SHe 1ATINT SUT3-303-50-12-09

s&lbs
AT

'ﬁwmﬁl“"*

SIBNUNTTIVY

o =y a oy o d
Tatininegwazs undiveslaninvesdamannessasy

Haematology and Blood Biochemistry of Flower Horn Fish
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MIETANABBNGIIU(Hypoxia) Ao ladaInguazaidnalves lainvosaarnedsoty o
isznovlilde hematocrit (Ht), red blood cell count (RBC), white blood cell count
(WBC),hemoglobin concentration {Hb), mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC ), blood glucose, blood urea
nitrogen (BUN), creatine kinase (CK), alanine aminotransferase (ALT), uag aspartate aminotransferase

(AST)
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Hanisnanesnu N lafninendsznoudis WBC, RBC, Hb, Ht, MCV, MCH uag MCHC
vostlmarieseesulinunify 3.15 £0.64 x10° cell/ul, 2,23+ 0.39x10° cell/ul, 7.50 + 1.00 g/dl,
22304224 %, 110.20 = 26.69 fl, 37.88+ 5.17 pg, 34.64 £ 4.92 g/dl MR UAZHANMTANY A
Funtiveslainlsenoudiu Glucose, CK, ALT, AST, BUN 8¢ Cholesterol ¥o3uavalnies
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UNAAHMEIDINGH
The aims of this study were to investigate hematological and biochemical blood
vaiues and to determine the efiects of severe lack of oxygen (hypoxia) on hematology and
blood biochemistry in Flower Horn fish. These include the hematocrit (Ht}, red blood cell
count (RBC), white blood cell count (WBCQ), hemoglobin concentration (Hb), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), blood glucose, blood urea nitrogen {BUN), creatine

kinase (CK}, alanine aminotransferase (ALT), and aspartate aminotransferase (AST).

A total of 90 Flower Horn fish at 1.5 years of age were used in this study. In
experiment |, investigating hematological and biochemical blood values, Flower Horn fish
were divided into 1 group. Each group had 3 replications, 5 fish for each replication. In
experiment I, investigating the effects of severe lack of oxygen (hypoxia) on hematology
and biood biochemistry, Flower Horn fi-sh were divided into 5 groups. Each group had 3
replications, & fish for each replication. Hypoxia was induced by substituted the amount of
dissolved O, in water by N, for 0, 12, 24, 48 and 72 hours. Blood samples were collected
from caudal vein.

The results showed that the hematology vaiue of WBC, RBC, Hb, Ht, MCV, MCH
and MCHC in Flower Horn fish was 3.15 + 0.64 x10° celi / pl, 2.23 # 0.39x10° cell / i, 7.50
+ 1.00 g / dl, 22.30 + 2.24%, 110.20 * 26.69 fl, 37.88 £ 5.17 pg, 34.64 + 4.92 g/ d,
respectively. The biochemistry value of blood glucose, CK, ALT, AST, BUN, and
cholesterol in Flower Horn Fish was 56.34 & 6.63 mg/di, 752.52 £+ 28628 U /|, 4.58 + 1.84
U /1, 3071 £ 10.80, 1.22 + 0.27 mg / dI, 177.71 + 19.50 mg / dl, respectively. Hypoxia
affected the hematology and blood biochemistry of Flower Homn fish. The result showed
that RBC and cholesterol were significantly decreased. Glucose level was increased in the
initial stage, but significantly decreased in 72 hours. However, the value of WBC, Hb, Ht,
MCV and MCH was significantly increased. The overall results indicate that exposing

hypoxia for longer than 48 hours can cause serious damage in Flower Horn fish.
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1. Hematocrit (Het) A28 capillary tube i I udmnies microhematocrit centrifuge
#n713457 11,500-15,000 50U 11U 5 1T

2. White blood cell count (WBC), Red blood cell (RBC) count #3035 manual method

ar or ) < oA ' 2 . o o A 3 o o 8
IRV ANNITIIDINRIUABIANDURAY pipetie HULUARLIODA umm"l‘z_lunma
A " Y 3 < ° o

hemocytometer 1139 counting chamber Tﬂﬂiﬂfﬂaa@@amsﬂmmzuﬂﬁmmmm3J
33 Terry. (1995)

3. Hemoglobin concentration (Hb) ‘ﬁmﬁ{ﬂ3’3%’3@Tﬂmﬂ?i’)\ﬁmST&ﬁL“ﬁﬁﬁ!ﬁﬂlﬁ@ﬂ
89 luda ( Hycel HC510 ) u35v04 Bentley et al. (1993) uae Buttarello et al.

(1992) udathinasaein lfundiuiumm Mean Corpuscular Volume (MCV),



Mean Corpuscular Haemoglobin (MCH) @287 Mean Corpuscular Haemoglobin

Concentration (MCHC) m 35494 Terry. (1995)
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Corporation, Indianapolis., Germany) Tﬂsﬁﬁ?nﬁuvﬂ%’t’mwﬂawu Reflotron tests kits
(Roche Diagnostics Corporation, Indianapolis., Germany) UTu1a3 32 pl uﬁ’aﬂﬂﬁ%ﬂﬁmm?’m
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A1 BUN L@z ALT 20103049 BioSystems A15
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Duncan’s new multiple-range test
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WOV hypoxia tomlafindnmudmviarinesao sy

nnmsindr lafindnolulamlannesessude 1950 N, duszuznar o, 12,24, 48
oz 72 $2Tus ey iiRan1oy £N13VIABDNFIIU(hypoxia) WUIILAT Dissolved Oxygen (DO) 11
Sy 5. 53,1.94,1.36, 0.84 uny 0.78 mgl MNEIAY 1INMINAABINUIETOIRA hypoxia 15
52021907 0,12,24,48 uaz72 1109 Taeluda lued 72 TseAUANRABYDS White blood cell count

[:3 &5

] 4
(WBC) tingaiuunna 199 InnguaIunuoeitiod fyneada (p<0.05) Ity 3.02 uae 7.63

"
=

x10" cellul MIWEINY HAZIANITNADBINDIIAUREITDS Red blood cell count (RBC) iiotha
hypoxia  luszezinnn 0,12,24,48 uay 72 92 Tus wuA R doves RBC Tunszuaifonanns
uananAnguAIANoEiiiud Ry eada (P<0.05) Mfy 2.32,1.21,1.70, 174 waz 173 x 10°
cell/pl UdIRY miaziw”lsﬁmnwudqnqiuﬁcf‘iﬂ hypoxia T3¥EIan 24,48 uaz 72 %3109 Wy
Aundouns RBC ‘Euﬂsmmﬁamﬁwﬁuuﬂmimnﬂntjnﬁaﬁﬂ hypoxia (12 %2T14) D01y dIAYy
NNADA (P<0.05) WiIHL 1.12, 170, 1.74 uag 1.73 x 10° cell/pl MuAIAY AunAvrolSm
Hemoglobin concentration (Hb) iﬁmﬁﬂ hypoxia L?Juizasnm 0,12,24 48 ung 72 %J?TMQ WU
AunRevealSim Hb Tunszumdoadian luef 12, 24 uaz 48 fumﬂﬁmaqmmﬁ:aﬁqqfnﬂdw
AGUAILAY zﬁmﬂ?amﬁunﬁundnmm}u uavuhamdevonl3im He dieifia hypoxia i
szozm 72 991w Sauadeven/Sina mb "1um:um§amﬁu§mmﬂﬁhqmnﬂfgnmuﬂwadwﬁ
UITAYNINADR (P<0.05) 117U 7.33 LAz 9.63 gdl audIfy uasaunAove91l5116 Hematocrit
1) ileifia hypoxia  1flusyuziaan 0,12,24,48 wae 72 $2 TuewuheunaeveslSue Hr
nszumﬁaﬂqsﬁusmnm'wmnntjmmﬂuﬂéwﬁﬁ’ﬂﬁﬁmmmﬁﬁ (P<0.05) 1WA 24.37, 27.87,
28.63, 3037 uaz 29.13 WoSIFUA MUMAY UAZAUAAIYBY Mean cell volume (MCV) dioifia
::_ hypoxia 1ifuszeziin 0,12,24,48 uag 72 1 Tluamy e unsoueg MCV ‘luﬂszumﬁaﬂqaﬁu
Lmﬂco-iNmnﬂa’mquanaéweﬁﬁaﬁwﬁmmmﬁa (P<0.05) (WAiD 107.01, 232.64, 168.58, 174.57 tiaz
16979 fl (Y uned1e lsfinmuimmiores Moy e 1dsy N, Huszezint 24,48 uaz 72

L=

“ 4T feunfeves Mev lunsz umaaﬂﬁﬂammﬂm&mﬂﬂaummwmﬂ hypoxia (12 21354 )

o A o

a1 lfud it (P<0.05) sy 232.64, 168.58, 174.57 uag 169.79 f1 ud 1Ay ludnves

i1 Mean cell hemoglobin (MCH) (fioifin hypoxia (uszu21381 0,12,24.48 waw 72 $2Tuq Ny
Aunfeves  MCH °1un3$umﬁaﬂq&ﬂ";’mmminmﬂﬂinjumuQnaéwﬁﬁaﬁﬁmmaﬁﬁﬁ (P<0.05)
AU 32.16, 70.66, 47.41, 49.20 1AL 55.95 pg AMWAEY dausunAevns MCH eifa hypoxia
Wuszazinat 24,48 uaz 72 $2Twe § inundoves McH ‘Iunmzmaaﬂaﬂmamﬂmqmﬂﬂaumﬂﬂ

o

_'hypom( 12 mim) 20193 “’ajf?mq;mmaﬂ (P<0.05) 1M1nL 70.66, 47.41, 49.20 U 55.95 pg
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o W ¥ [ : 5 ¥ = . o
ATUATIAY LB WD IAURANYS S Mean cell hemoglobin concentration (MCHC) iona hypoxia 11l

TN 0,12,24,48 unz 72 2 Ius Tunuanuand 1 9neada (P>0.05) (13190 3.3)
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. 1 L =] =y < g
HBYDS hypoxia AemI¥ unlvaslafinludawlaessesu

P} ' =i = = 4 o 4 & " <1
msAanEIMN T uAliveslafinludaaineiseiuiionn hypoxia uszezina

ar
=] = = o o

0,12,24,48 482 72 $2 19 WUTI52RUYDY Glucose lunszumfoageiiueiadiivd WNNADR
(P<0.05) TudaTansfl 12 uaz 24 sﬁmﬂ?umﬁﬂuﬁ’umﬁumuau AWM AY 59.49, 72.60 19276.38
mg/dl AL uany e Tued 72 5284 Glucose Tunszumieanduanasadiiiodiigyni
ahid (P<0.05) 11111 72.60, 76.38, 64.01 1ay 44.66 mg/d] muﬁwﬁ’mﬁmﬁ%‘umﬁﬂuﬁ'unq'mﬁﬂ
hypoxia (Huszoziant 12, 24 wae 48 49109 LAZINNITATIIA Creatine kinase (CK) wu1lu
2Tl 24, 48 une72 sER VYRS CK EluﬂszsLmﬁaﬂqafu'é}tinﬁﬂ’ﬂfhﬁ'tgmmﬁﬁ (P<0.05) tri

682.02, 2071.92, 1990.54 uaz 2014.59 U awdwuienlSouiisudunquatuan uagnudin

¥
=5 v ¥

Alanine aminotransferase (ALT) Tus1119% 12,24 une 48 T huvesaunfomivgaiunding

AIWAL (p>0.05)  uanudlueh 72 seduves ALT ‘luﬂszumﬁ'aﬂﬁmmﬁ'ﬂﬁqafmdwﬁ
HomAYMandA (P<0.05) i 3.72 uaz 8.22 UA ﬂwﬁ1éi’mfimﬂ‘§auLﬁﬂuﬁuﬂéumuan Tu
duvoanney Jaf Aspartate aminotransferase (AST) Lfi‘élﬁmﬂﬁ@l hypoxia Lflu:izﬂmm 12
%’ﬂmfmmiﬁmmﬁm%’;vﬁqqﬁumﬂﬂdmfjumuau uA inuANuLAR A UMIAER (P>0.05)
uaoalsBarunu e Ty 24, 48 UOZT2 TEAUVBY AST 1uﬂizumﬁaﬂqa§uaéwﬁﬁaﬁwﬁ'ﬂg
i (P<0.05) (111 27.34, 49.22, 63.85 ag 53.23 U/l muﬁﬁmiﬂ;mﬂ%‘auaﬁnvﬁumjumuau
uaziilens29M Blood urea nitrogen (BUN) Wu3 i a1fin hypoxia 21147 72 seduu0s BUN Tt
n‘szumﬁaﬂi’lfhma;U‘Tﬁ‘qeﬁuadnﬁﬂ’aﬁwﬁiymmﬁﬁ (P<0.05) AW 111 uaz 2.67 me/dl iile
_' wsufisuiunguatnny Tudauuesl Cholesterol lunssuaioanyuiaife hypoxia /1
3303191 12, 24, 48 waz 72 T2 lusiinaldss8uune  Cholesterol Tunszuaifonanasatied
o iynieadia (P<0.05) M1L176.68, 15193, 147.80, 152.08 LNz 141.98 mg/dl MUTIAY

ffeuileuduaguatuaueiad 3.4)
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UN 4

unergy)

' a oo ¢ d
Naﬂ-II'G-'I‘}‘WI?T]{I'ISU@31}@17"3]3!3@53@‘51—!

vInAsAnyInavesa lafindnelszneudan WBC, RBC, Hb, Ht, MCV, MCH uay
MCHC vasmannessesunyilulamainesaodaudisn iy 3.15 £0.64 x10%cel] Ml
2.23+ 039x10% cell/ul , 7.50 £ 1.00 g/dl, 22.30 £ 2.24 % , 110.20 % 26.69 1] ,37.88+ 5.17pg tlaz
34.64 +4.92 g/dl MWAWU HIUREITUNITNABOIYDY BILA FuI5nsal, Anus Sunssuns, Suna
NOIFU, HUNTM B}?’wf'?ﬂ, "E'sﬁ'ﬂﬁ(mmsﬁu, ausai Weuhe waz dansn lerazgn (2003) s
dﬂaﬁm?mnumqﬁauﬁaﬁaﬁﬁwm&x;RBcam:fﬁzﬁwﬁuaz4:uosoxzdcaygh4ﬂ0i09xuf
cell/u] KA 24.40 + 5.60 % AINAIAD UAZINTWNUUDI TUNTM FUED LAY UUNATE 1997IPS
(2006) lAT109ua TatinTnon ludamuemainia WBC, RBC, Hbiaz Ht Sa sy 79.73
i743xufcdvpg349i011xufcdup1,:5nguaz355&t8ﬂ695wn@1ﬁua1nﬂﬁﬁﬂynma
darf un¥ad uasgeniud NRIMIDY (2003) "lé’msswqmﬂaﬁﬂaﬁwmﬁm’lufjm{u?}auﬂﬁﬂ
maﬁwﬁdﬁmam ¥ila Ao Yains S ( Puntius schwanenfeld; ) arades (Labiobarbus spiropleura )
danseds (Punsius proctozysron) Yatmusduviey (Pristolepis fasciams ) Unazifow (Puntus
gonionotus ) ﬂmﬂszﬁ' (Trichogaster trichopterus) Wnzila1vou (Channa striata) lagwuniad
RBC, Ht g Hb 1114 0.85 — 4.84 x10%ell /ul, 11.4 - 51.7% 1482 3.7 - 17.3 g/dl MUBIAY uazan
TWNUYDY Feldman,Zinkl and Jain (2000) L?’imﬁ'ﬂﬁ}Taﬁm?wswaaﬂmwnﬁvﬁawmm WBC,
RBC, Hb, Ht, MCV, MCH Hag MCHC 19 10.10-282.00 x10°cell /ul, 0.77-4.96 x10° cell/ul, 1.5-15
g/dl, 17-52 %, B1-553fl, 14.40-106 pg Un¥ 5.60-38.00 g/dl MIUEIAY 48LIINT NV Guijarro,
Patino, Piillos, Isoma, Pedro, Gomen, Bedate and Delgado (2003) 71 1dwuilualar Tench (Tinca
tinca) A1 WBC 811529 3.08-19.27 x10° /ul vzt 1§ e Tafiadnenludairainesee fu
Miirenndostusonudinandiedu c??ammumm’wwaa?iﬂaﬁﬂ%m%uag:ﬁu i min

10z species YOIUD (973 wna g, 2532)

wamy unilveslatinvosmainessedy

NNMsANYINAYEIMTamTives latialsznaudae Glucose, CK, ALT, AST, BUNu®ag
Cholesterol umﬂmﬂmana{aa{uﬁﬁﬂuagae‘luﬂﬂﬁ;ﬁuwu’iﬂu'}Ja”mlmma'{aa{uﬁﬁiwmssﬁu
Glucose lunsiteifomminy 56.3446.63 mg/dl céﬁmeﬂﬂé’aqﬁumsmﬁawm Hrubec et al. (2000)

Wwunlulan Titapia (Oreochromis Hybrid) S5eduvn4 Glucoselunszimdonaglugia 30-69
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mg/dl samﬁi&mﬂmsmaﬂwm BLUA FUITINTAL UAZAME (2003): TUN3H1 FuSe uas aunSy
Aayas (2007) Anu Glucoselunszudidontas Yaudons, Family Cyprinidar uazlat Jetalurus
melas W% Ietalurus punctatus  152AVYBY Glucose TUnssuafoniify 41.40£18.25 mg/l,
53.31434.44 mg/dl, 32.50 +0.70 §3 47.80 £2.20 mg/dl MUAISY Glucose sf]uuﬂdawﬁwmﬁﬁaﬁm
Tus19nw 1ay Glucose Tuidonazaglugl monosaccharide 1Ay Glucose Tunszuaidense S
ammmaﬂﬂu1”1111°mfmmaqwaaam*ﬂaumnauawuu oidoRas1ene wazvzgmit luifvazeaylug
"lﬂa'Iﬂmu1mc1mamnmawmmﬂmwmuummﬂummmaams msmmuﬂsmmmma’lu
swmauummmmﬁﬂﬁwmumsmmuﬂuswmwaumau Fudlugos Tuuidmifansesy
yimaludonady fu glucagon #3372/ 1918 Glucose Tuideasuitluniwenisaning STUAAVD
fnnaluiieme oy Glucose &4 (Huazilumsteuonts secondary stress response Felunne
acute A chronic stress BNAU (Morales et al. (2005)) 1IAMTHAYIAT CK lunszumbonvesilav
a1305 905U NuNTAUREY T 752.52 £286.28 U/l CK ‘lf‘tJWiJLlulhl'IﬂﬂSmﬁ?U wazlulaln
ﬂmaﬁmms‘fm%ﬁi‘mﬁl’us'wmu e lwifinulundunderals ndwideatonas aung %3
smthilunsisl§isedsannis
cK

TN ; Creatine kinase +ATP  ——* Cretine Phosphate + ADP

Sufuseduvoedn ck ﬁsﬁumﬂ?}yﬁam%H’afluﬁwﬁﬁuaﬂﬁqmmﬁﬂﬂnﬁmm ndwiite
wiale péifomounzaues 1o nensAnyavesnssduveuduled ALT uaz AST T
PTSUAIADANA WAL 4.58 £ 1.84 U/l 1Az 30.71410.80 UA  sudidy Hiaonndeafunnang
YB3 FIU FusInsal nazamue (2003) issauilaudensilsn ALT was AST lunszumien
IAY 10.28+ 6.53 U/ 48236.20+ 10.78 UM audisy (arIINNIINATDIVEL Rakovae, Perovic,
Hacmanjek,Popovic, Lipej,and Sostaric (2005) wuilan Dicentrarchus labrax US¥AU ALT Uay
AST lunszuaBoaidutiosndt 5 U uas 45.00 Ul mwdidy udodielsiaty unsm Fuie
tas TuMI RUBYRS (2007) WUTIIENY ALT uaz AST lunszuadeavestamuomalismingy
65.22+ 28.14 UM Uag 221.44452.19 U/l snudsiy

ALT yi%0 Glutamate-pyruvate transaminasc (GPT) it mu"lcﬁﬁ'ﬁwﬂuﬁu ﬁ?ﬁﬁ1ﬁﬂﬁ 3&%14
Ugisomséony o -amino w03 atanine "I - Ketoglutarate 818l Pyruvate uaz Glutamate
AN ALT

ouMs . Alanine + Q- Ketoglutarate &~ Pyruvate+ Glutamate
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e o as
AST %30 glutamate-oxaloacetate transaminase (GOT) i wou lafny ludy #walsuas
1Y - [ 1 5 ma 1 . 3 3
naunile vimihiinsedudfATumsthony a —amino 910 glutamate TUW oxaloacetate 1At
aspatate 1i0¥ O- Ketoglutarate A9aUNI7

aume:  Glutamate + Oxaloacetate AST Aspatate + Ol- Ketoglutarate

3
r-d

seAvveveulml AST ‘lmﬁaﬂ%qwu"lé':’mﬂﬂ'stﬁﬁﬁvfmga“lu's'wmugnﬁmw"[ai’jwzsi‘lun{mﬁ"a
#rlwagdu TesnAnisdasedudulan! AsT luideas 19 uns sz ifumsiamuoesy Ta
maihfinsenswdurantsasaefaseduduled ALT hudemiflognunGanimuseiy
NNMIANYIMUITEAUY09 BUN Tunszumbeaiidy 1.220.27 me/dl Heeronndoatunis
NAABIVEY WunSn1 Fude uay vunmsh 298n1ns (2006) Aivuhludamuyonaiszduves
BUNoond12mgl  BUN fhuveudefifavinmswnana Talsiy gadushelagla BUN lu
wanaan fhudF samsimthiiveslasausy creatinine %9 BUN [fluasaaduitozi/don ifh
creatinine 1uﬂ€1’1us§auﬁzgnns@aﬁ% 91 BUN fimfevsgniusenainsiesmonisilaany
BUN fgafuntavied i Tavhamn i M3 1&5uTsBunmfiull msldsuenasiafidusonms
Ta Aol Henseniud1diEn viensnsevedlnlddumaininnh s0% mfidnadin
A M3Raduo s Lif uazninmsAnymavesmiTuniives Tafiavesnanoisaiy
WUIIS2AVVDS Cholesterol lunszuiaifionlinvinfs 177.71£19.50 me/dl Fee0andoetunisnansd
993 Rakovac et al. (2005) Wunlunssumdonvestlar Dicentrarchus labrax 115281 Cholesterol 1
Aszumdsaniify 141.92 me/l $n¥a Hrubec et al. (2000) wulua Tilapia (Oreochromis

Hybrid) #5281 Cholesterol 1 n3=na@oay Ay 110.00-318.00 mg/l Cholesterol tHiu'lysiuniiod

qr

v o I o o g 4 r u’:
tusreme imihiduesddszaouvesofumadniolusumsuasifuasdedulumsatas

o ° . [~ o 2 o ¢ oA
885 LU 1IN steroid hormone 1148F1)52noUYITE  cholesterol gndunaserivuidan Tums

o ' o = = a o1
MIUANINMINWUII2AY cholesterol Tudongaiiu las@amsavanluvasadon FliEaa

Wosgelumaifimdudontaleduduld
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% T 1 o oo J o
Hawes hypoxia flenlafinInenlutmlanessodu
1 o a =1 < 1 a
VINMINATDINY I MBINNMTIAR hypoxia 1T1UITE2IAT 0,12,24 48 Lay 72 92 Tua danarh
¥o e A £ dd < ] =t
dnuvesrimasves wae lunszumoageiuiivalued 72 FID LA UNAUIINNISAAAY
w : = W & ) Il o a - et
wa3zAy 0, lmhudluladonilavssmaifannunion Tuanmzdnfidevaninnunivalains
o @ o o = [} 4 ar = =3 o = ]
nemsUsudutiussoznile atm‘lsﬁmmﬁa”lé’fsnmmmsamﬂmamumm’tﬁ'mﬂmm"lnﬂuaa
" i ] @ n’j = [l o 4 ' év
vesges luulusmevosdah Wiz uugiduTsauazdawmaliinsfame 1dhotuuas
=1 1w LY I ar o] a
nnHamsnaressztiy IdNdnyarmouenvesinlaesinssmay vnuauiuusadithns
o g/ = = A d oa d%, 4 o a 5 ar
AIUUTHMYITHT NULARDAYIIN UM USRI YA WY Tsauazvoudeiatu ludiila
o I o [~ =3 d¥ ' T =
ildBinaeudaifensagaiuannguaiuny uazsnnsmaasswy MR mioves RBC Ty
4 =) ar ¥ Cé o o i
nisumfenanauiionSoufeufunguaiuny Fedaudaiunananesued Soldatov. (1995) 7
NUIuIiBansTAYYEY O, araundn 2.6-2.7 mg/ winfuszoz nan 24 91w deraldAnde
gy | o t [ ict o o
voe RBClunszumongsiu udeirelsimumuiinguiiiife hypoxia dluszozina 24, 48 Uy
B F= o~ =] A 5 & =4 = ar v e % 3y
72 #3103 finundsves RBC TunszuadenmuimidonSvuiRoudunguiifiea hypoxia @y
o & @ P '
seoznan 12 ¥11u9 F9aenndosfUnNISNAassuns Hall ef al, (1926} ting Hall. (1928) AWUNA3
- a . e - 1
iin hypoxia  Tuvai Brevoortie  rannus  Travil¥duniouns  RBC lunszuaifeaiuiy
¥ ' 3 1
uenInUnINMsnaassdinyBnNlsumdevelSinn Hb uaz Ht gevuiionSououdungy
& g
AIUAY mﬁaﬂﬂé’mﬂumsmaawm Soivio et al. (1974a); Hall et al. (1926); Hall. (1928); Kirk.
(1974); Swift and Lloyd. (1974183 Wells et al. (1989) anunlumsing hypoxia Tulan Salmo
¥ Id
gairdneri WAz Ietalurus punctatus SnoirTieunfgvenlSine b uae He ge¥u wazenns
NAABIVDI Mattesson ez al. (2001) s1wunmMsilfsuntasa Bt veslawnmannanunien

(stressor) 9Invawiledy fledsinuiiesfenmsonam1s Blaxhall (1972) MssuLazmMITUGS

=

Hattingh and Van Pletzen, (1974) n5AAM0UUATISS Barham cf al. {1980) mm}ﬁauuﬂmqmwgn
BU19NUNEY Munkittrick and Leatherland. (1983) Wasms&nioinaisims Benfey and Biron.
(2000); Mattsson et al. (2001) Tudamwosd MCV uas MCH wudwdenindia hypoxia 15y
320319 0,12,24,48 uaz 72 1 1us Twav i ueaoves Moy ey MCH qﬁ'?uzf}mﬂ?amﬁﬂnﬁ'n
AgunIwg A hifinadesunioves MCHC 3aldaoandostunisnaas uas Wells e al (1989)
F4910MITIUYDS. Soivio of al, (1974b) laviimsnenesl¥ainneondion (hypoxia) wiri
waddindeaundidnyazuay HumgIdmnTue Lﬁuqaa‘fu sazlalnairldan Mcv uaz
MCH Lﬁuqaﬁu ﬁgﬂua‘ﬁuﬁy’amﬁm@wmﬁmmmﬂs'wmammﬂmﬁmsﬂ%’uﬁmﬁmﬁu

Yseansamlunmsuudeoondiou wemsegsenluan1nziifia hypoxia
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. (L | = = 3 3
Haue hypoxia Aem¥undvedlatiniulmvlainessosu
. [ [ & o o
1INMIANYIHAUDY hypoxia ADTLAUVES Glucose Tunszusidonlulaarinessesy 1nms
] ar =l é’ o :i d‘! =] F=} o+ 3
NAABINYIZAY Glucose TunszumongaiuysTusd 12 uas 24 WienfSvufvuiunguaiugu
o E :Iy =1 = 4 a 4? A o . P o
nuauiionlauamninazanunisafiiatuludauieda hypoxia Fufnsnmsnaves
o ) =t 1 a Qs 3 - A o o
gof luuneidwon Unadonisinsedy Glucose hgnszumAnaoaaiuundinulunisan
- a \ = 8 o' o 9 =
MIIATUA( Morales et al. (2005)) uazinanommueaduvoms Iy lawmsnuazsznszduliifa
: P4 a =4 ¥ o oo x:‘lv @
N3EUIUMS Gluconeogenesis NoziaouTdsdulhillung Inafidy usniniininmsnanssdany
= 1 n'/ c; s A o L] =5 oo o o Qaa d’l = ~ o
o Tuedl 72 52AY Glucose lunssumBsanduanaseduifodfiameads WenlSoufoudu
1 i o % = o <] 3 [
NQUMAA hypoxia uszeg2a7 12, 24 uag 48 $2Tus Suilu 118 hn1sanave952/Y Glucose
lunszumBonvesarifia hypoxia Wuszeziaal 72 ¥21ue Ha91nn13 19 Glucose 15l
Qs L3 é ::"l =4 =Y dy (| =3 =1 [8 o o
waanulusnme Fudslims Idgunniiu las lullmsiusmsnaunufszde %5260 Glucose Tu
[ o w o
nszumdeavesmanasld uaes lstmulumeanduiuninmsnaassues San uazaae ( 2007)
1 [ ¥ 5
NEUWYT 53ABUDY Glucose THUMANTIRA hypoxia Tuua Iduit hiuandwninnguaiugy i
q < ] o = - '
anilesnnithuwsizhdagaiiedvizimuh 9ot
oA & : . ~ - -
Creatine kinase (CK) Y5 00nHonilafe creatine phosphokinase (CPK) wnululuTnnowmse
=2 .dg A T & < ek 8 g ar g a"
uaztuly Tadaaduveifodiodisa e dhuoulsifinylunddienls ndutioas
= Yo or =1 as 3 dy o ot
uazdues WisdmiumsasemsuiaRuveniale ndwiilsatsuaz aupunsizien el cx 5
; ‘
o Vo t ar o
nnlueieizmaril 1aznMsANY WA hypoxia aoszduvouou lol CK Tunszumbenly
¢ o 1 o o A e 4
dmmanessasunnmnaassnyszay ey laf ok lunszidondi 24, 48 waz72 (AL
1 ¥ L] ar -3 ar L= A o = g/
UARANTINNGUAILAUBI LT AMEDR FIaeandsny 318914350994 Lehmann et al.
(2003)
= . 3 ot L4 2 o
VINAIANYINAVDS hypoxia avszAavvaey lanl ALT Tunssumdsaludlamaiines
o ' o o A & P ot 9
595U NINMITNAaRINUMsEALEW Il ALT Tunszifeataluen 12,24 uay 48 Suul Tvuves
i \ i g ] ) t 1 3 as aa 1 =4 Vo i o
AunfogaIun NGy control ua linunnuand R unataaca lsimumuig Tuad 72 szau
2 = c:l'. :: cg t = o o o =y d'{ = Gt L A
Y84 ALT Tuﬂizumaaﬂummawqwu'atm33uE:mﬂiymaﬁmmmﬂ?ﬂmmnﬂum}u control &3
) n:f 1 o o - - = =3 cz; %3 ar =y d%‘
21917 ldaugaiae vislianudalafifordfuduvenlaufaiiu
Aspartate aminotransferase (AST) W3e glutamate-oxaloacetate transaminase (GOT) Lﬁu
el Qs ar ¥ or o T é"
o lpinTudy Tramble et al. (2006) Walauagnduile sefuvououlesl AST Tufenfigeiy
af A g cﬂf ' a 1 o A A o ™ ' o o
Tdnnnsainfiiladelusemogarawliheedludomer louazdy udlunmendusunisas
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