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Figure 1: Changes of plasma cortisol (A), glucose (B) and lactate (C) levels in juvenile beluga sturgeon Huso huso held under high (8 kg/m?)
or low (1 kg/m?) densities before and after stress in winter condition. Different letters of a, b, and ¢ show significant difference in a treatment
throughout the experiment (p<0.05). Asterisk show significant difference between two densities at the same time (p<0.05). Columns with at
least one similar letter in each treatment show no significant difference (p>0.05). Data are presented as mean + standard error (n=6 for high

and n=3 for low densities).
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Table 1: Changes of hematocrit, hemoglobin, number of red blood cells, MCV, MCH, and MCHC (mean *

standard error) in juvenile beluga sturgeon Huso huso held under high (8 kg/m?; n=6) or low (1 kg/m?% n=3)
densities before and after stress in winter condition.
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Table 2: Changes of number of white blood cells, lymphocytes, neutrophils, eosinophils, and monocytes (mean +

standard error) in juvenile beluga sturgeon Huso huso held under high (8 kg/m?; n=6) or low (1 kg/m?; n=3)
densities before and after stress in winter condition.

(celv) il 51 g slaylo)

£A ve Y 5 v | (Giabo3T £955) yo

WAENVY  VWYEVY  VedE A NOBEYS  AUsEN Y £ VIV £ A OS5 S ke oS
WA A A AV a8 VIE " oSl eo-Tmm'
SYIFENA  SYSEEE  OEYEFE VY LSS FOSE Y 00X E /S SYIY £ Y8 SeS .
SONVEYL  ofEN OM-EA OFFETL FYBEYY AV EYA VIS % Y5 oS5 :
YEL NN YO EF YYD feleEHB YV E e pEANY YEI5 £ Y/ S L
YSIFEY  FepEN. YANAESN FYLEFB YEAEYY AN Y Ya/. £ ¥ oS5 i

VIS E Y Ve VIS E Y Ve VR Y VY VY Y SIE S () Lyl
e VY E Y VAR A eEOY ANEY A E Y VAL -8 oS5

VERI VERI YE 0 VEE Y YR YW E Y VIS E Y SIE RS () Cagige
YIo - IY et et YWEY  YNEN YDE - VETI oS5

[ Downloaded from isfj.ir on 2026-06-25 ]

WS 3B Lo o y0 S i By o JBlax sl lacao, (P<-/+0) conl LiabesT Jsb o jlas G slo Sl S gre Bl Sy b 58 By ,>
(P> 0) diswd o Jxe

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

Ml BT ghe 5 o0 ialS jsliea cls
9 w}w L)’“"‘)B‘ )‘ 6)5517 g.,\.cl.a Q"‘)"L“’ "59'“"&59 oolazwl
2l s Js3eysS Gl 5l 6ol o] cdle 5 oy o
(Martinez-Porchas sgs o olo jo Las e sl el )b
as olo oylad (Y- -¥) Small ek, o1 s et al., 2009)
s o8 Jub Sl S ela b g el L oaisS e o
o 055 leeed Gyl o i pue el HPI
ool Sl Wl oo 398 sl b a2 5 (g (g
2 Bl lpoad obul b Ll wed o5 )5 &by
Sl Senl (Soe (B9 5B 1 RS (S oole b agzlge
A 50 09h (&als Sl oy o 3l g 008 32U
(Ortunio et al., 2002 a,b; i Slalas a5 sl b
55 Shgee Wlesls lis a5 Hoseini et al., 2011)
09 o,lac 35 38gel pol> dslllas jo A4S C8F as
ol oyl 41 4 J30555° Gal33l 5] 5 Sl 53 Seo S
st oolo b agzlse) (st B 51 S o] by onds
byiye ple G s 5 o Gl Grizes g (00S
D9 s

VY'Y

e

o ol b lo

o Sl So o588 Oliee ol plis pole adlllas gl
@ Comd (G40 gime DS ol ol 9 Lhgpm Jles!
e slajlost 5o (Ghalesl £9y5 5l BB e cels
Sl sl ol Jlasm (53 JoidysS SRl il
59 eyl Lyl il Codcnl oul (Bire S 0acll S
Sl jdgatm g Wlgna  pome b Jd b,
(CRH) (59,5555 555 oo oli] (35090 «(HPD) JU, 12!
5o ACTH Ay o ad oo Adgi wge¥lige o oS
G9% p8 Sy crge 5 ] 45 00,5 o0 o8 Sidgn
(Kubilay & Ulukay, sss 0 Jgp,s8 adss 9 ouls
sl L33l poe Jds wadlllas opl 4o Jb= ol b 2002)
S adsl e & O iS5 emen 5 S sS
Lilyd 4 gleee ) aads Slilas 4 Cond ol
Jlesl ol les o Koo ojle 4 ol cand sl
8 el pdyolSal Guyial slowl 3 S o515
sgamms o] cilite 5 pendalie (2ol cel ol sles


http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

e o3 (550965 (HUSO huso L) o)) sa laaloJud das (o s 3 G (S 5 (ousios] slagealy

U‘J&MJJ&AM

Falahatkar et al., 2009; Hoseiniet al., 2011)
3 om 4355 cpaiz 0 Lewdly LSY cdale jls s ioli8l
0dd Cod S gt Sl Al SO lgiear by ol codled
obsy wliel (Carragher & Rees, 1994) .l
o Jol el 55 05155 5 0515 05 09,5 93 52 50 Lewdly
odol Cows 4 @l Billas a5 0 LSS ol Jlesl
2 oeimen g (Vo0 ) ol Kes o Falahatkar L.
0S5 e 5o SLSY Gliee oyl Jlasl ) Gy ¥ el
el 45 50 (515 65 ot 31 St )l B3 b
05,5 10 olale a5 ol (Sew a5 sl aslisl o
) St Salled Ol 6515) osn ol 51 ot 50
Joiin (Shgm 9 ) s Sl oyl Jlesl ol o
Jo ool b Ll (Falahatkar et al., 2009) sl oo

Ll pgaz il 5 65l Sl 4y 5L

SidFles sl asls

Vocelo jo 9 atw gl JodS ol Lol dslllas o
Eord 5l B3 el b bgme (RIBL il Sy
SSTL B o asa cpl ol flas Gre oley) Liles]
4 axg b Wiy oo gl ol ax ST el ouls &l mlio
ol Jolse 5 ol sles w6 )agSs Ll o pole 35
! b (Matsche & Gibbons, 2012) wul oglas
S Aled 50 6)lo e i ged anlllas (nl )3 392
lodebs i Macumsitl ) g5 e slapls
O s az)5 a5 wis ssalin (acomsise 5 b Jdsn sl
oo (oyme 3 5 LB UlFee s el atial
9050 ol (hol Jolse 511 ol bl bod 5 (D
Gl g (chggem a5 il lo aisS ol ole oo nedls
Peh Sl e S Sel cwl andly by
GGy g (S 9y P Sl (ien
5o 085 i SlaJselS 381 i jless s WBC o
S gy by SSueydm e 0 95 1B
5,90, ol olazs (Velisek et al., 2005a,b)
5 2w MCHC 3 MCH MCV (lo a3l
S MCV 550 50 hass s oass Hloj &g, 4o (5 lo Sne
W15 05 losd 59 ot ol sl Jlas 51 g FA el
ol 4y azgi b aS Clls dgzg o pme B! ST, g

as ol las s adllhe ol o edwl Cews @ s
el b olron loz loale i )5 (5 ws sl> o il
Jo3s85 Oliee GlBl & omie callins; Lalpd 5o (SB94en
@ ol g oo el 5l Sl (gl 5o S o>
L5 (oole pardlio (pols 28157 L (ol (Slos a0 S1a0
b 38,5 oo [l Ll pd 4 Sguzme 5 Sl el o
WS amb ) ggdee ol alie Sl
(Martinez-Porchas et al., 2009)

Jlesl 51 ) Cele 5o 58 Ledl S5 el
g cele £ U (S5 o5 s 0 a5 b sanlice Lo ytul
Gl ool Jleel 5l el Y B o515 les
sl Sbaogeyen Byl il cod g S, JB
2 58 L laeaa¥oSilS g oad o8 JgzpsS L akal, 5o
4 e el (pl &5 Wigdige eSS Wl o uS
09 S5 Ol amet )3 5 48T 5SS ol o5 gl
Lwdly 35505 ol 50 oti Sibe @ abioe Gl
(Carey et cuul oyl @ 456 Splie gl 5l i
Jade ol oyl Jlesl 51w ) cele o al., 1998)
e 5l i s locine SWSTL 0515 08 o o 59lS
408 ol oz Ol os 4T (nl gl 50 09 oS5
oM Ol 019 e ool b bl aglse pln
GSol9) 55500 Slol fmg o puty (Jola i jolaieds
s Bkl S e Bras 350 as pierw 50,
OL o515) oo oyl 2 ymays &5 Slale Cunl (Sas
gl opl a8 aisd azlge g ol b claals )3
(Pierson et al., wi aslys e 9> S5 Lals
355 ol 455 (! Blsise 00 S @l 4 4z 1. 2004)
05 2 S5 e Gl el il Jleel 5l an &5
S I8 eze el (Byme 0 ]Sl Gl &5 Slale
o il e e 0 &S Shale 4 Cund Wisy
el xS Klodgus
90 52 30 eyl Jlesl 51 G ) cels o OUSY gl
E9rd & S o Sre (Bl 0150 9 o155 Lo
Barton Ly oas &l 3155 alie a5 culy bl
zkw .l Scaphirhynchus albus sl o (Y--+)
b Hhas codld Sl STy lgieay o LSY
(Caruso et al., 2005; wbl oo il oyl

Y'Y


http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

\GJM/@J&%JL&

Oloel @Y ale dlas

meal diets on growth performance of channel
catfish, Ictalurus punctatus. Aquaculture,
207: 65-86. doi: 10.1300/J028v10n01_07

Barry, T.P., Lapp, AF. Kayes T.B. and
Malison, J.A, 1993. Validation of an ELISA
for measuring cortisol in fish and comparison
of stress responses of rainbow trout and lake
trout. Agquaculture, 117: 351-363. doi:
10.1016/0044-8486(93)90331-R

Barton, B.A., Rahn, A.B., Feist, G., Bollig, H.
and Schreck, C.B., 1998. Physiological
stress  responses of the  freshwater
chondrostean paddlefish (Polyodon spathula)
to acute physical disturbances. Comparative
Biochemistry and Physiology, 120: 355-363.
doi: 10.1016/S1095-6433(98)10036-3

Barton, B.A., 2000.  Juvenile  pallid
(Scaphirhynchus albus) and hybrid pallid x
shovelnose (S. albus x platorynchus)
sturgeons  exhibit  low  physiological
responses to acute handling and severe
confinement. Comparative Biochemistry and
Physiology, 126A: 125-134. doi:
10.1016/S1095-6433(00)00192-6

Barton, B.A., Ribas, L., Acerete, L. and Tort,
L., 2005. Effects of chronic confinement on
physiological responses of juvenile gilthead
sea bream, Sparus aurata L., to acute
handling. Aquaculture Research, 36: 172-
179. doi: 10.1111/j.1365-2109.2004.01202.x

Bayunova, L. and Barannikova, ., 2002.
Sturgeon stress reactions in aquaculture.
Journal of Applied Ichthyology, 18: 397-404.
Doi: 10.1046/j.1439-0426.2002.00410.x

Biswas, A.K., Seoka, M., Takii, K., Maita, M.
and Kumai, H., 2006. Stress response of red
sea bream Pagrus major to acute handling

AR A

ke 5 08 JouS oo iy Seilen slaasls oy
g ol iz BB ol LIS (easlS 5o

4 ohale b @Y Cosslin 5l lis yols adllas b
Orired (LBl ailine; Lalyh 50 (YU o515) Geje ol
Jlael 5 itz glajlos o ol Loyl Jlasl 5 o
S5 5 ol sl o s 02y b oDt
@ gl oz b pbebeid a5 05 ol jsbenl Olsise
053 (S35 5 (o il G ALl alilg oo Lis pusdy ¢y ]
lagy] ol 455 S5l 5 il T3k gole > 4 |,
ol el iy SWl WS Lulid s ol eyl 4
Gl 5 e30) ooyl gl 4 byl (YL Caglie Sl s
adgl > ciSib da il )y aldst 28,5 S o b el
2y el ¥ oogus Sl (il Glagasly )50 50
oaplice Caelus £ 0500 5l s So5edgilen slo ali 550
Lulyd g (Shstem 4505 oo 455 (nl GlgS e (izren S
ool 4 laled mul s, 6ol b albis;
G el sy Lyl 3 13 W5l sl g (peje
ST g l0 9929 SYL (Sail slaeSTys o olale Jd
J ol b sl anals i 5l oloabe codle s yal ol
Sente ) Wlgige oyl Julse 2alS 5 Co e d9un
SOl She o859 slae ;0 AT (nl ey Lyl

S0 g S

9 Oedgins adS 511 093 Sas g S10,08 Slpe by ipa
Olaydles 2l plale p153 5lujl 5 2355 55 0 (LS,
clz pgata (LS L) el jncius 250
BT bz g S, ) oly e gl esige GBI
2l g 5550 olasleil Jytus oy CiSe agy (wdige
o oo Il oy 059wl yo Sacluw a5 Jl55e

P W

Barros, M.M., Lim, C. and Klesius, P.H., 2002.

Effect of iron supplementation to Cottonseed

and chronic photoperiod manipulation.

Agquaculture, 252: 566-572. doi:
10.1016/j.aquaculture.2005.06.043


http://dx.doi.org/10.1300/J028v10n01_07
https://doi.org/10.1016/0044-8486%2893%2990331-R
http://doi.org/10.1016/S1095-6433%2898%2910036-3
http://www.sciencedirect.com/science/journal/10956433
http://www.sciencedirect.com/science/journal/10956433
http://doi.org/10.1016/S1095-6433%2800%2900192-6
http://doi.org/10.1016/j.aquaculture.2005.06.043
http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

e o3 (550965 (HUSO huso L) o)) sa laaloJud das (o s 3 G (S 5 (ousios] slagealy

OoKea 5 LKA

Bond, C.E., 1996. Biology of Fishes. Saunders
College Publishing, Philadelphia,
Pennsylvania. 750 P.

Boshra, H., Li, J. and Sunyer, J.O., 2006.
Recent advances on the complement system
of teleost fish. Fish and Shellfish
Immunology, 20: 239-262. doi:
10.1016/j.si.2005.04.004

Carey, J.B. and McCormick, S.D., 1998.
Atlantic salmon smolts are more responsive
to an acute handling and confinement stress
than parr. Aquaculture, 168: 237-253. doi:
10.1016/S0044-8486(98)00352-4

Carragher, J.F. and Rees, C.M., 1994. Primary
and secondary stress responses in golden
perch, Macquaria ambigua. Comparative
Biochemistry and Physiology, 107A: 49-56.
doi: 10.1016/0300-9629(94)90272-0

Caruso, G., Genovese, L., Marcchiolo, G. and
Mopica, A., 2005. Hematological,
biochemical and immunological parameters
as stress indicators in Dicentrarchus labrax
and Sparus aurata farmed in off-shore cages.
Aguaculture International, 13: 67-73. doi:
10.1007/s10499-004-9031-5

Collazos, M.E., Barriga, C. and Ortega, E.,
1994. Optimum conditions for the activation
of the alternative complement pathway of a
cyprinid fish (Tinca tinca, L.). Seasonal
variations in the titres. Fish and Shellfish
Immunology, 4: 499-506. doi:
10.1006/fsim.1994.1044

Cordeiro, O.D., Silva, T.S., Alves, R.N., Costas,
B., Wulff, T., Richard, N., Vareilles, M.,
Conceicdo, L.E.C. and Rodrigues, P.M.,
2012. Changes in liver proteome expression
of Senegalese sole (Solea senegalensis) in

response to repeated handling stress. Marine
Biotechnology, 14: 714-729. doi:
10.1007/s10126-012-9437-4

Di Marco, P., Priori, A., Finoia, M.G., Massari,
A., Mandich, A. and Marino, G., 2008.
Physiological responses of European sea bass
Dicentrarchus labrax to different stocking
densities and acute stress challenge.
Agquaculture, 275: 319-328. doi:
10.1016/j.aquaculture.2007.12.012

Drabkin, D.R., 1945. Crystallographic and
optical properties of human hemoglobin. A
proposal for the standardization of
hemoglobin.  American Journal of the
Medical Sciences, 209: 268-270.

Falahatkar, B. and Barton, B.A., 2007.
Preliminary observations of physiological
responses to acute handling and confinement
in juvenile beluga Huso huso L. Aquaculture
Research, 38: 1786-1789. doi:
10.1111/j.1365-2109.2007.01855.x

Falahatkar, B., Poursaeid, S., Shakoorian, M.
and Barton, B., 2009. Responses to handling
and confinement stressors in juvenile great
sturgeon Huso huso. Journal of Fish Biology,
75: 784-796. doi: 10.1111/5.1095-
8649.2009.02334.x

Fevolden, S., Roed, K.H. and Fjalested, K.T.,
2002. Selection response of cortisol and
lysozyme in rainbow trout and correlation to
growth. Aquaculture, 205: 61-75. doi:
10.1016/S0044-8486(01)00660-3

Gennotte, V., Sawadogo, P., Milla, S,
Kestemont, P., Mélard, C. and Rougeot,
C., 2012. Cortisol is responsible for positive
and negative effects in the ovarian maturation
induced by the exposure to acute stressors in

VY7


http://doi.org/10.1016/j.fsi.2005.04.004
http://doi.org/10.1016/S0044-8486%2898%2900352-4
http://www.sciencedirect.com/science/article/pii/0300962994902720
http://www.sciencedirect.com/science/article/pii/0300962994902720
http://www.sciencedirect.com/science/journal/03009629
http://www.sciencedirect.com/science/journal/03009629
https://doi.org/10.1016/0300-9629%2894%2990272-0
https://doi.org/10.1006/fsim.1994.1044
http://link.springer.com/journal/10126
http://link.springer.com/journal/10126
http://doi.org/10.1016/j.aquaculture.2007.12.012
http://doi.org/10.1016/S0044-8486%2801%2900660-3
http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

\GJM/@J&%JL&

Oloel @Y ale dlas

Nile tilapia, Oreochromis niloticus. Fish
Physiology and Biochemistry, 38: 1619-
1626. doi: 10.1007/s10695-012-9656-7

Hoseini, S.M, Hosseini, S.A. and Nodeh, A.J.,
2011. Serum biochemical characteristics of
Beluga, Huso huso (L.), in response to blood
sampling after clove powder solution
exposure. Fish Physiology and Biochemistry,
37: 567-572. doi: 10.1007/s10695-010-9458-
8

Hosoya, S., Johnson, S.C., Iwama, G.K,
Gamperl, A.K. and Afonso, L.O.B., 2007.
Changes in free and total plasma cortisol
levels in juvenile haddock (Melanogrammus
aeglefinus) exposed to long-term handling
stress.  Comparative  Biochemistry  and
Physiology, Part A: Molecular & Integrative
Physiology, 146: 78-86. doi:
10.1016/j.cbpa.2006.09.003

Iversen, M., Finstad, B., McKinley, R.S,,
Eliassen, R.A., Carlsen, K.T. and Evjen,
T., 2005. Stress responses in Atlantic salmon
(Salmo salar) smolts during commercial well
boat transports and effects on survival after
transfer to sea. Aquaculture Research, 243:
373-382. doi:
10.1016/j.aquaculture.2004.10.019

Kazemi, R., Bahmani, M., Hallajian, A,
Pourkazemi, M. and Dejandian, S., 2005.
Investigation of blood serum osmo-ion
regulation in blood and reared juvenile
Acipenser persicus. Proceeding of the 5th
International Symposium on  Sturgeon,
Ramsar, Iran, 9-13 May 2005.

Kopriicii, S.S.K., Kopriicii, M.S., Ural, U. and
Pala, M., 2006. Acute toxicity of
organophosphorous pesticide diazinon and its

AR

effects on behavior and some hematological
parameters of fingerling European catfish,
Silurus glanis L. Pesticide Biochemistry and
Physiology, 86: 99-105. doi:
10.1016/j.pestbp.2006.02.001

Krasnov, A., Koskinen, H., Pehkonen, P.,
Rexroad, C.E., Afanasyev, S. and Mdlsa,
H., 2005. Gene expression in the brain and
kidney of rainbow trout in response to
handling stress. BMC Genomics, 6: 3. doi:
10.1186/1471-2164-6-3

Kubilay, A. and Ulukay, G., 2002. The effect of
acute stress on rainbow trout (Oncorhynchus
mykiss). Turkish Journal of Zoology, 26:
249-254,

Martinez-Porchas, M., Martinez-Cérdova,
L.R. and Ramos-Enriquez, R., 2009.
Cortisol and glucose: reliable indicators of
fish stress? Pan-American Journal of Aquatic
Sciences, 4: 158-178.

Matsche, M.A. and Gibbons, J., 2012. Annual
variation of hematology and plasma
chemistry in shortnose sturgeon, Acipenser
brevirostrum during a dam-impeded
spawning run. Fish Physiology and
Biochemistry, 38: 1679-1696. doi:
10.1007/s10695-012-9664-7

McCarty, R., Sabban, E.L. and Kvetnansky,
R., 1996. Stress: Molecular Genetic and
Neurobiological advances. Harward
Academic, Amsterdam, Netherlands. 1002 P.

Ortuiio, J., Esteban, M.A. and Meseguer, J.,
2002a. Effects of four anesthetics on the
innate immune response of gilthead seabream
(Sparus aurata L.). Fish and Shellfish
Immunology, 12: 49-59. doi:
10.1006/fsim.2001.0353


http://dx.doi.org/10.1007/s10695-012-9656-7
http://doi.org/10.1016/j.cbpa.2006.09.003
http://doi.org/10.1016/j.aquaculture.2004.10.019
http://doi.org/10.1016/j.pestbp.2006.02.001
http://link.springer.com/journal/10695
http://link.springer.com/journal/10695
https://doi.org/10.1006/fsim.2001.0353
http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

e o3 (550965 (HUSO huso L) o)) sa laaloJud das (o s 3 G (S 5 (ousios] slagealy

OoKea 5 LKA

Ortufio, J., Esteban, M.A. and Meseguer, J.,
2002b. Effects of phenoxyethanol on the
innate immune system of gilthead seabream
exposed to crowding stress (Sparus aurata
L.). Veterinary Immunology and
Immunopathology, 89: 29-36.  doi:
10.1016/S0165-2427(02)00183-6

Pierson, P.M., Lamers, A., Flik, G. and Mayer-
Gostan, N., 2004. The stress axis,
stanniocalcin, and ion balance in rainbow
trout. General and Comparative
Endocrinology, 137: 263-271.  doi:
10.1016/j.ygcen.2004.03.010

Piper, R.G., McElwain, L.B., Orme, L.E,
McCraren, J.P., Fowler, L.G. and
Leonard, J.R., 1982. Fish Hatchery
Management. US Fish Wildlife Service,
Washington, DC, United States. 517 P.

Rafatnezhad, S., Falahatkar, B. and Tolouei
Gilani, M.H., 2008. Effects of stocking
density on haematological parameters,
growth and fin erosion of great sturgeon
(Huso  huso)  juveniles.  Agquaculture
Research, 39: 1513-1506. doi:
10.1111/.1365-2109.2008.02020.x

Ramsay, J.M., Feist, G.W., Varga, Z.M,
Westerfield, M., Kent, M.L. and Schreck,
C.B., 2006. Whole-body cortisol is an
indicator of crowding stress in adult
zebrafish, Danio  rerio.  Aquaculture,
258:565-574. doi:
10.1016/j.aquaculture.2006.04.020

Rehulka, J., 2000. Influence of astaxanthin on
growth rate condition, and some blood
indices of rainbow trout, Oncorhynchus
mykiss. Aquaculture, 190: 27-47. doi:
10.1016/S0044-8486(00)00383-5

Santos, G.A., Schrama, JW., Mamauag,
R.E.P., Rombout, J.HW.M. and Verreth,
J.AJ.,, 2010. Chronic stress impairs
performance, energy metabolism and welfare
indicators in European seabass
(Dicentrarchus labrax): the combined effects
of fish crowding and water quality
deterioration. Aquaculture, 299: 73-80. doi:
10.1016/j.aquaculture.2009.11.018

Saroglia, M. and Liu, Z., 2012. Functional
Genomics in Aquaculture. Wiley Online
Library, Hoboken, New Jersey, United
States. 419 P.

Segner, H., Sundh, H., Buchmann, K., Douxfils,
J., Sundell, K.S., Mathieu, C., Ruane, N.,
Jutfelt, F., Toften, H. and Vaughan, L.,
2012. Health of farmed fish: its relation to
fish welfare and its utility as welfare
indicator. Fish Physiology and Biochemistry,
38: 85-105. doi: 10.1007/s10695-011-9517-9

Small, B.C., 2003. Anesthetic efficacy of
metomidate and comparison of plasma
cortisol responses to tricaine
methanesulfonate, quinaldine and clove oil
anesthetized channel catfish, Ictalurus
punctatus. Aquaculture, 218: 177-185. doi:
10.1016/S0044-8486(02)00302-2

Trenzado, C.E., Carrick, T.R. and Pottinger,
T.G., 2006. Divergence of endocrine and
metabolic responses to stress in two rainbow
trout lines selected for differing cortisol
responsiveness to stress. General and
Comparative Endocrinology, 133:332-340.
doi: 10.1016/S0016-6480(03)00191-6

Velisek, J., Svobodova, Z., Piackova, V., Groch,
L. and Nepejchalova, L., 2005a. Effects of
clove oil anaesthesia on common carp

VYA


http://www.sciencedirect.com/science/journal/01652427
http://www.sciencedirect.com/science/journal/01652427
http://doi.org/10.1016/S0165-2427%2802%2900183-6
http://doi.org/10.1016/j.aquaculture.2006.04.020
https://www.google.com/search?biw=1360&bih=632&q=hoboken+nj&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypT4gAxK_LMk7S0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxQCykbPNQwAAAA&sa=X&psj=1&ved=0ahUKEwjZ1O_QxY_KAhXM6RQKHWLbA6EQmxMIfygBMBE
https://www.google.com/search?biw=1360&bih=632&q=hoboken+nj&stick=H4sIAAAAAAAAAOPgE-LUz9U3MMotLypT4gAxK_LMk7S0spOt9POL0hPzMqsSSzLz81A4VhmpiSmFpYlFJalFxQCykbPNQwAAAA&sa=X&psj=1&ved=0ahUKEwjZ1O_QxY_KAhXM6RQKHWLbA6EQmxMIfygBMBE
http://link.springer.com/journal/10695
http://dx.doi.org/10.1007/s10695-011-9517-9
http://doi.org/10.1016/S0044-8486%2802%2900302-2
http://doi.org/10.1016/S0016-6480%2803%2900191-6
http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

\GJM/@J&%JL&

Oloel @Y ale dlas

(Cyprinus carpio L.). Journal of Veterinary
Medicine, 50: 269-275.

Velisek, J., Svobodova, Z. and Piackova, V.,
2005b. Effects of clove oil anaesthesia on
rainbow trout (Oncorhynchus mykiss). Acta
Veterinaria Brno, 74: 139-146.

Wedemeyer, G.A., 1996. Physiology of Fish in
Intensive Culture Systems. International

Y74

Thompson Publishing, Toronto, Canada. 232
P.

Weil, L.S., Barry, T.P. and Malison, J.A., 2001.
Fast growth in rainbow trout is correlated
with a rapid decrease in post-stress cortisol
concentration. Aquaculture, 193: 373-380.
doi: 10.1016/S0044-8486(00)00482-8


http://doi.org/10.1016/S0044-8486%2800%2900482-8
http://dx.doi.org/10.22092/ISFJ.2017.110335
https://dor.isc.ac/dor/20.1001.1.10261354.1396.26.1.7.4
http://isfj.ir/article-1-1483-en.html

[ Downloaded from isfj.ir on 2026-06-25 ]

[ DOR: 20.1001.1.10261354.1396.26.1.7.4 ]

[ DOI: 10.22092/1SFJ.2017.110335]

Iranian Scientific Fisheries Journal Vol. 26, No.1

Stress and hematological responses of juveniles beluga sturgeon (Huso huso L.) held in low or high

densities in winter condition after applying anesthesia

Falahatkar B.1"; Kohansal S.!; Mohammadaliha R.}

" bfalahatkar@yahoo.com

1-Fisheries Department, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Guilan, Iran

Abstract

This study was performed in order to evaluate the effects of chronic stress (density) and acute stress
(handling) existed in culture environments on stress and hematological parameters of beluga
sturgeon (Huso huso) under winter condition (below 10°C) after application of anesthesia. Fish with
mean (+ SE) weight of 399 + 1.4 g were kept in the low (1 kg/m?) and high densities (8 kg/m?) in
three replicates for a week. Then, fish were held under stress condition so that they were quickly
removed from the rearing tank and then anesthetized for 2 minutes in container (50 1) includes 400
mg/l clove powder extract. They were then returned to the original tanks. Blood samples were taken
before the stress (0 time), 1, 3, 6, 12, 24 and 48 hours after application of the stress; the stress
indicators (cortisol, glucose and lactate) and hematological parameters (hematocrit, hemoglobin,
number of red blood cells, MCV, MCH, MCHC, number of white blood cells, lymphocytes,
neutrophils, eosinophils and monocytes) were measured. No differences in measured parameters
were observed after one week of holding fish at low and high densities. The results of stress
indicators, one hour after acute stress and anesthesia showed a significant difference with resting
time (p<0.001). Also significant difference was observed on lactate levels between the low and high
densities at 3 h after acute stress and anesthesia (p=0.032). Number of white blood cells at 1 and 6 h
after acute stress and anesthesia in high density showed significant difference with resting time
(p<0.001). MCV showed significant difference between two treatments at 48 h after the stress and
anesthesia (p=0.016). The other parameters did not show any significant difference between
treatments (p>0.05). The results revealed that beluga sturgeon has high resistance against chronic
and acute stressors and anesthesia. However, it seems that anesthesia could not control the low
negative effects of stress even in this condition of low temperature.
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