for broi ler 

breeders that are g iven restricted feeding  regimens. In broi ler  ch ickens there are 

s ign ificantly more l arge yel low fol l icles i n  the ovaries of hens selected for low body fat 

than in  the ovaries of fat l i ne hens. Hock ing and Whitehead ( 1 990) showed that restricted 

feed decreased the number of yel low fol l i cles i n  the ovary of b i rds  selected for low body 

fat, but had no effect on fat l ine birds. It has al so been suggested that restricted feed may 

become less effect ive at contro l l ing mult ip le ovul ations as bro i ler breeders become l arger 

as a consequence of selection for h igher j uven i le growth rates (Hocking and Robertson, 

2000). The selection for trai ts i n  the Japanese quai l used i n  th is  experiment was not 

part icularly r igorous ,  and selection was primari l y  based on growth rate and body weight. 

Therefore, our quai l are l i kely to be s imi lar to fat l ine chickens, which may explain why 

restricti ng the feed in take d id  not affect fol l icular development in PMSG treated b irds. 

The period of time during which a restricted feeding regimen was g iven to quai l in this 

experiment may have been i nsufficient to have an effect on ovarian development in  PMSG 

treated birds. Feed restriction i n  broi ler ch ickens is  recommended from 2 weeks of age 
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during the rapid growth phase to counteract the effect of excessive food intake that may 

cause excessive fatness and impair egg production (Costa, 1 98 1 ;  Yu et al. , 1 992b) . 

Hocking et al. ( 1 989) found that the best response to restricted feed came when birds were 

g iven restricted feed from four days of age up until the onset of lay, but suggested that feed 

intake should be increased in relation to the rise in egg production. The response to 

restricted feed in PMSG treated quail might be enhanced if birds were restricted fed from a 

younger age up until sexual maturity. 

The number of follicles is each size c lass was generally similar between feed restricted 

birds treated with PMSG and long day ad lib fed controls. In previous experiments, there 

were often significant differences in the number of follicles in the smaller size classes 

between long day and PMSG treated birds, particularly in ovaries weighing less than 5 g.  

In this experiment, only the ovaries of PMSG treated birds weighing more than 9 g had 

significantly greater numbers of 3-5 mm fo llicles than long day controls. Hocking and 

Robertson (2000) found that restricted feed decreased the number of white follicles in 

chickens. Feed restriction may have had a similar effect on numbers of white follicles in 

PMSG treated quail. 

There was no effect of restricted feeding regimen on plasma corticosterone concentrations 

in long day controls and PMSG treated birds, whereas complete food withdrawal increases 

cOlticosterone in chickens. Nil' et af. ( 1 975) repOlted a three fold increase in plasma 

corticosterone concentrations in c hickens after one or three days of starvation. Freeman et 

af. ( 1 980) showed that plasma corticosterone concentrations in chickens were significantly 

elevated as early as 4 hours after food withdrawal, and levels remained elevated through the 

24 hour sampling period. Scatt et al. ( 1 983) showed the p lasma corticosterone 

concentrations rise Significantly after only two hours of feed and water deprivation in 

chickens. Treating birds with PMSG may have had a more marked effect on cOlticosterone 

synthesis than a restricted feeding regimen. 

Plasma progesterone concentrations were significantly higher in birds treated with 80 IU 

PMSG than in birds treated with 40 IU PMSG or long day controls. This is likely to be due 
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to the fact that treatment with the h igher dose of PMSG stimul ated development of more 

l arge yel low fol l icles, many of which may be producing s ign i fican t  amoun ts of 

progesterone. P lasma progesterone concentrations did not differ s ign i ficantly between the 

three feeding regimens, al though in the long day control groups, ad lib feed birds had a 

h igher mean p lasma progesterone concentration than feed restricted b i rds and this i s  also 

l i ke ly  to be due to progesterone synthesis by F I  fol l ic les in l ay ing b i rds. Production of 

progesterone by F2 to F5 fol l ic les is  suppressed by the paracrine act ion of androgens and 

estrogens (Johnson et al. , 1 988;  Yu et al . ,  1 992a) .  The control of progesterone release i n to 

general c i rcul at ion and i ts interaction with LH i s  critical i n  the t iming of ovu lat ion ( Yu et 

al . ,  1 992c) . Yu et al., ( l 992c) showed that in ad lib fed broi lers there are often two 

fol l i c les with the endocrine profi l e  of a F l  fol l ic le and both fol l i 1ces produce l arge amounts 

of progesterone. The preovulatory surge of LH is  therefore l ikely to i nduce ovulation of 

both of these fol l ic les .  

Decuypere et al. ( 1 993) showed that p lasma progesterone production by  granu losa cel l s  of 

h ierarchical fol l ic les was significant ly  h igher in chickens selected for food convers ion 

compared to b irds selected for body weight. However, in response to LH and FSH,  

granu losa cel l s  from F I ,  F2  and F3  fol l ic les of  ad lib fed chickens selected for body weight 

or feed conversion produced s imi lar amounts of progesterone (Onagbesan et al . ,  1 999a) . 

Feed restriction i n  both l i nes led to a strict h ierarchical order i n  granulosa cel l  

responsiveness to LH, with F l  fol l ic les producing  more progesterone than the other l arge 

yel low fol l ic les (Onagbesan et al . ,  J 999a) . FSH also decreased progesterone production by 

the l arge yel low fol l ic les in restricted fed birds selected for body weight. In contrast, the 

l argest ovarian fol l ic les from restricted fed hens selected for feed conversion effic iency 

produced s ign ificant ly more progesterone in response to FSH stimulation (Onagbesan et al. 

1 999a) . The results from the current experiment suggest that feed restriction does not 

affect progesterone production by l arge yel low fol l ic les i n  response to PMSG, as mean 

p l asma progesterone concentrations were s imi lar for ad lib, 80% and 60% feed groups. 

However, progesterone production by indiv idual fol l icles was not measured, and it may be 

that feed restriction did in fact lead to a decrease in progesterone production i n  response to 
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PMSG. A restricted feedi ng regimen changes the respons iveness of granulosa cel l s  to LH 

and FSH in broi ler breeders, but the mechanisms control l ing th i s  action are not clear. 

I n  Chapter three, the idea that selection for growth rate may have favoured genes for 

growth factors or thei r  receptors was discussed. Hocking et al. ( 1 994) suggested that 

d i fferences i n  egg production between ad lib and feed restricted broi lers could be related to 

changes in the pattern of growth hormone (GH) or i nsul in- l ike growth factor-I ( IGF-I) 

secretion. Growth hormone concentrations are h igher i n  feed restricted b i rds during  rearing  

than i n  ad lib fed chickens (Bruggeman e t  al. , 1 997). There i s  also i ncreased ampl i tude 

and frequency of GH pulses in feed restricted male broi ler chickens (Buyse et al. , 2000) 

and turkeys (Anthony et al. ,  1 990) .  In contrast, chickens consuming on ly  50% of their 

normal dai l y  protein requirement or fast ing had plasma IGF-I concentrations which were 

approximately half  those of birds receiv ing a normal or h igh protein d iet (John Bal l ard et 

al., 1 990; Caperna et al. , 1 999; Buyse et al. , 2000). Low IGF-I concentrations and h igh 

GH concentrations in feed restricted birds seems to be at odds with the precept that IGF-I 

production is stimulated by GH. Feed restricted chickens had lower numbers of GH 

receptors than ad lib fed b i rds (BlUggemann et al., 1 997), so it is therefore possible that GH 

receptor downregu lation l eads to reduced IGF-I production. 

IGF-I s ign i ficantl y enhanced LH- or FSH-stimulated progesterone production by the 

granu losa cel l s  in feed restricted chickens selected for rapid growth rate and b irds selected 

for feed conversion effic iency (Onagbesan et al. ,  1 999a). There was no effect of IGF-I i n  

conjunction with LH o r  FSH o n  responsiveness o f  granulosa cel l s  i n  a d  lib fed b irds 

(Onagbesan et al. , 1 999a) . The lack of response i n  ad lib fed birds suggests that there i s  no 

i n teraction between gonadotropins and IGF-I under an ad lib feeding regimen . Granulosa 

pro l i feration i n  the presence of IGF-I is greater in ad lib fed birds than i n  restricted feed 

b i rds .  Selection for growth combi ned with an ad lib feeding regimen appears to favour 

IGF-I actions, resu l t ing i n  rapid fol I icular growth and breakdown of the foI I icu lar h ierarchy 

(Onagbesan et al. ,  1 999b) .  Therefore, i t  i s  l ikely, that the mechan i sm by which feed 

restriction maintains h ierarch ical order i nvol ves the IGF system. 
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IGF is also likely to be involved in development and maintenance of the follicular hierarchy 

in non- broiler breeders. Treatment with PMSG often leads to breakdown of the follicular 

hierarchy in Japanese quail, and this provides a good opportunity to study the role of IGF in 

development of the hierarchy. Comparisons could be made between PMSG treated birds 

with excessive fo l1icu lar development and normal laying birds. This could include using 

radioimmunoassay to determine IGF secretion, measuring the expression of IGF mRNA, 

and examining the numbers and affinity of IGF receptors within the granulosa and theca 

cells of the ovary. 

The most notable result in this experiment was the large number of eggs laid by PMSG 

treated birds. A total of  four eggs have been laid by PMSG treated quail in all of the 

previous experiments combil)ed, less than 1 2% of the total number of eggs laid by PMSG 

treated birds in this experiment. It is difficult to attribute this to a restricted feeding 

regimen, as almost 50% of the eggs laid by PMSG treated quail were fro m  ad lib feed 

birds. The only other difference between this and previous experiments was the age of the 

birds when PMSG treatment struted. In previous experiments, PMSG treatment was 

started when the birds were six weeks of age. However, in this experiment birds were four 

to five weeks older at ten or eleven weeks of  age. Williams and Sharp ( 1 978) found that as 

birds age follicles in the follicular hierarchy mature at a slower rate leading to a decrease in 

the number of  eggs in each sequence. There is also a decrease in the number of  small 

follicles, and an increase in the number of small atretic follicles. FSH is believed to be 

responsible for fo llicular recruitment and growth, and small follicles have more binding 

sites for FSH than larger follicles (Masuda et al. , 1 984). There may be some small changes 

in white follicle numbers or in growth rate of foll icles from six to eleven weeks of age. 

This may have partly counteracted the excessive fol licular development that occurs 111 

response to PMSG in some birds, leading to an increase in the ovulation rate. 

Although the number or eggs laid and the days on which eggs were laid were recorded, 

potentiall y  usefu l  information such as individual egg weights and egg shell thickness were 

not measured d uring the experiment. However, it was noted that the egg shell quality of 

many of the eggs laid by PMSG treated birds was very poor. Several eggs had very soft 
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shells, whilst others were inco mpletely pigmented or had abnormal colouration. Poor egg 

shell quality is usually due to inappropriate nutrient levels, particularly dietary calcium and 

phosphorus, in pre-Iaying and layer feeds (Roland, 1 986) .  Eggs laid by birds on long days 

and 80% feed laid eggs that appeared normal, whereas unusual eggs were laid by birds 

treated with PMSG on ad lib, 80% and 60% feed.  The poor shell quality in some eggs 

fro m  PMSG treated birds is therefore unlikely to be due to restricted feeding. A layer 

d ietary calcium level of 3.0% is optimum for maintaining optimal egg shell quality (shell 

weight, shell thickness, shape index and specific gravity) in Japanese quail (Philomina and 

Pillai, 2000) .  Egg shell quality was significantly poorer in pullets given a d iet containing 

2 .5% calcium (Brahma and Ramakrishnan, 1 989). The feed given to our quail contains 

2 .�% calcium, and although this seems to be sufficient for good quality shell development 

in ad lib feed birds, the decrease in calcium intake in feed restricted birds may lead to poor 

shell quality. In contrast to this idea, Elwinger ( 1 982) stated that "feed restriction had no 

obvious effect on shell quality traits", and other researchers have shown that egg shell 

strength and thickness were improved in birds fasted for six hours of each day (Altan et aI. , 

2000) or five consecutive days in 1 0-20 weeks (Osuka and Nagata, 1 998) compared to ad 

lib fed chickens. 

The organic matrix of the egg shell is made up of highly sulfated glycoproteins. The 

synthesis of soluble precursors of these proteins occurs in the liver, and estrogens are 

involved in the control of this process (Wieser and Krampitz, 1 987). Administration of 

antiestrogens such as tamoxifen results in the reduction of expression of shell protein-genes 

in the l iver of laying hens. Administration of estrogen can trigger expression of shell 

protein-genes in juvenile birds in which little or no ovarian development has occurred. In 

contrast, in chickens with a high laying rate, exogenous estrogens cause the expression of 

shell protein-genes to cease (Wieser and Krampitz, 1 987) .  The reasons for this are not 

c lear, but birds with a high laying rate may have high estradiol concentrations, possibly 

leading to a negative feedback on endogenous estradiol production when birds are treated 

with exogenous estrogens. This, in turn, could lead to a cessation in expression of egg shell 

protein-genes. This may also be the case in PMSG treated birds, in which plasma estradiol 

concentrations were generally higher than long day controls. Unfortunately, because the 
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mechanisms controlling expression of shell protein-genes are not clear and there is no 

record of which birds laid poor quality eggs in this experiment, the information cannot be 

easily interpreted. 

Hughes et al. ( 1 986) showed that abnormal eggs were often produced in response to a 

d isturbance or stress. Translocation of hens or exclusion from nest boxes resulted in a 

higher propOltion of poor quality eggs being laid. Administration of 0. 1 ,  0.25 or 1 .0 mg of  

adrenaline resulted in  retention of  eggs currently in the hen 's shell glands and in an  increase 

propOltion of eggs with abnormal egg shells being laid during the following 1 0  days. The 

nature of the abnormality was dependent on the stage of egg formation at which the 

d isturbance occurred. Disturbances when eggs were only lightly calcified resulted in 

m isshapen eggs, and when ovulation was imm inent, chalky eggs were produced (Hughes et 

al. ,  1 986). COIticosterone is involved in the ovulation process (Etches, 1 996) and in the 

current experiment, long day birds that were laying had higher plasma corticosterone 

concentrations that non-laying birds. However, many of the PMSG treated birds that laid 

eggs had higher plasma cOlticosterone concentrations than laying long day birds at the end 

of the experiment. The significant positive relationship between ovary weight and plasma 

corticosterone concentration suggests that the large number of yolky follicles in some 

o varies could be a stressful physiological condition for the birds. This physiological 

stressor may have lead to production of poor quality eggs. Interestingly, the five PMSG 

treated birds that had not previously laid, but had an egg in the oviduct on dissection had 

the highest plasma corticosterone concentrations of all the birds in the same treatment 

group,  suggesting that these eggs may have been retained in the oviduct due to high 

cOlticosterone concentrations. 

There was considerable variation in ovarian response between quail receiving the same 

treatment regimen, as there has been in previous experiments. It would be useful to 

establish a relatively accurate way of predicting a birds response to PMSG treatment in 

future experiments. Plasma estradiol concentrations following a single injection of PMSG 

may correlate with the ovarian response to a longer period of treatment with PMSG. It has 

also been suggested that the avian ovarian response to exogenous gonadotropins may be 
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related to p lasma estradio l ,  progesterone or corticosterone concentrations at hatch or duri ng 

early growth (Ish i i ,  pers . comm .) .  To test these ideas, blood samples cou ld  be taken at 

hatch or l ater, or fol lowing a single PMSG i njection, and p lasma estradiol , progesterone or 

corticosterone concentrations measured. B i rds cou ld  then be treated with regular i nject ions 

of PMSG for three weeks to stimul ate ovarian development. Statistical analysis cou ld  then 

determine  i f  ovarian weight or numbers of l arge yel low fol l i cles correlate with p lasma 

steroid concentrations from juven i le  birds, or steroid concentrations produced in response 

to a s i ngle PMSG injection .  If there was a s ignificant correlation ,  in future experiments 

stero id concentrations could be measured prior to treatment and a PMSG treatment  reg imen 

des igned for each i nd iv idual bird based on the results .  

Long  day l ength ( 1 6L: 8D) and warm temperatures (20°C) stimulated ovarian development, 

ovu l at ion and oviposit ion i n  some of the ad lib fed birds. However, none of the b i rds on 

long days receiv ing 60% feed laid eggs duri ng the experiment. This ind icates that an 

adequate food suppl y  i s  an important factor for the photostimulatory effect of long 

photoperiods to be expressed i n  Japanese quai l .  In future experiments, quai l cou l d  be 

transferred to long days and given restricted feed to maintain the ovary in a regressed state, 

rather than being  kept on short days at 1 Doe with ad lib feed. This wou ld  better mimic  the 

s i tuation that occurs each breeding season for free-l i v ing birds such as the kakapo. Kakapo 

are exposed to long daylengths every year, but breed onl y  i n  the years when the avai l ab i l ity 

of some food p lants i s  greater than llsual . The sensi ti v i ty of the ovary to gonadotropins 

may be modified by l imited food avai lab i l i ty as discussed previously.  Treat ing Japanese 

quai l held on long days receiving restricted feed with PMSG may lead to a differen t  ovarian 

response than treati ng short day birds given ad lib feed. PMSG treatment may lead to 

development of a normal fol l icular h ierarchy  in restricted fed birds held on long days. 

In  summary, restrict ing the feed intake of quai l does not appear to improve their response to 

PMSG treatment. However, numbers of small white fol l ic les were reduced and egg 

production was i ncreased compared to previous experiments in which birds were g iven ad 

lib feed.  In addit ion,  60% feed restriction effectively stopped ovarian growth i n  quail 

transferred to long days. The use of 60% feed restriction i s  thus an interesting model i n  
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which to investigate the effects of food restriction on photo-i nduced gonadal growth I n  

quai l .  Th is model could  also be used i n  future studies of PMSG treatment of quai l .  
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Treatment wi th exogenous hormones has been used successfu l l y  i n  mammals to 

st imulate ovarian fol l icu lar development and induce ovu lation , but unt i l  recently thi s  

was not the case for avian species. Exogenous reproductive hormones have been used 

i n  the studies of ovarian steroidogenesis, pituitary and hypothalamic function, and the 

mechan i sms control l i ng  the fol l icular h ierarchy in birds. However, very few 

experiments have been designed speci ficall y  to stimul ate ovarian development and 

i ncrease reproductive output. 

Treatment wi th exogenous mammal ian gonadotropins  can stimulate ovarian 

development and ovul at ion in  chickens (Ph i l l ips, 1 943 ; Das and Nalbandov 1 96 1 a; Imai 

1 972;  Palmer and B ahr, 1 992) and quail (Wakabayashi et al., 1 996). However, there i s  

considerable variat ion i n  ovarian response between birds, w i th  the ovaries of many b i rds 

showing excessive fol l i cu lar development and breakdown of the fol l icu lar hierarchy 

(Ph i I I ips, 1 943 ;  Opel and Nalbandov, 1 96 1 a; Zadworny and Etches, 1 988 ;  Palmer and 

B ahr, 1 992, Wakabayashi et al. , 1 996). The development and main tenance of a 

fol l icul ar h ierarchy i n  response to PMSG treatment  has been reported once i n  chickens 

(Petitte and Etches, 1 989), but this result cou ld  not be repl icated in this series of 

experiments wi th quai l .  

Eggs were laid b y  PMSG treated quai l ,  with u p  t o  25% of treated birds produc ing eggs 

in the final experi ment. However, eggs were variable in quality, wi th some being 

unders ized, i ncomplete ly  shel l ed or incomplete ly  p igmented. The nutrients avai l ab le  i n  

the quail feed pel lets are sufficient for normal eggshel l  development, and poor qual i ty 

eggs may be the resul t of a rise in  plasma corticosterone concentrations i n  response to 

excess i ve fol l icu l ar development. 

Doses of 20-80 TU PMSG per day were the most appropriate for stimulat ing ovarian 

development in  Japanese quai l .  S imi lar doses have been used i n  chickens to i nduce 
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ovarian growth (Petitte and Etches, 1 989;  Palmer and B ahr, 1 992). Doses lower than 20 

ru PMSG stimulated l i ttle or no ovarian development  in most birds, and doses h igher 

than 80 ru PMSG led to overstimulation of fol l icular development in most birds. 

Conti nuous del i very of PMSG by osmotic pumps and dai l y  treatment using i njections 

were equal l y  effective in  st imulat ing ovarian development in Japanese quail .  The use of 

dai l y  i njections i s  a more practical method of del ivering  PMSG to birds, as it does not 

i nvolve surgery and al lows more contro l  over dosage and t iming  of treatment, although 

i t  does involve regul ar handl ing of the bird. 

Treat ing b i rds w ith i njections of PMSG every two days rather than dail y  led to a rate of 

ovarian growth s imi lar to that of long day birds. Zadworny and Etches ( 1 988) also 

treated turkeys wi th i njections of PMSG every two days to stimulate ovarian 

development, al though fol l icles were not arranged in a h ierarchy.  Treatment every three 

days with PMSG led to l ittle ovarian growth, whilst treatment every four days was not 

suffic ient to stimulate ovarian development in Japanese quai l .  

Treati ng avian species with gonadotropins to stimulate ovarian growth, ovul at ion and 

oviposit ion often l eads to excessive fol l icular development (Imai ,  1 972; Imai et al. , 
1 972;  Zadworny and Etches, 1 988 ;  Palmer and Bahr, 1 992; Hocking and McCormack ,  

1 995 ; Wakabayashi e t  al. , 1 992, 1 996). S imi larly, curren t  techniques used to stimul ate 

reproduction in mammals using gonadotropins also lead to the growth and ovulation of 

several fol l ic les at one time i nstead of ovu lation of an i nd ividual fol l ic le .  Despite thi s ,  

treatment w ith gonadotropins is  used successfu l ly  to  increase reproduct ive output i n  

commercia l ly  important species such as cattle, sheep, p igs and horses (Alfuraij i et al. , 
1 993 ; Gonzalez et al. , I 994b; Duanyai and Sri kandakumar, 1 998 ; Naqvi and Gulyan i ,  

1 998 ;  Martinez et al. , 2000; Ban'os e t  al. , 2000; for review see Yavas and Walton, 

2000) and has also been successful in non-domesticated species (Sawyer Steffan et al. ,  
1 98 3 ;  Karesh et aI. , 1 985 ;  Waldham et al. , 1 989; Howard et al. ,  1 996). If treatment 

with mammal ian gonadotropins can lead to ovulation and egg-laying i n  avian species ,  

resu l t ing in the hatch i ng  of ferti le young, then overcoming  the problem of excess ive 

fol l icu lar development may not be so important. Further research would be requi red to 

ensure that the ovary regresses normal l y  after gonadotropi n  treatment has been stopped, 
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and that the bird can respond to future treatments or to normal stimulatory conditions .  

It would need to be shown that successi ve treatments did not compromise future 

reproduction in any way. Stimulating reproduction in birds using gonadotropins would 

on ly  be usefu l  i n  endangered species if it  can be used i n  successi ve breeding seasons in  

as many ind ividuals as possible, and i f  the percentage of birds which respond to 

treatment is  high. 

Al though some PMSG treated birds laid eggs in  th is  series of experiments, many birds 

developed l arge yel low fol l icles but did not l ay any eggs. Birds were treated with heG 

or ch icken pituitary extract in  the first experiments to stimulate ovulation, but this 

treatment was not conti nued in other experiments in order to concentrate on overcoming 

the problem of excessive fol l icular development in response to PMSG treatment. 

Although birds did l ay eggs in response to PMSG treatment alone, the number of eggs 

produced by PMSG treated birds may be increased if an additional treatment was given 

to stimulate ovulat ion . Ultrasound proved to be a very useful tool for v isual is ing 

ovarian fol l ic les in  Japanese quai l to determine whether or not a fol l ic le  of Fl size was 

present, and cou ld  be used in future experiments. 

The l ow number of eggs that were laid by PMSG treated Japanese quai l  in this series of 

experiments may be due, i n  part, to the variation in  ovarian response to PMSG between 

b irds .  Numerous birds showed l i ttle or no ovarian fol l icu l ar development i n  response to 

PMSG treatment. In order to max imize the number of birds that l ay eggs i n  response to 

PMSG treatment, the variation in response that occurs between b irds needs to be 

min imized. This may be accompl ished by test ing birds before treatment and then 

designing a specific treatment for each individual bird. There may be several ways in 
which birds could  be tested in  order to predict their responsiveness to PMSG treatment .  

It has been suggested that plasma progesterone, estradiol or corticosterone 

concentrations i n  juven i le  birds may correlate with responsiveness to PMSG when the 

bird matures (Ish i i ,  pers . comm.) .  It may also be possible to predict how a bird w i l l  

respond to a particu lar dose of  PMSG by  measuring its estradiol output i n  response to a 

s ingle injection of PMSG. These ideas wou ld need to be tested with a number of 

experiments, but if proved to be a useful way of predict ing a bird ' s  response to PMSG 

treatment this wou ld  be a quick and simple way of determining appropriate treatment 
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regimens for each indiv idual bird. For these tests to be usefu l ,  the repeatabi l ity of 

responsiveness would also need to be determined. There is also variation in response to 

normal stimul atory conditions in Japanese quail in that some quail  wi l l  show ovarian 

growth after only two weeks under a long day photoperiod, whereas others may show 

no response after six weeks on long days. It  has not yet been determined whether a bird 

that responds quickly to a sti mulatory photoperiod wi l l  always respond quick ly, or 

whether response time varies from one period of long daylength to the next.  If the 

response to long days is s imi lar in an individual bird each time it is  exposed to a 

stimulatory photoperiod, it may be that response to PMSG i s  s imi lar between different  

treatment periods. However, if there is variation in response to  long days i n  an 

indiv idual bird, it is l i kely that responsiveness to PMSG wi l l  also vary between 

treatment periods. If this is the case, it wi l l  be difficult to find a way of predicting the 

ovarian response to PMSG. 

It is possible that other hormones are required in conjunction with PMSG treatment  to 

stimulate normal ovarian development and ovulation in birds.  Treatment with PMSG 

may need to be preceded, accompanied, or fol lowed by treatment with ei ther estradiol 

or progesterone in order to mimic  the natural physiological state of a l aying bird. Crude 

pitui tary extracts used by other researchers have contained hormones other than FSH or 

LH. The avi an pitui tary preparation used by Mitchel l ( 1 970), and the glycoprotein 

extract used by Wakabayashi  et al. ( 1 992) also contained TSH .  The extract of chicken 

anterior pitui taries prepared by Taber et al. ( 1 958)  contained both ACTH and TSH. 

These hormones may play a role in ovarian development, and the possibi l ity of 

synergistic effect between these hormones and LH or FSH cannot be excluded. 

Although restricting the feed intake of quai l did not have an effect on the response to 

PMSG treatment, feeding  b irds only 60% of their normal dai ly feed intake prevented 

ovarian development in birds held on long days . As suggested i n  Chapter 5, this model 

could be used as an al ternative to maintain ing birds under a short day photoperiod to 

prevent development of the reproducti ve tract.  Th is woul d  be better mimic  of the 

conditions that kakapo face each breeding season, and the sensitivity of the ovary to 

gonadotropins may be modified by l imited food avai labi l i ty. 
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Al though the PMSG treatment schedules used i n  the experiments conducted so far have 

not elucidated a suitable technique for stimulat ing egg product ion in endangered 

spec ies, they do have considerable potential as a means of studying the factors 

control l i ng  development of the fol l i cu lar h ierarchy. An ovarian fol l icu lar h ierarchy i s  

not establ i shed i n  Japanese quai l treated wi th  PMSG, so compari sons could be made 

between PMSG treated birds and normal l aying b irds. Thi s  cou ld  i nclude examination 

of gonadotropin and steroid receptor numbers and affin ity wi th in  numerous t issues of 

the hypothalamo-pituitary-gonadal ax i s .  Other factors such as IGF, GH, tri­

iodothyronine, thyroxine, ACTH, acti v in ,  i nh ib in ,  VIP and urok inase may be associated 

w ith development and maintenance of the avian fol l icular h ierarchy .  The production, 

secretion and receptor function ing of these hormones and metabo l i tes could be 

compared in PMSG treated and l aying Japanese quai l .  Growth factors are of particular 

i nterest as studies i n  broiler chickens, which show excessi ve fol l i cu lar development 

when given ad lib feed, have suggested that IGF-I i s  i nvolved in development and 

mai n tenance of the fol l icular h ierarchy .  

Once a sui table technique for stimulati ng ovarian development, ovulation and egg­

lay ing has been establ i shed in Japanese quai l ,  the technique would  need to be tested i n  

other bird species, particu larly parrots, before i t  could be used i n  the kakapo. Other 

species that cou ld  be used for experiments include cockatie ls  and budgerigars, as these 

are readi l y  avai lable and relatively easy to maintain .  Budgerigars are also more closely 

related to kakapo than other bird species and would therefore make  an ideal model 

species for th is  research.  

In order to estab l i sh a sui table techn ique for stimulat ing reproduction i n  b irds, the 

practical i ties of treating an endangered bird such as the kakapo us ing the curren t  

protocol must also be considered. Kakapo are currently free- l iv ing,  bu t  i f  they were to 

be treated w i th gonadotropins  to stimulate ovarian development ,  they would need to be 

held i n  capt iv i ty dur ing the treatment period. Regular hand l ing wou l d  be required to 

give i nject ions to the birds, measure the s ize of the cloacal open ing and visual i se the 

ovary us ing u l trasound. To ensure that any eggs that are produced are fert i le, female 

kakapo wou ld  need to be art ific ia l ly  i nseminated, as birds are un l ike ly  to mate in a 

captive s i tuation . Therefore a method of col lecting and preservi ng  semen from male 
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kakapo would also need to be establ ished. Many of the kakapo are more than 30 years 

old and may not have the same reproductive capacity as younger birds .  Ottinger ( 1 992), 

Ott inger and Bal thazart ( 1 986) and Ott inger et al. ( 1 983) have shown that there is an 

age-related dec l i ne in reproductive act ivity in Japanese quai l .  Therefore,  the ovarian 

response to PMSG or other gonadotropins maybe different i n  old b i rds compared to 

young birds and the age of the birds must be considered when estab l i sh ing a technique 

for stimulating reproduction using exogenous hormones. 
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