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Introduction

Vitellogenin (VTG), a precursor of egg yolk, is synthesized in hepatocytes under stimulation of estradiol-17 (E2), incorporated into oocytes and utilized by developing embryos. Many studies have been conducted on physiological regulation of VTG synthesis. Because of its complexity and involvement of multiple hormones, details of VTG synthesis are not fully understood. It was reported that susceptibility of the hepatocytes of tilapia (Oreochromis mossambicus) changed with E2 treatment using a technique of hepatocyte cultures (Kim and Takemura, 2002). This result suggests possibility that E2 has multiple roles in induction of VTG in the hepatocytes. In this study, we examined composite effect of E2 on VTG synthesis mainly with hepatocyte cultures of tilapia.

Materials and Methods

Tilapia were collected from rivers in the Okinawa Prefecture, Japan, using a casting net and maintained in outdoor tanks (1 ton capacity) with fresh water at Tropical Biosphere Research Center, University of the Ryukyus, Okinawa, Japan. Intraperitoneal injections of E2 were done to the male tilapia at doses of 0, 1.0 and 10 µg/g body weight (BW). After anesthetization of the fish with 2-phenoxyethanol, blood sample was collected from the caudal vein using heparinized syringes. The blood was immediately transferred to a micro tube containing aprotinin (500U/ml) on ice and centrifuged. The plasma were kept at –80oC until analysis. Preparation of tilapia hepatocytes was carried out according to the method of Kim and Takemura (2002). Culture media and hepatocytes were collected every 2 days and these samples were kept 4oC and –80oC respectively. For the E2-priming experiment, intraperitoneal injections of E2 were given to the male tilapia at a dose of 1.0 µg/g BW. The fish were maintained until VTG was not detected in the blood circulation. The hepatocytes from E2-priming tilapia were cultured with E2 at 10-7,10-6 and 10-5 M and media were collected every 2 days. The amount of VTG and E2 was measured by ELISA. 

Results and Discussion
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Levels of medium VTG and plasma E2 in the female tilapia were correlated well with an increase in gonadosomatic index (GSI). VTG peaked when GSI reached around 3. In the male tilapia, there was a dose dependent effect of E2 treatment (0, 1.0 and 10 µg/g BW) on medium VTG concentrations. These results suggest that E2 is the major hormone for VTG synthesis. It is likely that E2 fluctuates with the reproductive activity in the female tilapia and that a large amount of E2 is required to induce VTG in the male tilapia. 

Single injection of E2 at 1.0 µg/g BW resulted in induction of VTG in the plasma of male fish for more than 40 days, although E2 could not be detected in the plasma at 7 or 14 days after the injection. When the hepatocytes were incubated with E2 at 10-7,10-6 and 10-5 M, higher and faster synthesis of VTG occurred in the E2-primed male tilapia (1.0 µg/g BW) (Figure 1). These results suggest that susceptibility of the hepatocytes changes by this hormone. It is possible that estrogen receptors or unknown factors involve in synthesis and maintenance of VTG molecules in the tilapia hepatocytes. 
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Figure 1. Effect of E2-priming on the VTG synthesis in hepatocytes. (a) E2-priming group (b) control group
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				10-E6		9		0		83.428		0.000		69.022		49.793		1.386		13.352		86.786		0.154

						10		0		79.29		0.000		0		55.747		0.000		0		94.737		0.000

						11		0		78.171		0.000		0		59.993		0.000		0		85.643		0.000

						12		0		79.664		0.000		0		75.942		0.000		14.905		89.065		0.167

						17		0		77.798		0.000		11.791		41.136		0.287		11.965		62.475		0.192

						18		0		79.29		0.000		8.99		51.537		0.174		23.113		63.293		0.365

				10-E7		13		0		88.384		0.000		0		52.937		0.000		0		74.068		0.000

						14		0		84.945		0.000		0		52.937		0.000		0		67.336		0.000

						15		0		82.294		0.000		10.045		62.488		0.161		0		69.73		0.000

						16		0		74.464		0.000		0		46.318		0.000		0		73.283		0.000

								Day2		Day4		Day6

						cont.		0.000		0.000		0.000

						10-E5		0.000		1.829		6.892

						10-E6		0.000		0.308		0.146

						10-E7		0.000		0.040		0.000





E2-1

		0

		0

		0



10-E5M E2

培養日数day)

VTG合成量(μg/mg protein)



Sheet1

		0

		0

		0



cont.

培養日数（day)

VTG合成量（μg/mg protein)



E2-2②

		0

		0

		0



10-E6M E2



E2-2

		0

		0

		0



10-E7M E2



E2-3

		0		0		0		0

		0		0		0		0

		0		0		0		0



cont.

10-E5M E2

10-E6M E2

10-E7M E2



		

		E2-1		Day2		4		6				E2-2		2		4		6

		cont.		0		0		0				cont.		0		0		0

		10-E5		0		94.33375		507.95				10-E5		0		470.338		1553.933

		10-E6		0		14.9671666667		10.5558333333				10-E6		0		20.7476666667		69.9173333333

		10-E7		0		2.51125		0				10-E7		0		0		0

		E2-3		2		4		6						Day0		Day2		Day4

		cont.		0		0		0				cont.		0		0		0

		10-E5		0		1238.8662		1123.1158				10-E5		0		601.1793166667		1061.6662666667

		10-E6		0		48.8788		137.1098				10-E6		0		28.1978777778		72.5276555556

		10-E7		0		6.287		30.165				10-E7		0		2.93275		10.055

												誤差 ゴサ		cont.		10-E5		10-E6		10-E7

												0		0		0		0		0

												2		0		336.8126184721		10.4742374907		1.8270959597

												4		0		303.5084528929		36.5562897294		10.055

						cont.		10-7M		10-6M		10-5M

				Day0

				Day2

				Day4





		0		0		0		0		0		0		0		0

		2		2		2		2		81.3978932979		81.3978932979		1.930952816		1.930952816

		4		4		4		4		154.6231324996		154.6231324996		3.9142473237		3.9142473237



cont.

10E-07ME2

10E-06ME2

10E-05ME2

0

0

0

0

0

0

20.7476666667

470.338

0

0

69.9173333333

1553.933



		0		0		0		0		0		0		0		0		0		0

		2		2		2		2		336.8126184721		336.8126184721		10.4742374907		10.4742374907		1.8270959597		1.8270959597

		4		4		4		4		303.5084528929		303.5084528929		36.5562897294		36.5562897294		10.055		10.055



0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		336.8126184721		336.8126184721		10.4742374907		10.4742374907		1.8270959597		1.8270959597

		0		0		0		0		303.5084528929		303.5084528929		36.5562897294		36.5562897294		10.055		10.055



Days after hormone treatment

VTG (ng/ml)



		Day0		Day0		Day0		Day0		0		0		0		0		0		0

		Day2		Day2		Day2		Day2		219.9727726957		219.9727726957		28.5457		28.5457		0		0

		Day4		Day4		Day4		Day4		230.1568106722		230.1568106722		5.9860690555		5.9860690555		1.5180625		1.5180625



Days after hormone treatment

VTG (ng/ml)

0

0

0

0

0

0

28.5457

225.6471625

0

1.5180625

11.5054541667

298.2016166667



		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		336.8126184721		336.8126184721		10.4742374907		10.4742374907		1.8270959597		1.8270959597		0		0

		0		0		0		0		303.5084528929		303.5084528929		36.5562897294		36.5562897294		10.055		10.055		0		0



cont.

10-7M

10-6M

10-5M

Days after hormone treatment

VTG (ng/ml)



		E2 No.2

						Day2						Day4						Day6

						VTG		protein		V/p		VTG		protein		V/p		VTG		protein		V/p

		cont.		1		0		112.341		0.000		0		80.95		0.000		0		69.931		0.000

				2		0		118.866		0.000		0		84.201		0.000		0		67.448		0.000

				3		0		130.647		0.000		0		94.771		0.000		0		77.713		0.000

		10-E5		4		0		132.246		0.000		361.628		87.827		4.118		1449.237		59.236		24.465

				5		0		128.262		0.000		419.748		85.649		4.901		1354.281		61.857		21.894

				6		0		125.498		0.000		629.638		93.303		6.748		1858.281		57.207		32.483

		10-E6		7		0		130.249		0.000		20.815		99.941		0.208		69.533		68.042		1.022

				8		0		146.133		0.000		24.058		78.071		0.308		76.881		74.958		1.026

				9		0		133.45		0.000		17.37		75.199		0.231		63.338		67.152		0.943

		10-E7		10		0		126.68		0.000		0		91.473		0.000		0		82.686		0.000

				11		0		131.046		0.000		0		71.975		0.000		0		68.042		0.000

				12		0		131.046		0.000		0		90.742		0.000		0		62.149		0.000

						cont.		10-E5		10-E6		10-E7

				0		0		0		0		0

				2		0		470.338		20.7476666667		0

				4		0		1553.933		69.9173333333		0

				誤差 ゴサ		cont.		10-E5		10-E6		10-E7

				0		0		0		0		0

				2		0		81.3978932979		1.930952816		0

				4		0		154.6231324996		3.9142473237		0





		0		0		0		0		0		0		0		0

		0		0		0		0		81.3978932979		81.3978932979		1.930952816		1.930952816

		0		0		0		0		154.6231324996		154.6231324996		3.9142473237		3.9142473237



cont.

10-E7

10-E6

10-E5

E2投与後の日数

ＶＴＧ（μｇ/ｍｌ）

0

0

0

0

0

0

0

0

0

0

0

0



				E2 No.2

								Day2						Day4						Day6

								VTG		protein		V/p		VTG		protein		V/p		VTG		protein		V/p

				cont.		1		0		112.341		0.000		0		80.95		0.000		0		69.931		0.000

						2		0		118.866		0.000		0		84.201		0.000		0		67.448		0.000

						3		0		130.647		0.000		0		94.771		0.000		0		77.713		0.000

				10-E5		4		0		132.246		0.000		361.628		87.827		4.118		1449.237		59.236		24.465

						5		0		128.262		0.000		419.748		85.649		4.901		1354.281		61.857		21.894

						6		0		125.498		0.000		629.638		93.303		6.748		1858.281		57.207		32.483

				10-E6		7		0		130.249		0.000		20.815		99.941		0.208		69.533		68.042		1.022

						8		0		146.133		0.000		24.058		78.071		0.308		76.881		74.958		1.026

						9		0		133.45		0.000		17.37		75.199		0.231		63.338		67.152		0.943

				10-E7		10		0		126.68		0.000		0		91.473		0.000		0		82.686		0.000

						11		0		131.046		0.000		0		71.975		0.000		0		68.042		0.000

						12		0		131.046		0.000		0		90.742		0.000		0		62.149		0.000

						Day2		Day4		Day6

				cont.		0.000		0.000		0.000

				10-E5		0.000		5.256		26.281

				10-E6		0.000		0.187		0.997

				10-E7		0.000		0.000		0.000





		0

		0

		0



cont.



		0

		0

		0



10-E5M E2



		0

		0

		0



10-E6M E2



		0

		0

		0



10-E7M E2



		0

		0

		0



10-E5M E2



		0		0		0		0

		0		0		0		0

		0		0		0		0



cont.

10-E5M E2

10-E6M E2

10-E7M E2

DAY OF CULTURE

VTG合成量（μg／mg protein）



				E2 No.3

								Day2						Day4						Day6

								VTG		protein		V/p		VTG		protein		V/p		VTG		protein		V/p

				cont.		1		0		199.458		0.000		0		118.996		0.000		0		78.784		0.000

						2		0		191.18		0.000		0		117.092		0.000		0		78.382		0.000

						3		0		194.46		0.000		0		109.913		0.000		0		108.711		0.000

						4		0		243.339		0.000		0		120.141		0.000		0		119.548		0.000

				10-E5		5		0		216.85		0.000		1283.587		121.672		10.550		1211.684		130.338		9.296

						6		0		216.85		0.000		1260.292		122.44		10.293		1193.604		113.176		10.546

						7		0		211.509		0.000		1147.455		127.845		8.975		1168.474		89.411		13.069

						8		0		148.195		0.000		1136.81		104.672		10.861		978.313		85.693		11.416

						17		0		189.017		0.000		1366.187		108.412		12.602		1063.504		119.548		8.896

				10-E6		9		0		152.381		0.000		47.398		119.377		0.397		139.046		83.238		1.670

						10		0		159.025		0.000		37.415		109.537		0.342		132.32		91.496		1.446

						11		0		157.587		0.000		45		114.816		0.392		146.838		88.581		1.658

						12		0		174.865		0.000		47.532		106.539		0.446		131.755		101.705		1.295

						18		0		200.019		0.000		67.049		122.44		0.548		135.59		94.439		1.436

				10-E7		13		0		168.813		0.000		0		108.037		0.000		26.794		91.496		0.293

						14		0		178.461		0.000		6.833		104.672		0.065		34.603		101.273		0.342

						15		0		176.914		0.000		8.042		127.069		0.063		31.076		102.138		0.304

						16		0		164.364		0.000		10.273		120.141		0.086		28.187		97.41		0.289

						Day2		Day4		Day6

				cont.		0.000		0.000		0.000

				10-E5		0.000		10.656		10.645

				10-E6		0.000		0.425		1.501

				10-E7		0.000		0.054		0.307





		0

		0

		0



cont.



		0

		0

		0



10-E5M E2



		0

		0

		0



10-E6M E2



		0

		0

		0



10-E7M E2



		0		0		0		0

		0		0		0		0

		0		0		0		0



cont.

10-E5M E2

10-E6M E2

10-E7M E2




