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Abstract

The objective of this study was to describe histological characteristics of the female germ cells and to
characterize progesterone receptors expression in the ovary of Oratosquilla nepa. The histology of the ovary
demonstrated subsequent stages of development of the oocytes. According to their cellular characteristics,
oogonia and 5 types of oocytes were classified : early chromatin nucleolus (Oc1), late chromatin nucleolus (Oc2),
previtellogenic oocyte (Oc3), vitellogenic oocyte (Oc4) and mature oocyte (Oc5). Oogonium has condensed
basophilic heterochromatin which is usually located near the nuclear membrane. Oc1 has a round nucleus
containing dispersed heterochromatin. Oc2 has a round nucleus with 1-2 nucleoli, basophilic cytoplasm. Oc3 are
larger, cytoplasm fill with vacuolated globules. Oc4 is characterized by the appearance of yolk granules in
cytoplasm. Oc5 is the largest of the germ cells. The cytoplasm is filled with yolk plates stained orange color with
hematoxylin-eosin. Progesterone receptor y immunoreactivity was detected in cytoplasm of Oc2 and follicular cells
of Oc3, Oc4 and Oc5. In contrast, there was no progesterone receptor immunoreactivity was observed in oogonia

and Oc1.
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AANUARLAYY (Oratosquilla nepa ) \lunsanuautianils 4naynsuisiulu Subphylum Crustacean Class
Malacostraca Teaa13tyAa Mantis shrimp fesnuaunuunlulanfauLazdunnan 300 a1ldd  (Ahyong, 2004)
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1 ¢ viatinld waz gonophores (Nagaraju, 2011) n1sANE R gyaIne198959lauaznIsWmUILTARALRUELNALTE
13dnflulanndanuaunnnuailindndiasegianantuaziie 1wy Portunus pelagicus (Ravi & Manisseri, 2012
‘JJJ Travancoriana schirnerae (Smija & Devi, 2015) ﬁd Exhippolysmata oplophoroides (Braga et al., 2016) W@ :ﬁ\i
WATEINT  Procambarus clarkii (Kulkarni, Glade, & Fingerman, 1991) l,wiﬂ’]‘iﬁm:rﬂuﬁﬂﬁﬁ@ﬂu’m mil,l,’ﬁtylﬁu‘l:mmm
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Subramoniam, 2016) gailuulisiaamalsuainnsonsaanu i ludnsliinszgndundsuanaatiniguy P. trituberculatus
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(Feng et al., 2009) ﬁm@ﬂmm% Homarus americanus (Couch, Hagino, & Lee, 1987) LL@x‘]_JJ Eriocheir sinensis (Wu
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ANTazaNEYLaIARaNANLLaIEafaY 70% eniueanait-aieaunsyiaiiadie iidvaes aaniinsiede lUAnw

slafnawmATia histological technique, histochemical technique AL immunocytochemical technique

Histological technique
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Histochemical technique
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FaTuiiaidenideluniaiiu Aldannduneu histological technique 941 6 lulATiNAT wadand periodic
acid-Schiff and hematoxylin (PAS/H) L‘Wlfaﬁm:f’] neutral glycoaminoglycan (GAGs) Wkae faudanud bromophenol
blue iefnElisFiu (Pearse, 1960)

Immunocytochemical technique
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¥ 1
o A o
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LLﬁQﬂNLi@Lﬁﬂiummm’m blocking solution (@138<a1¢ PBS 4% i bovine serum albumin (BSA), 5% normal goat
serum, and 0.4% Triton X-100) etlaarunisifianieduatnglisnimnzaeauauiiag aniudamatudasansazane
PBS ﬁwﬁmfffuiummmm polyclonal rabbit anti-human progesterone receptor (Santa Cruz Biotechnology, USA)
Aaidindiv 1:500 luansazans PBS antiutumadulugnsazans biotinylated secondary antibody (Thermo Fisher

Scientific, USA) txiaaduluaisazane streptavidin-peroxidase conjugate msaauazesiounisdninaduly
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ludndafanidaaluszndnanszuaunng vitellogenesis NAuANRUEUN19d9LATILIT99ATRY carotenid Ta1Tlu

dauilsznavaas vitellogenin (Fyhn & Costlow, 1977)
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nsuiNszaEN IR UIIasTaRAUN U ludnsaTannTaa udazaia ldmdauny Wufis M. rosenbergii
wiaiilu 5 9za2 Tnald aunn n1sazan yolk way 3uUirsmaaneadiAa (O'Donovan, Abraham, & Cohen, 1984)
1 Sodhiiana iranica Wiy 7 seeay Tnel¥nnauasuutlasaesianasauaslomnanads (Sharifian, et al., 2015) Waz
y Cardisoma guanhumi wiialu 4 sz 14 g1d19 dadautiaiedeasia lainnanadn nnsvindjheniudsine) (Souza
et al, 2017 ) LIARAUWUSINALN D Radnuauidsautadly 6 szagldudsrazialalnigs (Og) 32812 early chromatin
nucleolus (Oc1) ¥y late chromatin nucleolus (Oc2) Fxely previtellogenic oocyte (Oc3) Teele vitellogenic oocyte
(Oc4) waz3zal mature oocyte (Oc5) IABLLNATNIUIATBILTAR ANTLSLAZIUIATRIRILARLE Anwnizaeeldin
NA1RTNLAZNTANE H & E @ PAS wazd bromophenol blue
g8z oogonia (Og)

wad Selelnilonfisinmsdld unn 11.33% 24 Fiandeasunalvg Siulemelslnsnfuiadicu
dunszaneninfianaes linufanaleda (nndl 24) TlalnnanadudwutiesdlenReudiaufuaneaesionaes
wadlelalniflefinisutiefarfeauuululnda (Desouza & Silva, 2009; Stewart et al., 2007) Laaa lalalniile
FINNGNLTIINL germinal zone (germarium) fidadeAaamuensey (King, 1948; Krol et al., 1992) germinal zone
nelueldfednuauidsanunTonunsanaisaaeild (NAWT 2A) ilaudy germinal zone Anuluieldae
P. pelagicus (Ravi, Manisseri, & Sanil, 2012) Potamon dehaani Waz P. clarkii (Ando & Makioka, 1998; 1999)

gz early chromatin nucleolus (Oc1)
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NoARARRRNTDL (NN 2A)
gzele late chromatin nucleolus (Oc2)
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lalnwanadufinAguntnRu (Nnd 2B) waRnduRuninau msznielulamnanaduil lsTulauuazidulananaiin
LIRAAMANANWIUNN (Smija & Devi, 2015; Kessel, 1968.) L%@§Wﬂ@§Lﬁ@ﬁgﬂéﬁdLﬂugﬂm‘;’mﬂ (N9 2B )
gzl previtellogenic (Oc3)

asigsnmadla aum 70.55 + 5.38 Tulasiumns famduagdiranan wuigewnalslasnisiu iiudumnn
v a a nI/ a = dl 2 v a a = o a = dﬁl
Hanfndguynszarsiatiandsaiilefionsiond H & E wullandledansananefiaindaa uazsvesiny vacuolated
globules nezanavialainwanadn Hanwuznanvises nelufnfanyane Wefienfasd H & E (1ni 20) usifiax
1dAnd PAS waz@ bromphenol blue (N#9N2D; 2E) vacuolated globule nuinMiflunseuduiunisazas yolk
(Smija & Davi, 2015) Li@3u i vacuolated globules lulainnaradnuansdnlalelafnnasasidfeuiuszes

vitellogenesis sialil (Minagawa et.al.,1993) Talalassres il wadWaadiAn ginsanszassdansan (nN1wi 2C)
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A 2 ansnuqnselalalnidien (Og) Talalasisza late chromatin nucleolus (Oc2) wazszely previtellogenic (Oc3)

melusalafamnunuden

(A) Og uaz Oc1 WULBLN germinal zone (gz) )5ﬂuiﬂur§1’qm§m§'mﬁmﬁu (CNT) flapaleda (No)

(B) Talalasfszas late chromatin nucleolus (Oc2) filawmdga (Nu) 2w lvnjuazwu Haadlada (No) nang
TAurana Telaladdanseusiosmasnaadiia (Fc)

(©) Talalafsvey (Oc3) ﬁmmm‘lmﬁyu wAIUIATLAREE (Nu) Lanaa HaadledaLlsi (No) WU vacuolated
globule (V) 1 lalnwanad ﬁmﬁwmmuﬁ'@ fianfned H & E wasnaaawAa ( Fc): Yolk
granule (Yg)

(D) Oc3 # vacuolated globule (V) fian1uF@n@ bromophenol blue fawAdea (Nu)

(E) Oc3 # vacuolated globule (V) fianlsifind PAS/H fata@daa (Nu)
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gzag vitellogenic (Oc4)
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#5149 yolk (Nicolau et al., 2012) yolk granules fanfndunRuduledianfond bromphenol blue (N1A 3C)UARIIN
yolk {ldsAwiudaudsznau yolk tsznandaein Wed lasi v mna sifesesd ge5luunneTiie (Couch & Hagino,
1983; Adiyodi, 1985) LAz 70191 AT Ug M FLNN IR RN Ta9F 8 0 (Krol et al., 1992) N19&514 yolk Tudnd
crustacean N 2 3% 35UINAF199N Rough endoplasmic reticulum ag Golgi complexes Wwlanwanatuveslele o
LA :ﬁ%ﬁmm 451921 fat body YER hepatopancreas (Wolin et al., 1973; Ferreira et al., 2012; Soroka, Milner, &
Sagi, 2000) ANl yolk gnaudasosdNaNT (Yehezkel et al., 2000) wdnasridinglalalas fqeiT micropinocytosis
(Papathanassiou & King, 1984) n13@514 yolk gasaasfiuusfigesaiieannmeanalelod (Suzuki et al., 1989)
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328z Maturation (Oc5)
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A 3 sansTalelasfazes vitellogenic (Oc4) uaz Talalafszas maturation (Oc5)
(A) Oc4 Raunalun) § germinal vesicle (Gv) NaN9LIag waz yolk granules (Yg) Anddunszanevialainnanaty
Slefiondned H & E 1iadweadlAa (Fc); Germinal vesicle (Gv)
(B) Oc4 § germinal vesicle (Gv) na1411ad waz yolk granules (Yg) ﬁﬂgmuwﬁ'ﬂﬁ@ua PAS/H tiaanaadilAa (Fc)
(C) Oc4 { yolk granules (Yg) AntinGud Wetiend bromophenol blue
(D) Oc5 & yolk plates (Yp) Anddunsvanavinlalnnanady Wedended H & £ wadweadiAa (Fo)
(E) Oc5# yolk plates (Yp) ﬁm?ﬁmummmw%iﬂwwmﬁu ilatiaudaed PAS/H liadwaadLAa (Fo)

(F) Oc5# yolk plates (Yp) An&unRunszatasialainnanads ietianmaed bromophenol blue

N19M929U" progesterone receptors Tuselansnnumauidian (0.nepa)

gafluulilsiaamalsudunuimdrdnyTunisaruaunisiamssuuduiugesdadinszgndunauazdn sl

D

nszaNdUNaY (Fingerman , Nagahshanam & Sarojini , 1993) ga3luulilsiaainalsuludniinszgndunasinuding

o &

AILAN sexual differentiation WAZNNINIUIBITZUVAUWUS (Quadros et al., 2002) wsgaslunlilsiaamalsuludnd
Tﬂﬁﬂiz@ﬂﬁwﬁqﬁmﬁﬂﬁlmuamizmumi vitellogenesis wazn1aiivinvesle (Lafont & Mathieu, 2007) NsANEA
gosluulilsaamelsulualuaufiuasidedanio ﬁmqmmﬁm{ﬂ?ﬂmL%aﬁm’mﬁ%ﬁqﬁy 1% Gas chromatography/
mass spectrometry (Fairs, Quinlan & Goad, 1990) A% Radioimmunoassay (RIA) (Warrier et al., 2001) 3% enzyme-

linked immunosorbent assay (ELISA) (Ye et al., 2010) WATAD immunohistochemistry (Paolucci, Cristo, & Cosmo,
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2002) NUAdEARTAYAN R LMTe s projesterone receptors luselifasnunudaodonin immunochemistry W19
progesterone receptors faunnlainnaratnaealalelafssey late chromatin nucleolus (Oc2)) (ﬂ’lwﬁl 4A) g5l
Tsiagnalsuilu steroid hormone ﬁammzmtim@hﬁm%ﬁﬁﬁuﬁu progesterone receptors Mlainnaiadu
(Robinson et al., 2001) ANt progesterone receptor-PR complex aviAaeLEN AR AdLAURL gene WATNITHU
N72UIUNT transcription (Thomas et al., 2007) UaNANNEHALATEA T TN progesterone receptors flanfn
LﬁlﬂﬁuLﬁ@@“ﬂfﬂ?ﬂiﬁnﬁuﬂwﬁ@ﬁmj@aLﬁﬂé'@m'ﬂu‘iﬂ‘ll@isnﬁiwz previtellogenic (Oc3) s=a1 vitellogenic (Oc4) WaxIeel
maturation (Oc5) (N ’IW‘ﬁl 4A; 4B: 4C) ARNE ﬁ/‘l_liJl S. paramamosain W@ LUin Octopus vulganis (Di Cosmo
et al.,1998) Wil progesterone receptors él"am?lmLsmﬁwfaﬂaLﬁﬂﬁﬁuiﬂiﬂiﬁﬁﬁﬁ‘:ﬂ: vitellogenic stage | Langinaailuu

progesterone N9fi LiaaWaadLAa Hiauds yolk 1inglaTalmelnecinu progesterone receptors (Ye et al., 2010)

Fc-

P
o o =

NINT 4 N1INTTANYLRY progesterone receptors L ldueend AnuATE

(A) Polyclonal rabbit anti-human progesterone receptor fonmnlainnaradnaeslelelofseas late
chromatin (Oc2) meé’@mﬁmﬁmLﬁﬂﬁmL%@@‘T@T@iﬁﬂﬁl,m:vmﬁw‘ﬂ@aLﬁ@é’ﬂmm‘iﬂ‘ﬂﬂiﬁﬁﬁ@zm Oc3
wrtlanluFmanadleleiniile (Og) wazlalalnsszas early chromatin nucleolus (Oc1)

(B) Polyclonal rabbit anti-human progesterone receptor fianpaaanaaaLAa (Fc) Fideusanlalelas
szl vitellogenic (Oc4) Germinal vesicle (Gv)

(C) Polyclonal rabbit anti-human progesterone receptor fianfnasnaaanalale lbsfszey

maturation (0c5) NMMNUNINUENSIIARNAAALARA (scale bar = 20 luAsat)

a71nan1s3e
NuAdATIRaNnsasUfdTaseaieeclele ladszazsne ludasnuauan lduanAisainiasaainees
Telelasfresnfandisatiingu] wiszezaeanisimuiveslalelafunnsnepiiasannouEildunnseiy wazain
a o 02/1 db = s ' ar ' oa// o = ¥ 1 o
NUAiBATIIATIANL progesterone receptors Nlalalsisrazsineasivlisesivinunudaasnnsnaglfdnaefiu

Tsleamalsufiunumaanszuaunng vitellogenesis wazniaiasyiAsinaeslalelgfaesiesinuaudan adslsfinn

IATIMENANARTYIN TN 23 (RUTUT 1) WNTIAN — BB WA, 2561 505



UNAINNIRE

o a o

WesinsduiANnaaiuaNdindurasaaiTuullsramalsunmanzanlunmssfunisimuivesiale Lo

gesranumuden e 1$ umn sy

LANATAI9DY

Abdu,U., Yehezkel, G., & Saki, A. (2000). Oocyte development and polypeptide dynamics during ovarian maturation
in the red-claw crayfish Cherax quadricarinatus. Invertebrate Reproduction and Development, 37, 75-83.

Ando, H. & Makioka, T. (1998). Structure of the ovary and mode of oogenesis in a fresh water crayfish,
Procambarus clarkii (Girard). Zoological Science, 15, 893-901.

Ando, H. & Makioka, T. (1999). Structure of the ovary and Mode of oogenesis in a freshwater crab (Potamon
dehaani. Journal of morphology, 239, 107-114.

Braga, A.A. Nunes , E.T. Lopez-Grecco, L.S. Camargo-Mathias, M.1., & Fransozo, V. (2016). Histological and
histochemical features of the oogenesis in the simultaneous protandric hermaphrodite shrimp
Exhippolysmata oplophoroides (Decapoda: Caridea). Micron, 88,60-67.

Chang, C.F. & Shih, T.W. (1995). Reproductive cycle of ovarian development and vitellogenin profiles in the
freshwater prawns, Macrobrachium rosenbergii. Invertebrate Reproduction and Development, 27,
11-20.

Costa, T.M.C. & Negreiros-Fransozo, M.L. (1998). The reproductive cycle of Callinectes danae Smith, 1869
(Decapoda, Portunidae) in the Ubatuba region, Brazil. Crustaceana, 71, 615-627.

Couch, E.F.,Hagino, N., & Lee, J.W. (1987). Changes in estradiol and progesterone immunoreactivity in tissues of
the lobster, Homarus americanus, with developing and immature ovaries. Comparative Biochemistry
Physiollogy, 85A, 765-770.

Desouza, L.P., & Silva, J.R.F. (2009). Morphology of the female reproductive system of the red clawed
mangrove tree crab (Goniopsis cruentata Latreille, 1803). Scientia Marina, 73, 527-539.

Di Cosmo, A., Paolucci, M., Di Cristo, C., Botte V. & Ciarcia,G. 1998. Progesterone and 17 -estradiol involment in
the yolk protein synthesis in the ovary of Octopus vulgaris. Molecular Reproduction and Development,
50,451-460

El-Sherifa ,S, S., El-Khodary, G.M., & Ghonimb A.M. (2012). Ovarian cycle and scanning electron micrographs
of the spawned egg of female mantis shrimp Oratosquilla massavensis (Alexandria, Egypt).

The Journal of Basic and Applied Zoology, 65, 116-124.
Fairs, N., Quinlan, P., & Goad, L. (1990) Changes in ovarian unconjugated and conjugated steroid titers during

vitellogenesis in Penaeus monodon. Aquaculture, 89, 83-99.

IATIMENANARTYIN TN 23 (RUTUT 1) WNTIAN — BB WA, 2561 506



UNAINNIRE

Feng, L., Wu, X.G., Lu, J.F,, Liu Z.J., & Cheng, Y.X. (2009). Changes of progesterone and 17B-estradio|
concentrations in ovary, hepatopancreas, and hemolymph of swimming crab Portunus trituberculatus
during the reproductive cycle. Journal of Fish China, 33, 86.

Ferreira, M.A.P., Resende, B.M., Lima, M.Y.S., Santos, S.S.D., & Rocha, R.M. ( 2012). The stages of ovarian
development affects organ expression of vitellogenin as well as the morphometry and ultrastructure of
germ cells in the freshwater prawn Macrobrachium amazonicum (Heller, 1862), Theriogenology 78,
981-990.

Fingerman , M., Nagahshanam, R., & Sarojini R. (1993). Vertebrate-type hormones in crustaceans: localization,
identification and functional significance. Zoolological Science, 10,13-29.

Fyhn, M.E.H. & Costlow, J.D. (1977). Histology and histochemistry of the ovary and oogenesis in Balanus amphitrite L
and Balanus eburneus Gould (Cirripedia: Crustacea). Biological Bulletin, 152, 351-359.

Gunamalai, V., Kirubagaran, R., & Subramoniam, T. (2006). Vertebrate steroids and the control of female reproduction in
two decapod crustaceans, Emerita asiatica and Macrobrachium rosenbergii. Current Science India, 90,119-123.

Humason, G.L. (1972) Animal tissue technique. W.H. Freeman, San Franscisco.641pp.

Kessel, R.G. (1968). Mechanisms of protein yolk synthesis and deposition in crustacean oocytes. Zeitschrift fir
Zellforschung Mikroskopische Anatomie, 89, 17-38.

King, J.E.(1948). A study reproductive organs of the common marine shrimp, Peneaus sertiferus (Linnaeus). Biological
Bulletin, 94, 224-262.

Ko™ hler, H. R.,Kloas, W., Schirling, M., Lutz, L., Reye, A.L., Langen, J., Triebskorn, R., Nagel, R., & Scho" nfelder, G.
(2007). Sex steroid receptor evolution and signalling in aquatic invertebrates. Ecotoxicology, 16, 131-143.

Kulkarni, G.K., Nagabhushanam, R., & Joshi, P.K. (1979). Effect of progesterone on ovarian maturation in a marine
penaeid prawn, Parapenaeopsis hardwickii. Indian Journal of Experimental Biology, 17, 986-987.

Kulkarni, G.K., Glade, L., & Fingerman, M. (1991). Oogenesis and effects of neuroendocrine tissues on in vitro
synthesis of protein by the ovary of the red swamp crayfish Procambarus clarkii, Journal of Crustacean
Biology, 11, 513-522

Krol, R.M., & Hawkins, W.E., Overstreet R.M. Reproductive components. F.W. Harrison, F.W., Humes A.G.,
(Eds.), Microscopic Anatomy of Invertebrates Vol 10: Decapod Crustacea, Wiley-Liss, New York (1992),
pp. 259-343.

LaFont, R., & Mathieu, M. (2007). Steroids in aquatic invertebrate. Ecotoxicology, 16,109-130.

Meunpol, O., lam-Pai, S., Suthikrai, W., & Piyatiratitivorakul, S. (2007). Identification of progesterone and 173-
hydroxyprogesterone in polychaetes (Perinereis sp.) and the effects of hormone extracts on penaeid

oocyte development in vitro. Aquaculture, 270, 485-492.

IATIMENANARTYIN TN 23 (RUTUT 1) WNTIAN — BB WA, 2561 507



UNAINNIRE

Minagawa, M., J.-R. Chiu, J.-R. Kudo, F. lto, F. &Takashima, F. (1993). Female reproductive biology and oocyte
development of the red frog crab, Ranina ranina, off Hachijojima, Izu Islands, Japan. Marine
Biology,115, 613-623.

Nicolau, C.F., Nascimento, A.A., Machado-Santos, C., Sales, A. & Oshiro, L.M.Y. (2012). Gonads of males and
females of the mangrove tree crab Aratus pisonii (Grapsidae: Brachyura: Decapoda): a histological and
histochemical view. Acta Zoolology, 93, 222-230.

O’Donovan, P., Abraham, M., & Cohen D. (1984). The ovarian cycle during the intermoult in ovigerous
Macrobrachium rosenbergii. Aquaculture, 36, 347-358.

Papathanassiou, E., & King, P.E. (1984). Ultrastructural Studies on Gametogenesis of the Prawn Puhemon
serratus (Pennant). |. Oogenesis. Acta Zoologica (Stockh.), 65, 17-31.

Paolucci, M., Cristo, C, D., & Cosmo, A.D. (2002). Immunological evidence for progesterone and estradiol
receptors in the freshwater crayfish Austropotamobius pallipes. Molecular reproduction and
development. 63, 55-62.

Pearse, A,G, E. (1960). Histochemistry theoretical and applied. Vol. 2. London: Jet. Churchill Ltd. p. 965.

Quadros, P.S,, Lopez, V., De Vries, G.J., Chung, W.C., & Wagner, C.K. (2002). Progesterone receptors and the
sexual differentiation of the medial preoptic nucleus. Journal Neurobiology, 51, 24-32.

Ravi, R., Manisseri, M. K., & Sanil, N, K. (2012). Ovarian maturation and oogenesis in the blue swimmer crab,
Portunus pelagicus (Decapoda: Portunidae). Acta Zoologica (Stockholm), 94, 291-299.

Robinson, R.S., Mann, G.E., Lamming, G.E., & Wathes, D.C. (2001). Expression of oxytocin, oestrogen and
progesterone receptors in uterine biopsy samples throughout the estrous cycle and early pregnancy in
cows. Reproduction, 122, 965-979.

Santos S. & Negreiros-Fransozo, M.L. (1999). Reproductive cycle of the swimming crab Portunus spinimanus
Latreille (Crustacea, Decapoda, Brachyura) from the Ubatuba, Sdo Paulo, Brazil. Revista Brasileira de
Zoologia, 16, 1183-1193.

Sharifian, S., Kamrani, E., Safaie, M., & Sharifian, S. (2015). Oogenesis and ovarian development in the
freshwater Crab Sodhiana iranica (Decapoda: Gecarcinuaidae) from the south of Iran. Tissue and
cell, 47, 213-220.

Soroka, Y., Milner, Y. & Sagi, A. (2000). The hepatopancreas as a site of yolk protein synthesis in the prawn,
Macrobrachium rosenbergii. Invertebrate Reproductive Development, 37, 61-68.

Souza ,T.L., .Bragaa, A.A., Lopez, L.S., & Nunesa, G,E. (2017). Dynamics of oogenesis in ghost shrimp
Callichirus major (Crustacea: Axiidea): a morphofunctional and histochemical study. Acta Histochemica,

119,769-777.

IATIMENANARTYIN TN 23 (RUTUT 1) WNTIAN — BB WA, 2561 508



UNAINNIRE

Stewart, M.J., Soonklang, N., Stewart, P., Hanna, P.J., Wanichanon, C., Parratt, A., Duan, W., & Sobhon, P., 2007.
Histological studies of the ovaries of two tropical portunid crabs, Portunus pelagicus (L.) and Scylla serrata
(F.). Invertebrate Reproduction Development, 50, 85-97.

Suzuki, S., Yamasaki, K., & Katakura, Y., (1989) Vitellogenin synthesis by fat body and ovary in the terrestial
isopod, Armadillidium vulgare. Gereneral Comparative Endocrinology, 74, 120-126.

Thongbuakaew,T., Siangcham,T., Suwansa-ard, S., Elizur, A., Cummins, S.F., Sobhon, P., & Sretarugsa, P.
(2016). Steroids and genes related to steroid biosynthesis in the female giant freshwater prawn,
Macrobrachium rosenbergii. Steroids, 107, 149-160.

Thomas, P., TubbsHakan C., Berg, H., & Dressing, G. (2007) Sex steroid hormone receptors in fish ovaries.
Dordrecht, the Netherlands: Springer. p. 203-232.

Warrier, S.R., Tirumalai, R., & Subramoniam, T. (2001) Occurence of vertebrate steroids, estradiole 17[5 and
progesterone in the reproducing females of the mud crab Scylla serrata. Comparative Biochemistry
Physiology A Molecular Integrate Physiology, 130, 283-294.

Wolin, E.M., Laufer, H., & Albertini, D.F. (1973) Uptake of yolk protein lipovitelline by developing crustacean
oocytes. Developmetal Biology, 35, 160-170.

Wu, X., Chen, H., Liu, Z., Cheng, Y., (2014.) Immunorecognition and distribution of progesterone receptors in the
Chinese mitten crab Eriocheir sinensis during ovarian development. Journal of Shellfish Research,
33, 35-43

Yano, I. (1985). Induced ovarian maturation and spawning in greasyback shrimp, Metapenaeus ensis. By
progesterone, Aquaculture, 47, 223-229,

Ye, H., Songa, P., Mab,J., Huanga H., & Wanga ,G. (2010). Changes in progesterone levels and distribution of
progesterone receptor during vitellogenesis in the female mud crab (Scylla paramamosain). Marine

and Freshwater Behaviour and Physiology, 43, 25-35.

IATIMENANARTYIN TN 23 (RUTUT 1) WNTIAN — BB WA, 2561 509



