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Abstract

Brown trout was carried out of water for 30 s in the indoor aquaculture system, and the blood
glucose concentration, blood cell volume, plasma cortisol content and intestinal permeability
were measured after 1 h. Meanwhile, the content of cortisol in the tank water was measured to
discuss the possibility of water cortisol as the non-invasive stress index of brown trout. The re-
sults showed that there were no significantly differences in blood glucose concentration and blood
cell between the stressed and control group, while the content of plasma cortisol increased signif-
icantly (74.83 + 23.1 ng/mL vs. 142.93 + 48.2 ng/mL, P < 0.05) in stressed fish. The intestinal wall
potential difference (PD) was significantly lower, indicating that the stress could reduce the active
transport between intestinal mucosa side and serous side. In addition, it was found that the tank
water cortisol was rising and come to 0.009 ng/ (g * h) after 1 h. The study suggested that it is
possible to consider tank water cortisol as the non-invasive stress index of brown trout in aqua-
culture system, which laid a theoretical foundation for improving fish welfare.
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Figure 1. Blood glucose concentration and blood cell in the stressed and control fish
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Figure 2. Content of plasma cortisol in the stressed and control fish
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Figure 3. PD values of the stressed and control fish along time
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Figure 4. Content of water cortisol after stress

B 4. 8 XZNHRKRERERESEHNEL

IR T, RIA SR 1T 5 0T S S AR R AR B DG [16]0 FREE M 2RZ B A e 3 26 . 1L
B, PrEpbE . AYba . EEENEE17]. R E R RS B SR — R e, R —
i, FE IR AR PR W.o AT TE S A 0 M ) SR AR A, PR L IR A B AR AR R T L
I AN TR KA AR A

FAR M ARCTF R UVE N EZ R, R ENRE FRILITER . AT, SN R A
Peicta e, BEENUANEZN ARSIk, MR S B 2 R AR AR . A B LR B 2 SR 8
51 T A R v URRERE , 58T 8T R E e S IR T e o H— B REE B = KT (18] [19]0 AN FL4E R
I R 1 200 Y 2 R S LR 7 8 2 £ R N 3 2 22 (P > 0.05), AT RESE: T AR BT 0 HURE ol [ 4 A
Wi 1 h 5, SO BRI PIE A KA BB OB AW Fids R 632 B i 1 h 5, R
JREEFNFLER 3R 2 2 Th iy, 10 OB JC 2 3 AR [20] . PN SR (2 1 AR Al B et J5 e o 85 00 9 5
BRAMES 12h AT, JFH - BY4ERER K.

IR R 53 BN R A VE AR 8 ST 0 SR N B R TR A, T O R R B W e A 0 2 4100 1) S5
F[22]0 B P M 2 2538 H0H LR 03 B 7K PR — TS LT 78 () BB B2 48 AR, FH DU BRREBOCIRAS T N 4
W RGARA[3] [17] [23] [24] AW A ERAE A 1 h J5 , I 2E 40 0 1 5 o ek 5 568 25 7 i (P < 0.05),
B AP R Pl 2 5 1 A 40 5 B P SIS I o R R [ 25 AR AT 9 [ 11 i £ 25 S 2R R S0 4, SR i

DOI: 10.12677/0jfr.2018.53016 145 K= FT


https://doi.org/10.12677/ojfr.2018.53016

T R ERIBUG B 1 /NRHA BB R, TIAE 4 NI R 2 BOERT 7K Fast et al. [26]H0.45 H
KPGPEEEEREAE NI 1 h 5, KT BT 6.

IEHEAEEEAMNT, @RI IR, (RPN & 72 T D@, X s g —
ERIREREE, WM —EREBA 2, B PD. Gustke er al. [27]45 3 kG 4545 7T 4§ PD 1 F44%, PD
B AT S R S 0 e 4 . BT ACIRAEIDIE 1 h J5, SR iR BE PD {8 B35 FRAR, 150 BA RS B AT AR
M R B R, N B E M AR AR AL, HETRE N T ANEE . B RSN MR L. M ST C AR
SUP R ENESL[13] [14]. Hik, PD {E NG RGBS B Fabr, AT /E N S B A Hh ) S B DR 7 ot 7 A
B LU BT

BEE AL SRR, FIORA A S R, T R R T B RE Y B AR P
FEFE Al R AR PR GLAR R O, SRR RO EE S RIEE K (6], Bk, PUKAR R R R B B
FEFRMTCON 7k CAENT i, e, PG PRk 5 0 SR b AT R [6] [28] [29]0 ARHIFFE6F 58 N 77 i e il 44
3L J A 7 R 38 e 7 [ T B 5 VAT TR, A SR s K MR R R RETE RS 1 h R AR 0.009
ng/(g * h). MCEFHGEEIIAT RN ARG 225, FREFREAMIRES, 801230, 1.5h 5 BT ia7e
FEVEAT N SRS, Vi AR S N T IR 8K K . Lubke A1 Wedekind [6]45 H %5 FE Fr B, AT it
T KR ) B2 SR 9 0.1 ng/(g * ), e 7 200 22 5 0T 8 5 80T f0 SR B (1 5 ZURR T o ASHIE T2 52K
TE B 7 I 5 5 7K R B o T T A g — P e A R TG O M S R A

5. &hig

B KARAE 30 s W EURAB B AR BSOS, 1 h S LB S 2 T s (LR A P A 4 P A AR B
WE . FiAh, BN T G B i R A R A, PD R E TR, U R SN N A
RO AR LN (4 = B S kb, B BER AT RESZ RIREM . RN PRS 1 LASRBE KA b BB 5 B A 9ty
B IC A PE R AR PRI AT BEPE, DR TR A AR A BE T S

E&WE

P K = BRI AT R KT K T S T AR 55 48 2 (201 7JBFO103) FIELAR A = Ik B AR R &
T %% 42 (CARS-46)

SE

[1] Frick, L.H., Walker, T.I. and Reina, R.D. (2010) Trawl Capture of Port Jackson Sharks Heterodontus portusjacksoni,
and Gummy Sharks, Mustelus antarcticus, in a Controlled Setting: Effects of Tow Duration, Air Exposure and Crowd-
ing. Fisheries Research, 106, 344-350. https://doi.org/10.1016/j.fishres.2010.08.016

Walsh, P.J. (1997) Fish Stress and Health in Aquaculture. Bulletin of Marine Science-Miami, 61, 501-502.

R, MEE, HER, 5 ARNBEYE R SMAN]. EaEE, 2011, 23(4): 394-401.

Barton, B.A. and Iwama, G.K. (1991) Physiological Changes in Fish from Stress in Aquaculture with Emphasis on the

Response and Effects of Corticosteroids. Annual Review of Fish Diseases, 1, 3-26.

https://doi.org/10.1016/0959-8030(91)90019-G

[S] Barton, B.A. (2002) Stress in Fishes: A Diversity of Responses with Particular Reference to Changes in Circulating
Corticosteroids. Integrative & Comparative Biology, 42, 517-525. https://doi.org/10.1093/icb/42.3.517

[6] Lubke, K. and Wedekind, H. (2016) Stress and Fish Welfare Non-Invasive Measurement of Cortisol in Fish Holding
Water. Journal of Aquaculture Research & Development, T, 8 (Suppl).

[7] Vellestad, L.A., Olsen, E.M. and Forseth, T. (2002) Growth-Rate Variation in Brown Rout in Small Neighbouring

Streams: Evidence for Density-Dependence? Journal of Fish Biology, 61, 1513-1527.
https://doi.org/10.1111/j.1095-8649.2002.tb02494.x

[8] FEIF5. WAREEE TR FRERI R [D]: (B0 30, B F##eER, 2015.

— — o/
AW
—_ -

DOI: 10.12677/0jfr.2018.53016 146 K= FT


https://doi.org/10.12677/ojfr.2018.53016
https://doi.org/10.1016/j.fishres.2010.08.016
https://doi.org/10.1016/0959-8030(91)90019-G
https://doi.org/10.1093/icb/42.3.517
https://doi.org/10.1111/j.1095-8649.2002.tb02494.x

Mg, Ml

[13]
[14]

[15]
[16]

[17]
(18]

[19]
[20]

(21]

[22]

(23]

[24]

[25]
[26]

Jenkins Jr., T.M., Diehl, S., Kratz, K.W., ef al. (1999) Effects of Population Density on Individual Growth of Brown
Trout in Streams. Ecology, 80, 941-956. https://doi.org/10.1890/0012-9658(1999)080[0941:EOPDOI]2.0.CO:2

Ik, 55, o4, & NEZFFEE LR Salmo trutta)fE A K PERERI M), RAbR KE2E4R, 2014,
45(12): 18-23.

Brown, J.A., Edwards, D. and Whitehead, C. (2010) Cortisol and Thyroid Hormone Responses to Acid Stress in the
Brown Trout, Salmo trutta L. Journal of Fish Biology, 35, 73-84. https://doi.org/10.1111/1.1095-8649.1989.tb03394.x

Clarke, L.L. (2009) A Guide to Ussing Chamber Studies of Mouse Intestine. American Journal of Physiolo-
gv-Gastrointestinal and Liver Physiology, 296, G1151-G1166. https://doi.org/10.1152/ajpgi.90649.2008

JA e, B, WIER, . KEE/NMaiEshrsinm kL], & EZGE2EEH, 2003, 19(12): 1421-1424.

Lundgren, O., Peregrin, A.T., Persson, K., et al. (2000) Role of the Enteric Nervous System in the Fluid and Electro-
lyte Secretion of Rotavirus Diarrhea. Science, 287, 491-495. https://doi.org/10.1126/science.287.5452.491

XUHEFE. H ek £ (R SR BE AN T A DR T3], BL2EFR £, 2004(8): 40-41.

BB, XOUH, AR, FR5EE O AR SR A T RE IR TAET A AR, SR DL RN, P77 7K™
Rl 2006, 2(6): 76-80.

FH, gt HIMRAXT G R P FOBGLT]. KRR, 2002, 26(4): 368-374.

Hasan, M. and Bart, A.N. (2007) Effects of Capture, Loading Density and Transport Stress on the Mortality, Physio-

logical Responses, Bacterial Density and Growth of Rohu Labeo rohita Fingerlings. Fish Physiology & Biochemistry,
33,241-248. https://doi.org/10.1007/s10695-007-9136-7

FHE. S B  EL LN £ 43 44 I ML AR I SE M [D]: [l B A018 3], ME/RTE: Rk K 2, 2007.

Barton, B.A., Rahn, A.B., Feist, G., et al. (1998) Physiological Stress Responses of the Freshwater Chondrostean Pad-
dlefish (Polyodon spathula) to Acute Physical Disturbances. Comparative Biochemistry & Physiology Part A, 120,
355-363. https://doi.org/10.1016/S1095-6433(98)10036-3

INEE, BT, BREUW, . e i & 6 MR A AR RR IS [T]. RIDKRZ 2R (ERHR), 2012, 9(4):
28-32.

X/NES . E RO BT T [T]. KA, 2007, 27(3): 1-3.

Vyver, J.S.F.V.D., Kaiser, H., Potts, W.M., et al. (2013) Using Blood Plasma Cortisol Concentration and Fish Beha-
viour to Determine Temperature Avoidance in the Estuarine-Dependent Fish Species Rhabdosargus holubi Steindach-
ner, 1881 Sparidae. Journal of Applied Ichthyology, 29, 1275-1278. https://doi.org/10.1111/jai.12268

RREUE, WARERE, VLM, &, GSHE AR MS-222 R XM R R TR . LR A SR KR T]. RK
¥k, 2016, 46(322): 94-98.

XL, (5 1 8 A BRATL A B 22 A SRS A 7 [D]: [ 2= i =0, i Rl K2, 2014,

Fast, M.D., Hosoya, S., Johnson, S.C., et al. (2008) Cortisol Response and Immune-Related Effects of Atlantic Salmon

(Salmo salar Linnaeus) Subjected to Short- and Long-Term Stress. Fish and Shellfish Immunology, 24, 194-204.
https://doi.org/10.1016/j.15i.2007.10.009

Gustke, R.F., McCormick, P., Ruppin, H., et al. (1981) Human Intestinal Potential Difference: Recording Method and
Biophysical Implications. The Journal of Physiology, 321, 571. https://doi.org/10.1113/jphysiol.1981.sp014003

Ruane, N.M. and Komen, H. (2003) Measuring Cortisol in the Water as an Indicator of Stress Caused by Increased
Loading Density in Common Carp (Cyprinus carpio). Aquaculture, 218, 685-693.
https://doi.org/10.1016/S0044-8486(02)00422-2

Ellis, T., James, J.D., Sundhm, H., et al. (2007) Non-Invasive Measurement of Cortisol and Melatonin in Tanks
Stocked with Seawater Atlantic Salmon. Aquaculture, 272, 698-706. https://doi.org/10.1016/j.aquaculture.2007.07.219

DOI: 10.12677/0jfr.2018.53016 147 K= FT


https://doi.org/10.12677/ojfr.2018.53016
https://doi.org/10.1890/0012-9658(1999)080%5b0941:EOPDOI%5d2.0.CO;2
https://doi.org/10.1111/j.1095-8649.1989.tb03394.x
https://doi.org/10.1152/ajpgi.90649.2008
https://doi.org/10.1126/science.287.5452.491
https://doi.org/10.1007/s10695-007-9136-7
https://doi.org/10.1016/S1095-6433(98)10036-3
https://doi.org/10.1111/jai.12268
https://doi.org/10.1016/j.fsi.2007.10.009
https://doi.org/10.1113/jphysiol.1981.sp014003
https://doi.org/10.1016/S0044-8486(02)00422-2
https://doi.org/10.1016/j.aquaculture.2007.07.219

Hans Xh
PR RN R

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
N FIRHESERE: [ISSN], FAMITI ISSN: 2373-1443, RIA[& i
2. FTHFHIM B T http:/cnki.net/
Ao« BRSCHEREE” BEN, BIANSCEbRE, BRI

hEE S http://www.hanspub.org/Submission.aspx
HAFIMEAE: ojfr@hanspub.or



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ojfr@hanspub.org

	Effects of Handling Stress Out of Water on Blood Parameters and Tank Water Cortisol in Brown Trout Salmo trutta
	Abstract
	Keywords
	操作胁迫对褐鳟血液理化及养殖水体中皮质醇的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 褐鳟养殖
	2.2. 褐鳟血液、肠道样本制备及测定
	2.3. 养殖水体样本制备及测定
	2.4. 数据分析

	3. 结果与分析
	3.1. 操作胁迫后褐鳟血液生理变化
	3.2. 操作胁迫后褐鳟肠壁生理变化
	3.3. 操作胁迫后褐鳟养殖水体皮质醇含量

	4. 讨论
	5. 结论
	基金项目
	参考文献

