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ABSTRACT

Introduction: Sturgeon aquaculture is of great economic importance due to the
high value of caviar and meat. However, challenges such as reproductive and
growth limitations in female broodstock hinder productivity in controlled
environments. Steroid hormones are among the key factors regulating growth
and reproduction in fish. Among them, 17B-estradiol (E2) plays a crucial role in
sexual differentiation, gonadal development, and metabolic regulation. Slow-
release hormone delivery methods have been proposed as a potential approach
to enhance growth and maturation in fish species. The aim of the present study
was to investigate the effect of slow-release E2 injection on the growth
performance of female Siberian sturgeon, Acipenser baerii at different sexual
maturity stages.

Materials and Methods: A total of 30 female Siberian sturgeon were selected
and categorized into three groups based on their sexual maturity stage (II, III,
and IV). Each stage was divided into two subgroups: 1) Ex-treated group
(received 2 mg E2/kg body weight); 2) Control group (received 0.2 mL coconut
oil/kg body weight). The hormone was administered intraperitoneally every two
months, and the experiment lasted four months. Biometric measurements and
growth performance, including body weight, total length, weight gain (WQ),
specific growth rate (SGR), body weight increase (BWI), condition factor (CF)
and average daily growth (ADG) were conducted at 30-day intervals. Statistical
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analysis was performed using repeated measures analysis of variance to assess
the effects of treatment, maturity stage, and time on growth indices.

Results and Discussion: The findings revealed a significant interaction
(P<0.05) between treatment, sexual maturity stage, and time in all growth
parameters except CF. The highest final body weight (7950 + 320.93 g) and total
length (120.60 + 11.20 cm) were recorded in the Ex-treated fish at stage IV after
120 days, while the lowest body weight (4170 + 137.47 g) and total length (94.50
+ 0.93 cm) were observed in control fish at stage II after 30 days (P<0.05). The
highest WG (610 + 18.70 g), SGR (0.42 + 0.00 %/day), BWI (13.62 + 2.33 %),
and ADG (20.33 + 3.30 g/day) were recorded in the Ex-treated fish at stage II
after 90 days (P<0.05). The CF remained unchanged across all groups, and no
mortality was observed throughout the experiment. These findings indicate that
E2 administration promotes somatic growth at early maturity stages (II), whereas
at advanced stages (IV), it facilitates gonadal development. The hormonal
influence on growth appears to be stage-dependent, with higher energy
allocation towards reproductive tissues at later stages. Similar studies on other
sturgeon species (e.g., Huso huso, and Acipenser stellatus) suggest that Ez
stimulates insulin-like growth factor-I production and enhances protein
synthesis, ultimately improving growth. However, excessive doses may
negatively impact somatic growth by favoring gonadal tissue development.
Conclusion: Slow-release E: injection significantly affects the growth
performance of female Siberian sturgeon, with stage-dependent effects. At early
maturity stages (II), it stimulates somatic growth, while at advanced maturity
stages (IV), it promotes reproductive development. These findings suggest that
timing and dosage optimization are crucial for maximizing the benefits of
hormonal treatments in sturgeon aquaculture. Further research is needed to
explore the molecular mechanisms underlying E>'s role in growth regulation and
to determine the long-term reproductive consequences of hormone
administration.

*Corresponding author: falahatkar@guilan.ac.ir
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Table 2 Repeated measures ANOVA of growth data in studied female Siberian sturgeon (Acipenser baerii)
Generalized Linear Model (GLM) Regression

Maturity stage

Maturity Treatment X Maturity ~ Treatment X Treatment x Maturity stage X

Growth indices Treatment Time . X .

stage stage Time . Time
Time
df=1 df=2 df=3 df=2 df=3 df=6 df=6
Final weight (g) F=004 F=6948 F=68.78 F=146 F=5.95 F=337 F=431
P=083 P=000 P=0.00 P=0.25 P =0.00 P =0.00 P =0.00
=1 ar-2 473 df=2 df=3 df=6 df=6
Final length em) ~ F=000 F=1399 " F=1.79 F=1.93 F=6.99 F=8.89
P=097 P=0.00 : P=0.00 P=0.13 P=0.00 P=0.00
P =0.00

df=1 df=2 df=3 df=2 df =3 df=6 df=6
Weight gain (g) F=1098 F=25.60 F=0.85 F=10.71 F=7.77 F=38l F =458
P=000 P=000 P=046 P=0.00 P=0.00 P=0.00 P=0.00
Soecii i rat df=1 df=2 df=3 df=2 df =3 df=6 df=6
pect (lf/%gw) e g=720 F=3376 F=125 F=6.68 F=5.86 F=3.16 F=3.78
ofaay P=0013 P=000 P=029 P=0.00 P=0.10 P=0.00 P=0.00
Body weisht increase_4F=1 df=2 df=2 df=3 df =3 df=6 df=6
yw (§/) F=7.07 F=3223 F=658 F=123 F=541 F=3.03 F=3.56
° P=001 P=000 P=0.00 P=030 P=0.00 P=0.01 P=0.00
df=1 df=2 df=3 df=2 df =3 df=6 df=6
Condition factor ~~ F=0.11 F=108 F=23.88 F=285 F=5.00 F=030 F=140
P=074 P=035 P=0.00 P=0.07 P =0.00 P=0.94 P=022
Dail i rat df=1 df=2 df=3 df=2 df=3 df=6 df=6
ally oWl fale  p_ 1098 F=2560 F=0.85 F=10.71 F=777 F=38l F =458

(g/day) P=000 P=000 P=046 P =0.00 P =0.00 P =0.00 P =0.00




YA (VFF 000,958 050 o,lods o033k Jlo) oyl pl 4355

09050 iy &l 33555 5 g 39y 10 g% Fo Mo cwis (S ilise Jo 10 yo (Acipenser baerii) oslo g bdlowli wiy b as L Ol pais ¥ Jgus

(0 laitiw! glhs = u.».f.tl.m 505; @ elpn=20) E») Joasolpwl-Lo 1Y
Table 3 Changes in growth indices of female Siberian sturgeon (Acipenser baerii) at different sexual maturity stages, 30, 60, 90, and 120
days after slow-release 17B-estradiol (E,) injection (n =5 per group; mean = S.E).

Time Grou Final body weight Final total length ~ Weight gain  Specific growth Body weight = Condition Daily growth rate
P (2) (cm) (2) rate (%/day) increase (%) factor (g/day)

Control Stage 1I 4170 + 137.47° 95.60 + 2.76¢ 180 +12.24%4  0.15+£0.00°¢ 494+ 1324  047+0.01  6.00+1.2354
E2 Stage 11 4180 £ 169.99° 94.50 £ 0.93h 330+ 12.24%¢  0.28 £0.00%  8.95+2.61° 0.49+0.01 11.00+3.22°4

After 30 Davs Control Stage Il 6590 + 273.12%¢ 112.76 £3.17*F 260 +£9.99%¢  0.13£0.00°¢ 423 +0.50°¢ 0.45+£0.01  8.66+0.62°¢
Y B2 Stage 111 6200 +211.30%d¢ 106.72 £2.74*"  210+£9.99%¢  0.11+£0.00¢¢  3.54+0.13¢  0.50+£0.00  7.00 + 0.33%

Control Stage IV~ 7330 + 285.30%° 110.94 + 3.00*" 90 + 9.99% 0.04 + 0.00¢ 1.29+0.19¢  0.52+0.03 3.00 £ 0.23%¢

E2 Stage IV 7410 + 318.74% 115.86 + 5.00*F 80 + 12.44¢d 0.03 +0.00¢ 1.16 £0.23¢  047+0.02  2.66 £ 0.40

Control Stage 1I 4350 +£108.39" 99.12£3.38%h  420+19.99®  0.32+0.00®° 10.35+1.29® 0.44+0.01 14.00 £ 1.35%®

E2 Stage 11 4520 + 148.82F 101.00 + 0.83¢" 340+£9.99%  0.27£0.00®  8.90+0.38% 043+£0.01 11.33+4.06>

After 60 Davs Control Stage IIl 6860 + 285.212° 11538 £2.99*1 270 +£12.24%¢  0.13£0.00*  4.11+£0.51%¢ 044 +£0.00  9.00 £ 1.24°
Y B2 Stage 111 6410 & 213.54%¢ 109.98 £2.72*"  210+£9.99%¢  0.11+£0.00¢  3.51+0.63¢ 047+0.00  7.00+0.97°

Control Stage IV~ 7430 + 288.78° 112.82 +£2.96*F 100 £ 0.00¢¢ 0.04 + 0.00¢ 1.50+£0.32¢  0.51+£0.03 3.33+0.52¢

E2 Stage IV 7480 + 322.72%¢ 117.46 + 4.85%4 70 +12.444 0.03 £ 0.00¢ 0.92+0.10¢  0.46 +0.02 2.33 +£0.40¢

Control Stage II 4420 £ 196.59° 99.84 + 3.56%h 70 £ 12.44¢ 0.04 + 0.00¢ 1.37+£0.69¢  0.43+0.01 2.33 £ 1.244

E2 Stage II 5130 & 156.20° 103.52 +£0.33*" 610+ 18.70° 0.42 £ 0.00* 13.62+2.33*  0.46+0.01 20.33 +£3.30°

After 90 Da Control Stage IIl 7000 + 307.81%° 118.14 +£2.68%¢ 140 £ 9.99% 0.06 £ 0.004 2.11+£037¢  042+0.00 4.66+0.62¢¢
) Stage 111 6610 + 226.60%¢ 110.98 £2.75*" 200+ 0.00°¢  0.10+0.00¢¢  3.24+0.62 048+0.00 6.66+ 1.05°

Control Stage IV~ 7510 + 309.992° 114.16 £3.01%f 80 + 12.44 0.03 £ 0.00¢ 1.19+£0.35¢  0.49+0.03 2.66 + 0.66%

E2 Stage IV 7610 + 326.49%¢ 118.98 £4.93%°  130+12.44¢  0.05+0.00¢ 1.78£0.21¢  0.45+0.02  4.33+0.40%

Control Stage 11 4590 + 178.46" 101.30 £4.08°" 170 +10.00°¢  0.11+£0.00¢¢  339+1.18¢ 043+£0.01  5.66+2.14%
E2 Stage II 5430 & 129.994%f 106.72 £0.70*" 300 +41.83%¢  0.19+0.00%¢ 594 +£0.96*¢ 0.44+0.01  10.00 £ 1.39"¢

After 120 Davs Control Stage Il 7260 + 313.60°* 120.14 £2.55% 260 +12.24%4 (.12 +0.00*¢ 391 +£1.17°¢  0.41+£0.00  8.66+2.19°¢
Y E Stage 111 6750 £502.73%4 111.78 £2.91*¢  140+£29.15¢  0.06 = 0.00¢ 2.11+£043¢  048+0.00 4.66+0.97cd

Control Stage IV 7630 + 301.49% 116.58 £6.03%° 120+ 12.24°¢  0.05+0.00¢ 1.73+£0.33¢  0.47+0.03 4.00 + 0.40¢

E2 Stage IV 7950 + 320.93* 120.60 = 11.20* 340+9.83%  0.14+£0.00°¢  455+098>¢ 045+£0.02 11.33+232%

Different letters in each column indicate a significant difference (P<0.05).
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