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Spermatozoa
oviduct
.Scrotum
anterior abdomen
(I )« )
distal part
accessory .ductus deferens Wolffian duct
seminal reproductive organs
Cowper’s gland prostate vesicles
(Urethral gland of littre) Littre
Cock
.Class Aves
Fertilizing power Male gametes
The reproductive 0rgans dueeibisid! shiass!
Testis  uimmadd] |
breed 60 14
2 )
intra — abdominal
( 43 - 41)
Postabdominal air sacs (1 )
(1965) Cowles
4 3
.expiration inspiration






spermatogenesis
(1961) Van Tienhoven
transplanted
explanted
threshold

pampiniform plexus

Scrotal testis

Common trunk

Variable accessory testicular artery

arterial loops

Superficial veins

Common vein Posteriorvena cava
.mediastinum
.(3 ) tunica albuginea Capsule
4 )

Excision






Leydig cells

.(5 ) Spermatogonia Sertoli
.Spermatogenesis
Spermatogonia
Secondary spermatocytes Pirmary spermatocytes
Sertoli cells .Spermatozoa Spermatids
(7 6 )

Inter — breed

Spermatogonia ( )
10
12
20
Second — phase
interstitial leydig cells 12
8 )
spermatogenic activity repetitive waves
fixatives testicular germinal epithelium
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# 3
Ad
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Spermatocyte nuclei
Cytoplasmic cleavage

Subsequent mitotic activity

© )
) intercellular bridges
(Spermatogenesis Spermatocytes
H’ — thymidine
12 6
15 - 13
3
minimum time .32p04
4 12
.ductus deferens Juxta — testicualar duct system
(10 )
domestic mammals glutamate
in vitro



Primordial germ
cell in embryo

+ Differentiation

Spermatogonium
Mitotic division,
producing lnrge numbers
of spermatogonia
Differentiation and
onset of melosis 1

Primary spermat -
{in prophase of meiosis 1)

/ \l-!aimis I completed

Epididymis

Cross section of /-.-
seminiferous
tubule

Secondary sp

1k
iy

sporrn.thls
Differentiation
I \[3.!10" cells provide

Sperm cells
(spermatozoa

L
- .
o

(Hypothalamus)

-~
”
~

7
S

,Aem\r\-\
\._pituitary /
) 4

Cell
products

Androgen-binding
protein (ABP)

(at two s
differentiation)

seminiferous tubule

KEY
N :
t_/ Integrating center
Efferant path

() Effector

[ ) Tissue response




intermediates
hexokinase .general metabolism
testicular spermatozoa
utilized glucose
ejaculated spermatozoa

.certain amino acids

Juxta — testicular duct system dumaddl dimalll Sbidd| plad .«

.(epididymis )

(the epididymal region )
rete testis system of ductules
diminutive ductus epididymis ductuli efferents
blind tubules (11 )
.mesonephros
(12 ) rete testis channels
(13 ) extensive ductuli efferents rete
rete . Folded mucosa
ductuli low cuboidal cells
ductuli efferents . stratified layer
)
.(Wolffian duct
Jdipid glycoprotein acid phosphatase
absorptive

10
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Ductus deferens adibidl dbidl .2

cock (Wolffian )
( ) Wolffian (14 )
main entire medio — ventral
.Common connective tissue sheathe ureter

posterior abdomen
sac — like
(ejaculatory duct ) erectile papilla
Jatero — ventral urodacum

ampulla distal ductus deferens

mucosa

S| (& il el | et sl 1§ (i) | .2
Erectile phallus and related structures in the cloaca

Jarge intromittent organ

proctodaeum

(15 ) sense organs
( ) ratites

(16 )

12
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Cilia found on
Columnar Cells




engorgement
(lymph folds ) related intra — cloacal structures
lymph — like fluid
“gefassreiche kOrper”
“gefassreiche kOrper” . Sac — like portion
.nternal pudendal artery
posterior retractor penis muscle
.phallic structure
"vascular body !

engorges “gefassreiche korper”

excitation

pelvic hypogastric plexuses of nerves

Sympathetic outflow
parasympathetic fibres
.pelvic nerve mixed
posterior ductus deferens
pelvic visceral rami .cloacal tissue
(lumbo — sacral nerves 8 — 11) (11 — 8)

.hen .33 — 30 Spinal nerves

rich adrenergic intrinsic innervation

14
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Accessory reproductive fluids diadl| duebu sl | Jui | guaid|

(17 )
erectile lymph folds
.transparent fluid

seminal accessory

reproductive fluid

( )

cloacal papillae

light breeds

conventional massage method

squeezing

semen collectors

intravaginal deposition

in vitro

16






agglutinate blood clotting agents -
Ca’* CI -
blood corpuscles granules -

desqua mated cells

.dubious components

sbmlall (S oud| Juluadd il 1§ gt | 2190
Physical and chemical properties of fowl semen

heterogeneous materials

Morphology of the spermatozoon dikadd! b .|

"Kinoplasmic droplet

spermatid
mid piece caudally "
.ripening process
nourishment
ceased Lysosomal enzymes
um’ 9.2
Filamentous
curved cylindrical 1.7um conical — shaped acrosome
4um middle — piece of the tail 12.5um head
(19 18 ) 80um principal — piece of the tail

18
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Tail

Head

Mid piece

(flageliumm)

Acrosome
contains
enzymes.

MNMucleus

_—— —— Centrioles

Mitochondrial
spiral

|~ Microtubules




.0.5um

.ultrastructure
cytoplasmic membrane
acrosome .metamorphosed
leading part (perforatorium ) inner spine
hook — like structure( )
middle — piece
) cylindrically — shaped distal centriole
(20
coiled elongate cylinders
electron — dense outermost fibres
.doublet
85 — 80 30
‘per sperm !

oxygen uptake

20



Ml el (50 imtil| ttS d|
Chemical composition of spermatozoa and their metabolism

in vitro conditions

breed
7-5 .
3
nuclear material
(Feulgen Histochemical technique) Feulgen
DNA
Chromatids
Protamine — like fraction arginine
glycoproteins
.Cytochemically
Golgi zone acrosome
@r )

21

identical cytochemical properties

substrate
.cytoplasmic material

unidentified
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:'%CEE-N
S

Plasma membrane

Acrosome

Nucleus
Post nuclear cap

centriole

Mitochondrial sheath

Distal centriole or ring

9 Coarse outer fibrils —_

Double inner fibrils
2 Central fibrils

Mitochondria

Tail sheath

9 pDouble inner fibrils
2 Central fibrils

: ".‘:o

B. HEAD

“gdLGi. BoB Y

%, SMOOTE
%E]_NI_D_OP\ASMIC
DBRE_TlC_ﬂLuM

(Sl

L
>

MITOCHONDRIA

21



spermatid
lipo — glycoprotein complex
corona disperse
lysosomal enzymes : ova radiata
.active agents

trypsin — like enzymatic activity

Vitelline membrane
hyaluronidase
substances
hyaluronidase

trypsin - like

hydrated fully — formed
(SG 1.09 129um’ %70)

intracellular K*

P (phospholipids - P) P
.DNA - protein — P (Total - P)
Various phospholipids fractions

membrane transport

in vitro
methylene blue
resazurin
cytochemically dehydrogenase activity

Lactic dehdrogenases Succinic

23



10° NADPH NADH moles

an homogenate supernatant (° 4
1.81 o - hydroxybutyric dehydrogenase 1.96 lactic dehydrogenase
aldolase 1.3 creatine kinase 1.51 glutamic — oxaloacetic transaminase
glutamic — pyruvic transaminase 10 x 2.73 sorbitol dehydrogenase 1.18

10 x 1.1 water soluble (a)] glutamic dehydrogenase °710 x 1.13

glucose — 6 — phosphate — [710 x 3.67 digitonin soluble (b)
phosphohexose isomerase 2710 x 8.03 dehydrogenase
3710 x 8.26) acetyal cholin esterase ( u moles 8.483)
(B — naphthylamine pg 0.125) leucine — amino peptidase (“Rappaport units”
.amylase . %37
glycerokinase
.trout

functional anaerobic glycolytic pathway

( ) .aerobic citric acid cycle

isocitric dehydrogenase aconitase fumarase :ultrasonic sound waves

L — malic succinic dehydrogenase o - ketoglutarate dehydrogenase
.dehydrogenase
Breeds : Fumarase
rose — comb Fowl homozygous
Fumarase
~: in vivo
1

sorbitol dehydrogenase

24



Hexoses 2
dihydroxyacetone substrate in vitro
) D, L — glyceraldehyde D- .medium
(
.respiration glycolysis
3
androstendione

ductus deferens

.cloaca

secretory product

end — products
debris

transparent fluid

178 — dehydrogenase

dotuid | 10 )l (S 6t | e |
Chemical composition of seminal plasma
normal fertility

(ejaculatory ducts ) papillae
isotonic
.in vivo
component
metabolic substrate
duct system
intermediary metabolites

spermatocytes

specific compounds

phosphoryl inositol ergothioneine  citrate

25

.(GPC) glycerylphosphoryl choline (PC) choline

seminal plasma — P

GPC PC



chloride

glutamate

ductus deferens fluid

glutamate
“excreted” : (spermatogenesis )
alkaline phosphatase acid phosphatase :
leucine — amino peptidase LDH GOT GPT
Jlipase
.glutamate GOT GPT
(acid phosphatase) acid phosphomonesterase

acid phosphatase (s)

accessory seminal fluid

dialysate

S0 Jubud| o i 0SS (ol B30 ol

Factors affecting the formation and quality of semen

physical environment

Temperature  &lyadl daga |

26



reproductive ability

breed
( 20)
spermatogenesis : 9 ( 38 —21)
strain
( 8)
30 19)
(
(19 8) 30
(25 20) 8
FSH
FSH
(30 B8 ( 19)
in vitro
Diurnal Rhythm &gl ghiuidl e
Edinburgh
diurnal variation ( )

(18.00  17.00)

27
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Light seall .2

retino — hypothalamo — hypophseal pathway -

gonad — activating spectral colour

gonadotrophin
9 3 1 ( ) White Delaware
( 15%x 10 60w )
/
13
14
8
8
( )
14
6
%3 : 14
6 20



14

Genetics (gl y0d| e sl .3

.genotype
heritability
family variations
breed of fowl
homozygosity
White Wyandotte
Fumarase

29



( 0)

Spermatozoan constitution

6
14
0.2)
%9
%16
.adulthood
/ 2853
) %20
%10
Fayoumi
Russian White
%16 :

30

Nutrition

Breed

basic physiological difference

dul it | 0
(%3
%9
%1

(



100/ 850
100

MnSO, 100  FeSO4 100
3 COCO;

4170 KI
14 B; 320 E

8 CuSOy
2 Dy 5500 A

1480) 1 :1.8

2800 (
0.5 %0.2
10 ZnSO, 10

B, ug 0.6 (nicotinamide) pp 1.2 B;

E D A
C A
() A

0.14 B,

A5 - 3B — hydroxysteroid — dehydrogenase

%5 / 3060

.inedible animal fat

.non — dietary deficiencies

(EFA) essential fatty acids
.E

%7.3 .E linoleic acid

EFA
fertilizing potential linoleic

docosadienoic

31



.docosatetraenoic

%1
specific fatty acids
whole testis

individual fatty acids

tetraenoic acid
spermatids

key role 22

(22: 6) hexaenoic (22 : 5) pentaenoic
linoleic (22 : 4) tetraenoic

(22 : 6) desaturating

:Hormones wikige il .§

(10 )

/ FSH inanition

32
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Seminiferous tubules

(GnRH)
LH
LH GnRH
LH

35-25

a

sgall § S (guasliil] b

LH

(o (el w9
/[ 35000
Spermatogenesis
)
41
. 26-24
4-2 ( )
3-0.5
Leydig cells
( )
Testosterone
LH
(2 ) LH
30-20
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CaeCUN

Folliche-stimmulating
harmone (FSHD

Qo 80 6% g go0 48

Target cells
= Promotes development, growth, and maintenance
male reproductive organs
0 of le secondary sex




spermatogonia rete testis

diploid
spermatocytes Stem cell
.(3 ) Spermatozoa

Sertoli cells

“ )
androgen binding protein
Oestrogens
Inhibin
FSH Inhibin
LH
14-13
stem cells ( )
(5 )
.phasic
10

35
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seminiferous tubule

Sustantacular call

Secondary
sparmatocyles ~{ 2
{haploid)

Primary
= Cphe

: s
Sertoh
junciion

=g




100 - 60

100
8-6
hemicastration
abdominal %87
massage
.excurrent ducts
:@’M O J bkl
rete
(6 ) testis

37
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Spermiogenesis



concentrated suspension Vasa efferentia

(9 8 7 ) Vas daferense epididymis

contractile ( )

neuraminidase

vas deferense

24
72

36
%60-40 15 4

.urodeum papillae
proctodeum

vascular body

39
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proctodeum
(10 )

urodeum

gallinaceous

a )

( ) excurrent ducts

phallic folds lymphatic exudates

cloaca

quail proctodeum

41
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:Sperm morphology wikaddd s jiall wdal)

head acrosome
um 0.5 (12 ) midpiece
pum’ 10 um 100
um3 75 pum 6 spermatogonia
spermatozoa
( ) Golgi apparatus
.acrosomal spine acrosomal cap

proteolytic enzymes

spermatocyte
cytoskeleton
core distal centriole .proximal centriole
central fibres
triplet sets
30
(13 )
:Metabolism of sperm cells whladdl Wdkd Jutetsi
survive

excurrent ducts

substrates vascular system intimate



Chicken spermatozoa

44

mnucliearr
membramne

oubter acrno=somm ol
membrarne

redundant
muaclear
membrarnne

4

membrane

Inrer acro=omeal
membrarne

acro=soermeal
makrix

ecguatorial
=ecgmmeeralk

| post-acrosomal

=heath

Ccentriole

ﬂn“uchnndﬁun




13
sperm host glands
.in vivo unusual
41

ejaculation 15

.in vitro in vivo

:Energy metabolism dillall Juskd

Seminal fluid

diluents sperm storage tubules
lactate
anaerobic
.aerobic ATP
endogenous

supplementary glucose
phospholipids

glutamate

[ Somd] Jalad| (& ot | e el 19 “yuilS ul| < kel | Jud b
:Buffers, substrates and metabolic products in seminal fluids

excurrent ducts vas deferens
resorb buffer
abdominal massage
protodeum urates

seminal plasma

45



12 - 0.18
121 23 46 Cl-
160 140 145 Na "’
6 20 13 K™
6 0.3 1.4 Ca™
0.2 88 75 Glutamte
5.5 2.4 3.7 Lactate
0.4 0.4 0.3 Pyruvate
0.1 0.2 0.4 a- ketoglutarate
0.2 1.7 3.2 Carnitine
0.1 0.5-0.2 0.5-0.2 Acetyl carnitine
40 22 8 Protein (g/1)
.mM =
Glutamate ( mM 0.18 )
.anion Cl ~
Glutamate
Glutamate
Cl

Cl~

:Natural mating (gtasdall gg)ll
bonding pigeons

.polygamous

46



breeding

established flock

Social order
high ranking males
low ranking males

harem

.close proximity

territory

14-7

ovulation

stocks

replacement males

aggressive encounters

.Social hierarchy

semen collecting devices

copulations % 50

courtship
waltz

short shuffling side-steps

47

30

transfer

Mating behavior gel:ykd! ol gdui



rear approach

exaggerated
tidbitting

cornering giving - food calls

nest-like depression

vocalizing
wing - flapping dustbathing

tail - wagging feather - ruffling head - shaking
strutting preening bill — wiping

whining — vocalization

rear approach waltzing
phenotype
rearing period
selective response courtship

signal — response interaction -
(14)

.monogamous matings

selective process

48



Sexual approaches

Walts or wing flutter from the rear

other approaches

mounting & treading

Spreads tail & everts cloaca

Vents meet

‘\

Ejaculation

Steps off

May circle or walts




50

crouches receptive hen

treads cock mounts

engorged phallic folds

retract

characteristic stance

cloacal contact

.copulation

cucs

apparent copulation
genetic stocks

sexual experience

strutting



spermatogenesis wilidd| cuga duboes
Sertoli cells

.spermatogenesis
spermatgenic activity

output of spermatozoa

nutrients
differentiation
) debris
.testicular regression (phagocytic role
incubation
primordial germ cells ( )
.spermatogonia
‘phases
14 -10 :prepubertal phase 1
- 20 14 - 10 ‘pubertal phase 2
24
.zenith :sexual maturity 3
spermatogonia
nuclear change mitotic division
.primary spermatocytes ( )
proliferate

nurturing ()
support cells

.sustentacular cells

51



meiotic

.maturation divisions

secondary spermatocytes

( ) spermatids
) C )
diploid (
fertilization
haploid sexual cells

compensating events

.sexual reproduction breakdown
) LH FSH GnRH
(16 15
definitive spermatozoa
spermatozoon spermateliosis  spermiogenesis
metamorphosis
propelling
.ovum
puberty
24 - 16
28 — 18 : 12-8
.Synonymous
( ) sexual maturity
initial production maximal
( )
profound

.adult semen production

52
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Stimuli from other
areas in the brain

Hypothalamus

Anterior
pituitary

Megative
fe:?:l back

Androgen

production
Primary and
secondary sex

Spermatogenesis characteristics

GNRH (_|_)

( Anterior

- )
& Pitu itary 4

FSH

-

Leydig colls Sertoli cells l

Inhibin

Androgen Hatrogeh (-FSED

CIRCULATION




spermatogenesis

spermiogenesis
12 -10
4 -3 vas deferens epididymis
15-13

(18 17 ) spermatogenic wave

- 40 40 44 — 38
spermatogenesis ) 74 -64 64 — 54 49

(
scrotum
.sterility

avian species

precocious spermatogenesis

suppressed
24
.diurnal rhythm ( )
( 2 12 ) spermatogenic activity
( 9 7 )

54



spefMatogonia

-

primary spermatocytes g

round speﬁﬁatids

sperm adjacent to lumen

prior torelease \ "
- .J--__':

Stem cells producing
spermatogonia
(a continuous process)

Spermatocytes 1
Fh.'Sl producing

me:_u-!.ic spermatocytes 11
division via the first meiotic
division (6 days)

Second meiotic
division (0.5 days)

Round spermatids
(2.5 days)

Elongating
spermalids
becoming mature
spermatozoa

(8 days)

55
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(2

(2

Female Reproductive System gg.i.iil (el | 500
:00geNesis  iludgud| uiose

ovogenesis

(1

:00g0Nia i gued| ikl
14

:Primary oocytes s il gud!

) ovocytes primaries

vitellogenesis

vitellus

endocytosis 3 )
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2.5

14 -5
7T-5 15 =11

( + 0 )01+7-5

:Secondary 00Cytes dugelbid | ik gud|

24

polocytes primarius

lamina perivitellina

ovocytes secundarius

(2 )

cytolemma oocyti

57
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+
ro

I

:Parthenogenesis  yasdl adgel!

:The right oviduct (gwitutd! Jud! 5k
oviductus sinister

Oviductus dexter

Ro
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(6

:The left oviduct & yuisd| ed| Sk

7 )

lamina propria

) serosa

fossae glandlulares infundibuli

fossulae spermaticae

:Infunidibulum geedd!

) fimbriae infundibularis
tubus infundibularis (12

glandulae tubi infundibularis

30-15

:Magnum gdasd|

(13 10 )
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Time for Egg Production

Infundibulum
0.5 Hrs

ShellMembrane : 23
Eoriad Oviposition
Egg Enters

Ovulation Shell Gland

4 6 8 10 12 14 16 18 20 22 24 26Hours
C

Uptake of
- Water—l— alcification of _|
“Plumping” Shell

oviduct
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:Isthmus g gl
Pars transluens isthmi ( 3-1)
(a )

glandulae isthmi

a4 )

1.5

membrane testae interna and externa

mammilary cores ( )
:Uterus gl
(15 11 ) pars major uteri Pars cranialis uteri
150
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small white follicle

small yellow follicle
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Cloaca

Shell Gland

Follicles

Ovary with
large follicles

* Shell Gland

=
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%95) testa

oocyan -

cuticula (

(18 16 )

15 ( %5
22 -20
ooporphyrin —
IX - IX -
)
(17)
:Vagina Jusal!

:Ovulation — oviposition cycle yauwall fe@y — wakidl 5,9a

a )

LH
Scotophase

14
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Vaginal
opening

Intestine
opening
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LH

Cellulae strati granulosi

72

photophase

open period

(20 19
24
14) 24
stigma folliculare
LH
PGE, PGE

LH

) Circadian

24

:Ovulation wail

theca externa

Q21 )

Collagenase

LH
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GNRH(s) (_|_)

Ovaries
(or testes)

-

g ey
"~ Anterior
Pituitary

Thecal cells

Progesterone

Graniulo ~ells \

Progesterane
Androgen

Estrogen

CIRCULATION

Psychological and
sensory influences

Anterior
pituitary

Estradiol or _.

testosterone \

Cellular targets throughout body




:0Viposition yawsl! ze@¢

musculus sphincter vaginae

bearing down

reflex

22 )

el | 099 it | ot | i 0 52
:Neurohypophyseal hormones and oviposition
(AVT) arginine vasotocin
AVT
AVT
AVT

:Prostaglandins and oviposition (sl fe@99 ik e IS b § wd |

PGE1

PGF2a
PGE, PGE,

PGE, PGF,an PGE PGF
PGE,

74
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sl vrssrel
with erythreyies
in theea eoll layer

Ovulation

Follicle Growth

Mitosds of sranulosa cell

Basement membrans:

-nli'l = ) r'|! |.n|-r

Carnmnulisn el

[divie |--| g ey e

Nueleus of aooyvie

.22
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acrosome reaction

.spermatogenesis

:Fertilization wiad
Syngamy

24 23 )

:Maturation of spermatozoa wiladl| geai
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Vitelline envelope

Cell membrane

Cortical granule

Mitochondrion

Nucleus




perm
nucleus
Cortical granule

secreting contents
Acro- into perivitelline
some space

Vitelline NV
membrane I G Sperm

Acrosomal . nucleus

process .. hlasma N

membrane

Altered vitelline
membrane prevents
further sperm
penetration

Supernumamryu__h

Sparm sperm
pronucleus-,

Jedly Layar
Witellina
envelope
I
/- rEgg plasma -
# mambeana /MICFUUI"LB

Acmosome-agg
inleraction

Protein bridges ——

Fertilization membrane
{vitelline armvelops and !
cortical granule contents) fi Parivitallina
| Fortilization space
mambrane |
Parivitaling '\. \
space :

Paich of sperm
mambrang

Egg plasma ke
mambrana e

=
hA 3
Centrigle””
el

Sperm pronucheus
In 8gg cytopiasm

24
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:Capacitation of spermat0zoa wilasl| wisss

Capacitation

15

:Acrosomal enzymes (f plall guid| i bout’si}

(acrosin )

025 ) ( 4-2)

:Yolk membranes and fertilization wibadly jkall MI
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GnRH .GnRH
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:Artificial insemination (s bidasad] gusidid|
method of choice sporadic application
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primary breeding organization

( 3 2 )

Common Muscovy
1 71

%40

gallinaceous birds
@ )
(4 )
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interspecific cross

ducks
4 :1 .10
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abdominal massage
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eagles hawks
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sand hill cranes
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1- van Wambeke (1972).

Na citrate. ,H,0 () 7.7
Citric acid (g) 1.3
Na glutamate. H,O (g) 20.1
Glucose — H,0 (g) 20.1
Skimmed milk (ml) 200
Egg albumin (ml) 150
Total volume (ml) 1000
pH 6.3
Osmotic pressure (mOsm /Kg H,0) 460
reconstituted =

2- Lake & Ravie (1979)

Na glutamate. H,O (g) 15.2
Glucose. H,O (g) 6
K citrate. H,0 (g) 1.28
BES* (g) 30.5
Mg acetate. 4H,0 (g) 0.8
1M NaOH (ml) 58
Total volume (ml) 1000
pH 4.05
Osmotic pressure 411

* BES = N,N — Bis (2 — hydroxylethyl) 2 — amino ethanesulphoric acid.
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3- Sexton (1977)

Na glutamate. H,O (Q) 8.67
K citrate. H,0 (g) 0.64
Na acetate. 3H,0 (g) 4.30
K,HPO,. 3H,0 (g) 12.7
KH,PO, (g) 0.65
Fructose. H,0O (g) 5
TES™* (9) 1.95
Total volume (ml) 1000
pH 7.5
Osmotic pressure 333

*TES = N - Tris (hydroxylmethyl) methyl — 2 - amino
ethanesulphonic acid.

4- Chaudhuri & Lake (1988).

( 40-20 )

Glucose. H,0 (g) 6

1M NaOH (ml) 27.5
TES (g) 13.74
NaCl (g) 8
Antibiotic mix* (ml) 1
Total volume (ml) 1000
pH 7.4
Osmotic pressure 382

* Antibiotic mix = 0.25 g streptomycin and 0.30 g penicillin dissolved
in5ml.
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van Lake_& Sexton | Lake et.
V\(’fg”?ge)’k (Fig‘é'ze) (1980) | al. (1984)
Na citrate. 2H,0 (g) 7.7 - - -
Citric acid (g) 1.3 - - -
Na glutamate. H,O (g) 20.1 19.2 9.63 11.0
Glucose. H,O (9) 20.1 3.6 - 3.6
Skimmed milk (ml) 200 - - -
Egg albumen (ml) 150 - - -
K citrate. H,O (g) - 2.2 0.71 1.28
BES* (g) - 18.9 - 30.5
Na acetate (anhydrous) ] 20 ) 146
(9)
Mg acetate. 4H,0 (g) - 1.05 - 0.8
1M NaOH (ml) - 36.0 - 56.0
Na acetate. 3H,O (g) - - 4.78 -
MgCl,. 6H,0 (q) - - 0.38 -
K,HPO,. 3H,0 (q) - - 14.1 -
KH,PO, (g) - - 0.72 -
Fructose. H,O (g) - - 5.55 -
Na,HPO, (anhydrous) (g) - - - 1.36
Total volume (ml) 1000 1000 1000 1000
pH 6.3 7.13 7.5 7.1
Osmotic pressure 460 406 366 402

(mOsm / Kg H,0)

e BES =N, N - Bis (2 — hydroxyethyl) — 2 aminoethanesulphonic acid.
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.(1978 Stewart Lake)

/7 ) ()
20 80-3.0| 57 | 09-0.1 0.35
75 70-50 | 50 | 0.3-0.15 0.15
10 6.0-35 | 50 | 0.5-0.08 0.2

13.5 14.0-80| 9.0 0.3-0.08 0.15

19 13.5-9.0 95 0.33-0.1 0.2
4.5 8.0-4.0 6.0 0.15-0.05 0.075
9.2 6.0-0.02 4.0 1.0-0.1 0.23
20 3.0-0.01 1.8 1.5-1.0 1.1
100
stroked
(B )
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ductus deferens

10 -7 4 -3
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aspiration
. 15
buffer
viability
30
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Insemination pipettes
A
pH buffers 2
3
CI glutamate
CI glutamate
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buffers
1. TES (N - tris (hydroxylmethyl) methyl — 2 — amino ethanesulphonic
acid).
2. BES (N,N - Bis (2 — hydroxylethyl) 2 — amino ethanesulphonic acid).
7.5 6.8 pH buffers
(1)
special benches
bench
- 10  pooled

30

primary breeding programme

(Smad | Julld | o

120



freezing

contaminant

yellowish red

5 - 1)
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100

sperm morphology

scale

metabolic activity

thawing

(5 ) pearly white

colour

brownish red pigmints

.pearly white
sperm motility
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forward progression

4:1 3:1 .visual examination
individual cells

swirling mass

.waves
G )
100
.1 mg/ul
chamber
.Standard calibrated
subsamples

fine jet detector
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spermatocrit

pcv

4
spectrophotometer
spermatocrit
spectrophotometer
live — dead stain ( - )
eosin nigrosin eosin
eosin aniline blue
6 ) pink

nigrosin 8 7

aniline blue

1000
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The exclusion of ethidium bromide

DNA ethidium bromide fluorescence
fluorescence

digitonin fluorescence
@ )
fluorescence
(11 10 )
( )

(15 14 13 12 )

el (§ whiadd| 2059
A1
2
3
A
1)
.6
50
100
100
200
pool
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(N)

=N
100
20 - 5
5-4
200 — 40
0.05
V) 0.05
(/7 ) x ()
( 0.05) x =V

insemination pipettes

oviposition

%40 - 20

.Sperm storage tubules
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cloaca
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.3
2 1 )
.buffering capacity
24 5
15 48
15
6
48
brokers
el (S e el
cryopreservation
.(viability )
cryopreserve
cryopreservation
%99 — 98
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protocols
cryopreservation

liquid semen
frozen semen
liquid semen
24
glycerol (DMSOQO) dimethylsulphoxide cryopreservatives

) liquid semen
(4

cryopreservation

1. Lake & Stewart (1978).

Glycerol (g) 136.4
K acetate () 5
Mg acetate. 4H,0 (q) 0.8
Na glutamate. H,O (g) 19.2
Fructose. H,O () 8.0
Polyvinyl pyrrolidone 3
(MW 10000) (9)

Total volume (ml) 1000
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2. BPSE (Sexton, 1977)

Dimethylsulphoxide (ml) 40

K citrate. H,0 (g) 0.64
Na glutamate. H,O (Q) 8.64
Na acetate. 3H,0 (g) 4.30
MgCl,. 6H,0 (g) 0.34
K,HPO,. 3H,0 (g) 12.7
KH,PO,(Q) 0.65
Fructose. H,0O (g) 5.0

TES (g) 1.95
Total volume (ml) 1000

3. Tajimaetal, 1989

Glycerol (g) 80
K acetate () 2.1
K glutamate () 2.1
K citrate. H,0 (g) 0.5
MgSO, (g) 0.35
Na glutamate. H,O (g) 6.0
Na acetate (g) 2.5
K,HPO, (9) 7.0
KH,PO, (g) 1.6
KOH (g) 1.0
Na, HPO, (g) 0.8
Glucose (g) 10
Sorbitol (g) 0.7
TES (g) 4.0
Hepes* (Q) 3.0
BES (g) 3.0
Total volume (ml) 1000

*Hepes: N — 2 — hydroxy ethyl piperazine — N — 2 ethane Sulphonic acid.
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5-2
straws vials
.cryopreseravation
15-5
cryopreservatives
cell suspension
vial 40 - 35 - 1

5 vials
DMSO cryopreservatives

cryopreservatives

( [/ ) %0.7
.DMSO
supernatant non — glycerolized diluent
resuspended 5
dialysis technology
100 pl
3 neat semen
cryopreservatives DMSO

banks of semen
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.ovum
oviposition
nesting sites behavioral repertoire

mechanical stimulation
neuro endocrine control
shell gland
feed stuffs medullary bones depots

:The female reproductive tract diges) Al | &k
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250 50

gonadal steroids
lysozyme avidin

ovaalbumen

fibers

molecular level

ligaments

dorsolateral entire length
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( )
.ovum
peritoneum
sheet
underlying mucosa
tubular glands : inner lining
interspersed
sparse infundibulum
epithelium
magnum
.shell gland isthmus
lymphatic cells
tertiary mucosa

.immune challenge
neural inputs
autonomic nervous system
Sensory nerves
thread irritants
CaCO3
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walled tissue
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:The infundibulum geid|

fimbria

flared end

sperm penetration

fimbria

extravitelline

22 - 15 mucosa

secondary ridges

%354

ovomucoid  ovotransferrin
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folded

yolk membrane
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Infundibulum

Magnum

Isthmus

Ciliation

145 il ol



A b adla o ddalall ) galal) Jaulis dald

avidin
complete array
ovomucin

epithelium

yolk

mechanical distension

nascent granules

avidin lysozyme ovalbumin
.gene expression

lysozyme

encodes nucleotide
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Interwoven
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2
isthmo — uterine junction - tubular shell gland
8
calcification
8/ 0.15
anchor mamilliary cores
1110 ) shell membranes

shell gland pouch

epithelial surface

Ca+2
.carbonic anhydrase
Ca™ calcium binding protein
Ca+2
key enzyme carbonic anhydrase
CO;”

CaCO;

protein portions
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Cloaca

Isthmus

Forms the shell
membrane

Uterus (Shell Gland)

Egg remains in gland _

for 20 hours. Eqgg S Passage of eqy
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to water uptake and = Site of short-term

|5 site of calicification ; Sperm storage
follow mating.
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porphyrin derivatives

cuticle
8 gl | (el 10 i Sl | ot yui
:Deposition of calcium on the shell
500
Ca" molecular mechanisms
.carbonate ion
Ca+2
/ 100 Ca™

/ 270 — 200
very low density
Vitellogenin (VLDL) lipoprotein
unavailable follicle
) ionized Ca'™

%20 (inorganic Ca"

Ca™ : sequestered

perfusing

Ca™

calcification

.oestrogens androgens
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3. Mammiillary Layer

-
":'} 4. Shell Membrane

5. Mamilla 6. Protein matrix material forming
(Mammillary Knob) core of mammilla
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1,25—dihydroxycholecalciferol
precursor (1, 25 (OH), D»)

Ca+2

supersaturated concentration

Ca+2
12-4 Ca”
Ca+2
physiological compartments
D gastro intestinal tract
(PTH) parathyroid hormone
.parathyroid glands
scotophase
calcareous grit
storage depots
depots
calcium phosphate labile form
.long bones medullary bone
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tetany
rubbery
.autopsy

vascular system

hydroxyproline
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chronic
demineralized
cortical bone

cage layer fatigue

demineralized
bone reserves
reabsorption of bone
Ca+2
.calcification

organic matrix

osteoclasts
.PTH
PTH
.parathyroid glands PTH
Ca+2
osteoclasts PTH
osteoblasts
shell calcification
net effect
.bone depots accrual
alkaline phosphatase acid phosphatase
osteoblasts osteoclasts
hens
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10D : 14L
reabsorbed
passage
Ca" gastrointestinal tract
crop
scotophase gastrointestinal tract
gizzard . delivery
acidic environment
jejunum
practical poultry diets
particles
Jimestone pellets oyster shell
mineral

temporary storage depot

nocturnal
particulate form
D
D; .1,25—dihydroxycholecalciferol
25-hydroxycholecalciferol
1,25— dihydroxycholecalciferol hydroxylated
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parathyroid gland extracellular fluid
PTH .PTH

1,25— 25-hydroxycholecalciferol
.dihydroxycholecalciferol

bone reserves 1,25—dihydroxycholecalciferol

B | gl i gt S et

:Deposition of carbonate on the shell

CO,
carbonic anhydrase H,O CO,
HCO, H’ H,0 CO,
carbonic
Hzo + C02 P > H+ + HCO3_
anhydrase
pH . pH systemic vascular system
H+
renal clearance vehicle
CO, . NH,
CO,
(HCOy)
HCOy5’ CO,

HCO5 CO,
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pH

.vascular system shell gland mucosa

buffering capacity

H CO,
CO, . respiration rate
H+
respiratory center HCO;5
breath 12 7
H CO,
CO, . dissociation equation
— pitted
CO, .exhaled CO, Panting
CO;>
CO,
inhaled air
© i | e g ety b
:The dynamics of shell deposition
Na' Mg K"
Cr
Ca™ HCO; CO, active transport

(ATPase systems) ATPase
Mg? CI' K° Na'
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HCO5 Ca”
destination concentration gradient

Mg? CI' K Na'

recirculated
6
6
uterine fluid
HCOy CaCO;
carbonic anhydrase CO;”
carbonic
HCO5 > H' + CO;°
anhydrase
Ca” + COy> ——* CaCO;
physiological systems
.speculative

phosphorus—containing proteins
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viable

400

10

acid phosphatases

in vivo

apical
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Mg+2
ol guidd] Jo 19 whladd] gy
:Sperm storage in vivo
200 - 100
28 14
5-2
circular folds
epithelial

.unidentified acid mucopolysaccharide

fertile period harbour

(1312 ) sperm storage tubules
25000
blind end
%75
150
%7
glycogen lipids
products
microvilli
tubular glands borders

60

sperm release
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.fimbria
secondary sperm storage sites
shallow clefts
catheters
fertilizing capacity life

pharmacological response
physiological response

hospitable environment

ascend
directed random guest
.all — or — none processes
mechanical distension faciliated
sphincter
oviposition
fertile period sperm host glands
discharge
autonomously
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sphincter
barrier
Indian ink

JIntravaginal insemination

by passed
ascend particles
:The vagina Juid|
(S - shaped) S
cloaca
circular muscle layer (8 ) oviposition

expel

sperm storage tubule containing region

.(14 ) acidic mucopolysaccharide

:0VIPOSItion ydud| Fu@§ dubins
fully calcified expulsion
behavioral repertoire
last oviposition
sequence
.ovulation preovulatory endocrine events

classical experiments

premature oviposition premature ovulation
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:Contraction of the muscles of the shell gland

descend
weak musculature
.nfrequent
Fra E,
.arginine vasotocin
Fra
arginine vasotocin
relaxation E,
vaginal sphincter
musculature
preovulatory granulosa cells Fra
postovulatory
preovulatory (surges of LH) LH
venous drainage exported
.peripheral plasma
arginine vasotocin 10 -5
F>a
E, previous egg expel

expedite

arginine vasotocin
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neural reflex arginine vasotocin /
parturition
neural connections
posterior sections
(F1 tissues) F1 Fra
.(F1 follicle) F1 venous drainage
mid — sequence

F,a endocrine profile

Fz(X
marginal increase
F-a venous concentration

tissue concentration

signal LH

peripheral plasma

expulsion arginine vasotocin

:Nesting behaviour Jisisted| o el

behavioural repertoire

specific pre — laying call
cackle
nesting expression duration

cages behaviour
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.floor pens
nest boxes
.nest sites
40
secluded nests
exaggerated gait
hip legs
— nest box
rudimentary nest
back nesting material pieces throwing
“penguin — like” stance vertical stance
characteristic posture
squatting standing
battery cages
stereotyped ( )
.nesting material stereotyped nest — building behaviour
vocalizations
temporal cues
.egg expelled yolk ovulation
behavioural repertoire
arginine vasotocin
compulsive behaviour
motivation supersedes
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gizzard motility

physiological signals

oviposition ovulation
dissociated follicular rupture suspended
oviposition
surmised
oestrogens preovulatory surges
progesterone androgens

arginine vasotocin

180 %40
blunt end

reorientation

pointed end blunt end
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:Photoperiodism (suigual! wiglaed!
seasonal breeders
temperate and northern latitudes
1921 Roman .lengthening day
Juncos
Juncos
.Edmonton

:Perception of light squall esall ol a2l

neurons cones rods
.image
50
hypothalamus
endocrine system

(2 1 )

light — dark cycle - retinal photoreceptors
sighted

black hoods

photostimulatory lighting regimes

intracranial location

plucking
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sparrows

dim photostimulatory lighting regimes

optical fibres

radioluminous paint

.prediction
obliterate

.depolarization
retina
cascade

11 - cis - retinol

opsin
opsin
excitatory cascade
intracellular sodium

immunohistochemical techniques

171

photoschedule

hypothalamus

vicinity
light — emitting diodes

frequent depolarization
multiple unit

photoperiods
tuberal hypothalamus

Rhodopsin
neural energy

intracellular responses

rhodopsin
(4
large protein
cis — retinol
release
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via skull

‘/ LIGHT
| via skull I :

- Y

reception
transmission

Lnerv

circadian clock
reception
transmission

[via optic g
e/

reception \"‘““‘“

transmission
HARDERIAN

processing

reception?
transmission ?

fHYPOTHALAMUS

Photoreceptor cell is basic unit of light

detection.

Contains photopigment
molecule rhodopsin.

rod cell in vertebrate eye
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.rhodopsin — mediated photoreception
system
doves opsin — like protein
ducks quail
.highly specific monoclonal antibody
perception opsin — like protein

(oniguial | sl Gummal | i il
:Endocrine effects of photostimulation

endocrine signal long days
FSH LH

hypothalamic neurous GnRH

polypeptide producing — GnRH
.hypothalamic portal vasculature
Immediate

photoperiodic application

long day short day daylength

physiological cascade

:Critical day length gl jbied| Joda

gonadotrophin subsequent rate
.gonadal growth
non — domesticated species
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Detecting photons requires rhodopsin,

a protein complex of subunits opsin
and retinol.

Retinol

Cell membrane

When retinol absorbs photon, it
changes shape.

.Mlight Z‘M

cis form trans form
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Opsin

Retinol
¥

Rhodopsin
Change in retinol shape:
1. closes Na+ channels.
2. changes membrane's electric properties

11.5 testicular growth
LH : 13
135 : 10.5 16 : 8 hens
11.25: 12.75
graded response

8 intermittent lighting regime
10 10 16 :
.llumination
data : LH
hen exquisite sensitivity
LH / 10

LH
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squall guadd ol jadlg dygadl wilbslisl
:Circadian rhythms and light perception

internal circadian rhythms
.night — interruption -
.constant darkness
"scan" 8
overlapping periodes
LH

periodic responsiveness : LH

.photosensitivity recurring intervals

defies photosensitive phase

anatomical sence

.photoschedules theoretical framework
short days
long days : illuminate
.LH
illuminated
gonadotrophins
reproductive processes

stimulatory photoschedule

hen dawn signal
count .(time 0) circadian clock

dawn 11 passage of time
internal oscillator light — on
second signal
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amplified neural output photon
.subsequent hormonal cascade

ot el | | sl (guid| 5209 B skl B dai
:Light intensity and perception of photoperiods

relative
lighted ratio .absolute
not illuminated barn
minimum ratio .day night
non — illuminated illuminated light intensity
scotoperiod photoperiod )
perceived (
illuminated portion
light — on
Jdight — off
cues
phase
oviposition circadian rhythm
photoperiodic stimulation activity

photoperiodic response
photosensitivity
relative intensity
.photostimulation
photoperiod

0.4
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5 threshold .darkness

.maximal photoperiodic response

combinations photostimulated
1  photoperiod illuminated .dim bright
active dark scotoperiod
50 10 .photoperiodic response
photoperiod response 1 14
Inactive 1

relative light intensity

supplemental light natural light
100
light — off 10
pioneers empirical knowledge
supplement winter lighting programmes

natural day light

ample evidence windowed open — sided
extension interpret hens

.very bright day

dim supplemental light

hen contrast

adequate signal supplemental lighting regimes

tropics
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open — sided housing low latitudes

:photorefractoriness dugual| &5kl

fail
maximal levels
long days
photorefractoriness
strains
15 -12
gonadotrophins
.gonadotrophin releasing hormone
regresses gonads
.photostimulation
.broiler breeder hens
photorefractory hens
12 - 10 short days
dissipation
involution short days .forced moulting

loss and replenishment of feathers

reset
photoperiodic signal
starling
photoperiodic stimulus
6: 18  starlings

reproductive function
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( 13 : 11 ) marginal photostimulatory lighting regimes

13 : 11

marginally stimulatory photoschedules

ouiuial | ‘il (el yuinitd

The minimum age of photostimulation

.short days photosensitivity
-8 photosensitivity
12
minimum age
femal
photoperiodic and nutritional manipulations
male
roosters toms
juvenile
ikl | Tudad 19 (ol Guid| il |
:photoperiodism and sexual maturation
.photostimulatory lighting regime
16 : 8 24

22
.providing photostimulation
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.negative feedback control
androgen
LH
LH
oestrogen

small ovarian follicles

photoperiodic initation

hypothalamic photoreceptors
GnRH secreting neurons GnRH
LH FSH

castrated birds
LH LH

capons castration LH
gonadal

steroid hormones

sQuall i gkl 1§ il | il i) 50 Sl (o ot | )9 ol
The photoperiodic response is the sum of photoinhibitionary
and photostimulatory responses:

multitude
empirical trials
photoperiodic response

GnRH inhibitory and stimulatory inputs

previous exposure

dissipate

181 abad) Juadl)



e b ajla

(GnRH neurons) GnRH

12 20 :

insensitive

GnRH
photostimulation

ddalall ) gulall Sl Aaled

LH
inhibitory response

inhibition intensify

.reproduction ceases

abundant photostimulatory responses
light photoinhibitory effect
inferences
12 : 12 4 : 20
12
LH
net effect

declining photoperiod
.photoperiodic stimulation

photoperiodic signal

LH

commercial lighting regimes

182
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(W)

ways sexual dimorphism

( )

o | e et | JUD G bl | e | i i
:Sexondary sexual characteristics during development and at hatch

female embryo

left gonad primordial germ cells
gonads incubation
autopsy
(1 ) external characteristics

down colour

structure universal
grandparent .poultry industry
off — sex parent
breeding scheme
Masui 1927
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yolk sac:  embryo chaorion amnion allantois

A uditory
. Vesicle

-

|Oitaciory Pit

i
-2

Aoy
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(2 ) vent — sex
game birds
/ 1300 %95
remarkable visual acuity
B (2)
(73) /
(s (S)
() s'/s" homozygous
(4 3 )
(6 5
New Hampshire red

Rhode Island Red

Light Sussex
(Light Dorking

185
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.water fowl
800
.%99
manual dexterity

/

sex — linked genes

LS T RE TR Sl
( ) -/ S hemizygous
pale yellow
brown
) reddish brown
brown

Brown Leghorn

.silver

)
Silver Laced Wyandotte
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(7 ) White Plymouth Rocks
(8 ) White Wyandottes

recessive
(c) autosomal gene homozygous
U
(9 ) autosomal locus
autosexing crosses
colour — sexed stocks
sex — linked /
.meat stocks
breeders
(4 3 )
follicle emerge bands
10 )
(12 11
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(12 11 )
13 )
(14

(ZW) (Z2)

.dark — pigmented feathers

strains

.adult plumage colour

1950 - 1930
syntgetic strains
gl Gl (ool o] 50§ et

primary
K primary covert
.sex — linked K locus
(K/K)
(15 ) (K*/KY)

endogenous viral gene integral part /
) EV 21 .ev 21

(ev 21 infectious viral product
congenitally
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[ Cockerel
\ Primary

Covert=—+ | /0. 1

15
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EV 21 congenital infection
lymphoid leukosis

(g0 919 Tl ddl (P Tuaddlg Guoml] Jaiet (P ol | il Wi
(17 16 )

%70
A7 )

( ) sarcomeres

ossification
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absolute basis
.adipose tissue

i 71239 bl bl

(19 18 )

(14 - 12)

:Caponization guadll
capon
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(1937) Landouer

32

toms
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gonadotrophin
GnRH
.LH
LH
LH

LH
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5-3
basal levels

LH
LH

.LH
GnRH

.LH

LH
surge .GnRH
LH -
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(23 22 21 20 ) head furnishing

masculinized female

capon Poulard
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HACKLE
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20 ) spur
(21
( )

medullary bone
egg yolk precursors

il | 5 gl (| gl |

.Spontaneous sex reversal

functional males

.sired offspring
testes — like structures
Ovtestes
steroidgenically functional
spermatogenesis .male phenotype
primordial germ cells
allure sexual differentiation fascination
W Z encoded
physiological massage
sexual differentiation

triploidy

mosaics
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/ diploid /haploid
feminized W

- chimeras .female phenotype
male — female diploid

W
.Z0
classical cytology
Z W molecular probes
aromatase feminization

genetically male embryos
external genitalia

genetic female

.genotypic sex

phenotypic males

fertile
genetically female cells
Z spermatids

wW
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.phenotypic males

primordial germ cells

fertile males
Jo | il el J b il | o]
/
LH
ovrian hierarchy
LH
.prolific layers
body composition
lean body tissue
fat content
mature weight
.ad libitum 22 5
3 primary breeding companies
24
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settable
defective egg
overweight birds normal eggs

pragmatic understanding
LH

22
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Nutrition, Food Consumption and Reproduction

:Nutrient Requirements e || eiballadd |

NRC

Uric acid

.Chronic gout
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Spermatogenesis

:Provision of Nutrients el duid| e bisd! i gui

.ad libitum
hepatic lipid
.excess ovarian development

%40

50
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%60 — 50

uniformity of body weight
%10 +

opposing forces of aggression

211
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%385

Bulky feeds

sexual dimorphism

fine grills
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300 - 200
-2
regression
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Induced Molting asall guldid|

18

life span

%20 — 10
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postnuptial
( ) Ty T
Corticosterone
Corticosterone
Hypothalamo — pituitary axis
GnRH Refractive
gonadotrophin
LH
LH Corticosterone
14
Ty Ts
30 - 25 Oestradiol LH

endocrine profile
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6

Mutually exclusive
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hierarchy of ovarian follicles

.partial involution

3
.%0.03

post — moult period
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Mediterranean

lipolysis

215

pharmacology

potential toxicity

un attractive

.animal welfare

aligdlg Sl 52 widitd| i
:Voluntary Feed Restriction and Broodiness

reproduction

bantam chickens
breeds
.turkey breeder hens
20 natural clutch
.feral conditions

incubation

bantam hen

fasting

lipid reserves

B — hydroxybutyrate ketones
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LH
gonadotrophins support
induced moult
precipitous decline

.ovarian regression

collapse

70
LH
)
anorexia
low frequency
LH
breast
brood patch vascularization
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broodiness

regress

reproductive function

reproductive regression

target tissues

hypothalamo — pituitary axis

.ovarian collapse

nesting time (

nesting frequency

extensive brood

incubating hen

oedema

tactile stimulation

216

physiological signals
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LH

incubation behaviour
antiovarian influence
granulosa and thecal tissues
.steroidogenesis
.brood patch secondary target tissues
visual stimuli
straw nesting materials

shavings

LH
tactile Sensory neurons

visual

neuro transmitters

widely divergent stimuli

neuroendocrine influence
VIP : (VIP) vasoactive intestinal peptide
mediobasal hypothalamus
.external median eminence
portal vascular system
- VIP .lactotrophic
gastro — intestinal system
prolactin — releasing hormone
VIP

VIP immunizing
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nruropeptides
catecholamines
mediator indoleamines
methysergide
serotonin

.synaptic junctions
LH
P — chlorophenylalanine

expression

pharmacological agents

effective deterrents

set

pens weekly intervals
nest boxes
wire mesh

sand floor
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