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ABSTRACT-Response  to stress during the spawning  period of sockeye  salmon  (Oncothynchus nerka)

was  investigated by measuring  cortisol, selected  steroids  and  glucose levels in the plasma of cultured  fish
under  acute  confinement  conditions.  Fish were  individually placed in nets  and  sacrificed  to obtain  blood
samples  after each  confinement  period: O, 3, 5,15 and  30 min,  respectively.  In males,  acute  stress  increased
co  rtisol levels in the plasma aM  5 min  and  testosterone, 1 1 -ketotestosterone and  glucose levels in the plasma
within  3 min.  1n females, the co  rtisol level was  higher than that in males  and  did not signiticantly change  at 15

and  30 min.  Testosterone levels in females decreased at 15  min  in confinement.  Progesterone, 17-
hydroxyprogesterone and  17,20 B-dihydroxy-4-pregnen-3-one levels did not change  with  confinement  time
in females, To know  the reproductive  stage  of the fish used  in the stress  experiment  we  collected  blood and
measured  sex  steroid hormones in different fish from the same  pond one  week  and  one  day before the
experiment,  ln these fish, the sex  steroids  in males  and  females changed  with  the pattern of breeding.
Cortisol levels were  higher in females than jn males  for one  week,  This study  demonstrates that the cortisol
lovel in temales is higherthan in males  during their spawning  period, and  that females might be less sensitive
to changes  jn the level of cortisol caused  by  acute  stress  than are  the males.
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INTRODUCTION

   Collection of blood samples  from  wild  salmon  is neces-

sary  to study  their physio}ogical conditions  by measuring  hor-
mones  and  other  chemicals  in the blood. However, capture,
handling, and  bleeding of tish cause  stress, and  the stress
induceschangesinthecirculatinghormonelevels(Greenberg
and  Wingtield, 1 987; Carragher and  Sumpter, 1 990). In teleo-
sts, cortisol is a  major  stress  hormone  and  its plasma level
incfeases are positively correlated with  stress levels {Billard
and  Gillet, 1 981 ; Pickering et aL , 1 982; Sumpter et aL, 1 986).
Many  studies  of  adult  salmon  also  reported  a  correlation

between plasma co  rtisol concentration  and  stress  {Billard and

Gillet, 1981; Pickering etat., 1982, Barry etaL,  1995; Pickering
and  Pottinger, 1987a,b; Carragher et al., 1989; Carragher
and  Sumpter, t990; Foo and  Lam, 1993; Chopin etal., 1996;
Jardine etal., 1996; Waring, et al., 1997, Carruth etal., 2000).
Acute handling and  confinement  (stressors> of juvenile and

immature  Atlantic salmen  for 3 hours is accompanied  by an
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increase  concentration  of plasma cortisol  (Carey and

McCormick,  1998). During physiologieal changes  such  as a

smoltification  and  sexual  maturation,  cortisol levels increase

but androgen  levels in plasma inve rsely decrea$e due to $tress

{Barry etal., 1995; Pickering et  aL, 1987), ln mature  salmon,

stress  caused  by the administration  of exogenous  cortisol in-
duced suppression  of reproductive  and  gamete development

(Carragher et al., 1989; Carragher and  Sumpter, 1990; Foo
and  Lam,  1993). In mammals,  the effect of stress on reduc-

tion of gonadal maturation and  reproductive activity is induced

by a decline in plasma concentrations ot reproductive  hor-

mones.  Starvation is one  ot the inducers of st ress  and  strongly

inducesthegonadaldegradation.However,migratingsalmon
maintain  their reproductive  actMty  even  when  they are  ex-

posed to the physiological stressors  of osmotic  regulation  and

starvation  during the spawning  period (Robertson et aL, 1 961 ;

Fagerlund, 1967). Reproductive hormones for controNjng  re-

production in migrating  salmon  were  produced and  stimulated

the reproductive  phenomena  of spawning  during starvation

(So et  aL, t985; Dye et aL, 1 987; Truscott etaL,  1986; lkuta,
1 996). The physiological mechanj$ms  responsible for the dif-
ferences in the reproductive  response  to stress  between mam-
mal  and  migrating  salmon  have not been determined yet.
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   In the present study,  sockeye  salmon  were  investigated
to study  the effects  of acute  stress  on  circulating  levels of
cortisol, sex  steroids  and  glucose, which  increase in relation

to stress during the spawning  period.

MATERIALS  AND  METHODS

Fish

  Twenty-five mature  male  and  25 mature  fema[e sockeye  salmon

(Oncorttynchus nerka), reared  in one  of the ponds of the Nikko Branch
of the National Research lnstitute of Aquaculture, Chugushi, Nikko

City, were  used  for a  stress  experiment  on  9 September 1993. The

females were  bearing ovulated  eggs  in the body cavity,  and  males

contained  milt, which  could  be stripped,  Their body weights  (mean ±
S.E.M.}were725.0±106.4gand613.6 ±81.3ginmalesandtemales,
respectively.  All fish were  bled without  anesthesia  immediately atter

the coniinement  time. These fish had ovulated  or  spermiated  but had
not  $pawned.  In addition,  10 female and  10 male  cultured  sockeye

salmon  were  similarly sacrificed  to monitor  levels ot cortisol, sex  ste-

roids  and  glucose in plasma on  2 and  8 September 1993 betore the
stress  experiment.  Their body weights  (mean±S.E.M.} were  775.2±
96.9 and  761,5 ±49.6 in males  and  females, respectively,

Stressexperiment

  Astressexperimentwaspertormedonculturedsockeyesalmon

on  9 September 1993,  The experimental  design is detailed in a  previ-
ous  paper (Kubokawa et aL, 1999). Briefly it is described below. A
smallpool,2,OmxO.5m,wasbuiltnearthepond.Thissizewaslarge
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Fig. 1, Mean  of body weights  of sockeye  salmon  that were  used  in

stress experiments  at each  confinement  time. Males (open column)
and  females  (shaded column)  were  used  in groups of  five. 'Signifi-

cantly different at P<.O.Ol when  compared  between initial time and  3

min  of confinement  in male$.
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Fig. 2. Changes  in plasma cortisol (a), testosterone (b), 11-ketotestosterone (11-KT) (c) and  glucose (d) levels in male  sockeye  salmon

exposed  to the acute  stress  during 3, 5, 15 and  30 min.  
'Significantly

 different at P<.O.Ol when  compared  with the hormone concentration  at the
initial time, Five fish were  used  for each  confinement  time.
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enough  to contain  ten confinement  nets  used  to hold the experimen-

tal fish. Pond water  was  circulated continuously  through the pool.
Bleeding of fish was  pertormed at  the edge  ot  the pond. Soon  after

capture  from the culture pond, each  fish was  confined  in a smali bag
made  of tishing net  and  put into the small  pool. Blood was  collected

through the net within O.5 min  atter the bag was  removed  trom the

pool, Five males  and  iive females out oi 50 fish were  bled and  then
$acrificed to check  for gonadal maturation  after each  confinement

time, O, 3, 5 15 and  30 min. One  ml of blood was  colleoted trom the
caudal  vein of each  fish with a 1 ml sterilized syringe. Blood samples

were  immediately centrifuged  and  the resulting  plasmas were  stored

at-80eCuntilradioimmunoassayofhormonesandglucosemeasure-

mentcouldbemade.Unhandledfish,controlsiorthestressexperiment,

were  corresponded  to fish that was  sacrificed at time ze ro without the
confinementstress.

Measurement  of cortisol, sex  steroids  and  glucose
   Cortisol and  steroid levels were  measured  at the  University of

Tokyo  by using  antibodies established  in previously published pa-
pers. For males,  concentrations  of cortisoi, testosterone  and  11-
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Fig, 3. Changes in plasma cortisol {a}, testosterone (b), 17,20 P-dihydroxy-4 pregnen-3-one (17,20 P-DHP) (c), 17-hydroxyprogesterone (17-
P) (d), progesterone (e) and  glucose {t) levels in female  sockeye  salmon  exposed  to the acute  stress  during 3, 5, 15 and  30 min,  

tSigniiicantly

different at P<.O.O1 when  compared  with  the horrnone concentration  at the initial time. Five fish were  used  for each  confinement  time,
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ketotestosterone  (1 1-KT) were  determined by radioimmunoassays.
Forfemales,concentrationsof¢ ortisol,estradiol-17P{E2),testosterone,

17-hydroxyprogesterone (17-P}, and  t7,20 B-dihydroxy-4-pregnen-
3-one (17, 20 P-DHP) were  determined by radioimmunoassays.  The
precedures of radioimmunoassays  followed those in Takahashi etat.

(1985) for cortisol, Lou et al, (1985) and  Shimizu et al, (1985) for
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testosterone, E2, progesterone, 17-P and  17,20  P-DHP, and  Lou et

ai, (1986) fer11-KT. Plasma E2 levels in females were  less than the
minimal  detectable value,  30 pgrml. lntraassay and  interassay coeffi-

cients oi sex  steroid hormones were  described previously {Zairin et

aL  1 992), For  both males  and  females, the glucose concentration  in

plasma was  determined by using  a commercial  kit, Glucose Cll-test
Wako (Wako Pure Chemical lnc, Ltd., Osaka), The linear range  oi

standard  glucose was  O,5 mglml  to 4 mglml.

Statistics

   The  analysis  of  variance  with  one-way  layout followed by
Duncan'smultiplerangetestswasemployedtocomparebodyweight,
hormone and  glucose levels between animal  groups in the confined-
stress  experiment,  and  for comparison  between unhandled  salmon

captured  on  different days.
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Fig. 4. Changes  in mean  plasma cortisol  (a); testosterone (b), 11-
ketotestoste rone  (1 1-Kl-) (c) and  glucose {d) levels in unhandled  male

sockeye  salmons  on  one  day and  one  week  before stress  experi-

ment.  Results on  9 September correspond  to values  of  time  zero  at

the experiment  
'Significantly

 different at P<.O.Ol when  compared  with

hormone levels on  2 September, The number  of fish used  was  1O, 1O
and  5 on  September2, 8 and  9, respectively,

o
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Fig.5. Changesinmeanplasmacortisol(a),testosterone{b),17,20

6-dihydroxy-4 pregnen-3-one <17,20 P-DHP} {c), 17-hydroxypro-

gesterone (17-P) (d), progesterone {e} and  glucose(f} levels in
unhandled  female sockeye  salmons  on  one  day and  one  week  be-
fore stress  experiment,  Resutts on  9 September correspond  to val-

ues  of  time zero  at  the experiment,  
'Significantly

 different at P`.O,Ol
whencomparedwithhormonelevelson2September.Thenumberof

fish was  1O, 1O and  5 on  2,8 and  9 September, respectively.
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RESULTS

Body weight

   The body weight  of males  at initial time was  significantly

iower than for other  groups of males  (P<.O,Ol , Fig,1). It is sus-

pected that the smal[er  size  fish were  easier to catch than the
largerfish using  the net method.  Asimilar tendency  was  shown

for females  although  it was  not  significant  (Fig.1}.

September and  decreased on  9 September (Fig, 5b), There

was  no  significant difference in increase of testosterone. The

mean  level of 17-P was  significantly increased on  8 Septem-
ber and  decreased on  9 September (P<.O.Ol)(Fig.5d). The
mean  Ievels of 17,20 B-DHP and  glucose did not change

throughout the three days (Fig.5c and  f). The mean  levels of

progesterone significantly decreased  on  8 and  9 September

(P<.O.Ol) (Fig,5e).

Cortisol, sex  steroids  and  glucose in stressed  fish

   Fish were  collected  from the culture  pond and  immedi-
ately measured  to determine the cortisol, sex  steroids  and

glucose levels in plasma foF each  confinement  time. The mean

initial cortisol level in males  (41 ,9±1O,6 nglml)  was  significantly

lower than that in females (tOl .5±1 8.3 ng/ml)  (Fig.2a and  3a)

(P<.O.Ol), The differences in cortisol levels between males

and  females appeared  throughout the range  of continement

times, Under the stress  of confinement,  cortjsol levels in-
creased  at 15 mjn  in males  (increment at 5 min  and  15 min

being significant  at PEO.Ol) (Fig.2a), while  the level slightly
decreased at 30 min.  tn -females, cortisol levels slightly jn-
creased  after 15 and  30  min.  (Fig,3a), The  testosterone lev-

els  in males  were  $ignificantly lower than those in females

th roughout  the confinement  time (Fig,2b and  3b) <P<.O,Ol). In
males,  the initial values  of testosterone and  11-KT were  26,4
±1 1.7 nglml  and  69,7±35.1 ng/ml,  respectively.  Teste$terone
and  11-KT levels significantly increased at 3 min  (P<.O.Ol)
and  gradually decreased with  time and  were  retained  at 30
min  after confjnement  (Fig.2b and  c}.

   In females, initial vatues ot sex steroids were  55.3±27,2
ng/ml  in testosterone, 37.9±7.8 ngfml  in 17,20 B-DHP, 4.5±

3,6 ng/ml  in 17-P, and  2.1±O.4 ng/ml  in progesterone <Fig.3b,
c, d and  e). The increase of testosterone levels at 3 min  in
males  was  not  observed  in females, but the ievel graduafly
decreased with  time as  it did in the males.  The  mean  levels of

17,20 P-DHP, t7-P, and  progesterone did not  show  a  signifi-

cant  increase nor  dec rease  with  time of the confinement  stress

(Fig, 3c, d and  e). E2 levels were  lower than the detection 1imit
of 30 pgfml (data not  shown).  The plasma glucose levels in-
creased  at 3 min  in males  (Fig,2d), and  gradually with  time in
females (Fig.3f).

Correlation Analysis

   To oQnfirm  the generality of a  relationship  between corti-
solandsexsteroidlevelsexhibitedintheconfinementexperi-

ment,  simple  correlation  coefficients  between hormone levels
of all fish used  in the experiment  were  calcuiated  and  the

significance of these correlations was  tested, ln males,  the

cortisol level was  signiticantly and  negatively  correlated  with

testosterone level, and  weekly  and  negatively with  1 1-KT level

(P<.O.Ol). Testosterone and  1 1-KT levels were  positively cor-

related  well (P<.O,Ol) (Table 1), However, in temales, no  sig-

nificant correlation  was  found between levels of cortisol and

any  of the sex  steroids  measured,  Positive and  week  correla-

tion was  obtained  between  levels of testosterone and  proges-
terone, testosterone and  17-P, and  progesterone and  17,20

P-DHP {Table 2).

Table 1. Correlation coetticiencies ot changes  among  cortisol, sex

       steroids,  glucose and  body weight  in male

T 11-KTGlucose BW

CortisolT11-KTG)ucose-O.65 -O.54

 O.84
 O,202O.07 O.O06O.35O.42O.45

T:testosterone,11-kCT'/11-Ketotestosterone
BW:  body weight

Tabee 2. Correlation coefficienciesof changes  among  cortisol, sex

       steroids,  glucose and  body weight  in female

T DHPP17-P  GIucoseBW

Corti$ol, $ex  steroids  and  glucose in unhandled  fish

   lnbioodsamp[esweretakenfromunconfinedfish,stress,
cortisol, steroids  and  glucose levels were  measured  one  week

before and  one  day before in the acute stress  experiment, in

order te confirm the reproductive  stage of these fish, The mean

cortisol levels in males  increased on  8 and  9 September (Fjg.
4a), ln females, no  significant difference in the mean  cortisol

level was  observed  over  th ree days. (Fig.5a}. The mean  cor-

tisol level in temales was  higher than in male$  even  on  8 Sep-
tember.

   In male$,  the mean  testo$terone level was  significantly

decreasedon8and9September(P<.O,Ol)(Fig.4b),Themean
11- KT  and  glucose levels were  almost  constant  over  three

day$ (Fig.4c and  d). In temales, testosterone increased on  8

CortisolTDHPP17-P･Glucose-O,26O,11o O,1 -O,06

O,58 O.41

O,42 O.38
      O,34

 O.3
 O.19n.os

 O.35n.o4

-O,18

 O.3
 O.05
 O,13
 O.35
 O,08

T: testosterone, DHP:17, 20 P-dihydroxy-4-pregnen-3-one,
P: progesterone, 17-P: 17-hydroxyprogesterone,  BW:  body  weight

DtSCUSSION

   [n the present study,  we  demonstrated the sex-specific
response  to acute  stress  in migrating  salmon  during the spawn-
ing period. The  plasma cortisol level in mature  female land-
locked sockeye  salmon  had already reached  the high level

when  challenged by confinement  stress, and  did not  increase
for 30  min  into the experiment.  However  mature  male  sock-

eye  salmon  responded  well  to the acute stres$ with  increas-
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ing cortisol concentrations.  In addition,  we  measured  plasma

cortisol concentrations in fish from the culture pond and  the
cortisol level in males  was  lower than in females before spawn-

ing. It was  considered  that the plasma cortisol concentration
in females increased faster than in males,  and  that the sensi-

tMty to stress  in females is lowerthan  in males  before spawn-

ing. The  high levels of cortisol in females  suggested  that the

mechanism  for synthesis  of cortisol might  cause  damage  on

a  part of the hypothalamus - pituitary - interrenal {HPI> axis
at the end  of a  spawning  period.

   Carruth et al. (2000) reported  that the pla$ma cortisol
concentration  in a  landlocked subspecies  of sockeye  salmon

increased in association  with  upstream  migration,  and  that
there were  no  statistically significant  differences between the

sexes  at any  stage of gonadal development. His result is dif-
ferent from our  result  with  respect  to the sex-specific  response

to st ress. Two  possible explanations  are  conside  red  in for the
differing results. First, the fish used  in his study  were  accli-

mated  tor one  week  after they were  caught  in the river. Sec-
ond,  the time period in which  blood samples  were  collected  in
his study  was  longer than that in ours, which  was  O.5 min.

These diffe rences  in experimental  design may  have influenced

the co  rtisol Ievel in either  males  or  females.
   In order  to measure  the cortisol concentration  without

stress, a  cannulation  system  and  a large culture  pond would
be needed  to collect blood samples  over  time. However, it is
very  difficult to keep tish that have been cannulated  in a  large

pond and  sample  their blood using  this system.  Accordingly,
the base  value  used  to measure  hormone  level changes  in
the acute  stress  experiment  corresponded  to the value  at time

zero,  because a  control  fish is only  stressed  by the collection
of blood at the beginning of the experiment,

   When  migrating  salmon  die atter spawning,  the cortisol

level in both sexes  had  increased to extraordinary  high levels.

Hewever, there is no  reports  that female conisol  levels are
higher than males  before spawning  except for those in our

previou$ paper  (Kubokawa, et  aL,  1999). Many  investigators

have studied  on  the elevation  of stress-induced  cortisol in male
and  female teleost under  various physiological and reproduc-

tive conditions  {Bonga, 1997). The  increase of plasma corti-

sol levels during a spawning  migration  is also considered  to
be cause  by some  sort  of stress, for example,  the stressors
such  as  long-distance migration  and  change  from sea  water

to fresh in ocean-run  salmonid,  However,  Carruth etaL  (2000)
reported  that landlocked sockeye  salmon,  which  migrate  in

short-distance  from lake to natal  spawning  river, showed  the

elevation  of  plasma cortisol levels during an  upstream  migra-

tion without  the stressors  described above,  lt is suggested
that the elevation  of cortisol in an  upstream  migration  might

be influenced greatly by an  endogenous  system, Our result,

that is the different endocrine  response  to stress  between fe-
males  and  males  of landlocked sockeye  salmon,  also  indi-
cates  the important role of an  endogenous  system.  Females
may  have  been  stressed  prior to the spawning  by  ovarian

maturation  and  ovary  maintenance,  Another  possible expla-
nation  may  be that females  are  more  severely  stressed by the

large volume  of ovaries  than that ot testis. In the future, a

study design to determine the effect of an  artificial increase of

gonadal volume  on  cortisol levels might  be a  productive ap-

proach.
   It was  reperted  that, when  immature all-female  salmon

produced by  tripioid treatment and  mature  all-female  salmon

produced by  diploid treatment were  challenged  with  2.5 hr of

confinement  stress, and  cortisol and  glucose levels in the im-

mature  salmon  increased approximately  twice as  much  as  in

the mature  salmon  (Sadler et aL  
,
 2000>. This result along  with

ours  suggests  that the bio-defense system  against $tress

becomes  insensitive in mature  female salmon,  and  that an
excess  amount  of stress  stops  the synthesis  or secretion of

additional  cortisol internally.

   Changes in plasma sex steroids from the beginning of
sexual  maturation  to spawning  were  reported  in upstream

migrating  sockeye  salmon  (Ikuta, 1996; Truscott etal, 1986).

Moreover, lkuta measured  annual  changes  of steroid hormone

levels in adult  sockeye  salmon  at Nikko Branch of the Na-

tional Research lnstitute of Aquaculture {unpubli$hed data).
In males,  the testosterone level increased during the migra-
tion and  the highest level was  approximately  50 nglml  when

they gathered  at the mouth  of the stream,  At the final stage  of

migration  and  before spawning,  11-KT elevated  to approxi-
mately  80 ngfm1  and  testosterone 1evel decreased at that time,
ln our  study,  the decrease of testosterone and  the high and
constant  level of 11-KT consistent  with  his data. In females,
maximum  levels of testosterone, 17-P and  progesterone
were  approximately  200  ng/mi,  25 ng/ml  and  4 nglml,  respec-

tively before spawning,  and  then these steroids  decreased in

the spawning,  ln the spawning,  17,20 B-DHP was  slightly

increased to approximately  20 ng/ml, ln our study, the $ignifi-
cant  increase of 17-P on  8 September may  show  the $pawn-
ing condition,  but no  spent  females were  found on  8 and  9

September. Mean  levels of the other  steroids  in females ap-

proximately consistent  with  his data, ln comparison,  males

used  in this study  might  be  spermiated  and  females ovulated,

but they were  not  spawned.

   The inhibitory effects ot stressors on  reproductive  perfor-
mance  have  been  established  for many  different teleost spe-

cies  (Bonga, 1 997). However,  the mechanism  by which  stress

inhibits reproduction  and  levels in the endocrine  cascade  at

which  stress  acts  are  less clear, ln sexually  mature  males  ot

brown  and  rainbow  trout, acute  confinement  stress  for 1 hr
elevated  plasma cortisol and  ACTH  levels and  reduced  plasma
testosterone  and  11-KT  levels (Pickering et aL, 1987;
Pankhurst and  Van Der Kraak, 2000). In sexually  mature  fe-

males  of brown and  rainbow  trout, plasma testosterone levebs

were  depressed by acute  stress  or treatment with  exogenous

cortisol (Pottinger et aL, 1 996; Pankhurst and  Van Der Kraak,
2000). These androgen  level findings are  the same  as  those
in other  species.  Furthermore, plasma levels of gonadotropin
(GTH or GTH-11) were  unaffected  by stress,  but the gonadot-
ropin  contents  in the pituitary were  decreased  (Pickering et

al,, 1 987; Carragher etaL,  1 989; Pankhurst and  Van Der Kraak,
2000). On the other  hand$, implantation of testosterone or
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11-KT  reduced  the elevation  of the stress-induced plasma
cortisol  levels in both mature  rainbow  and  brown  trout

(Pottinger, et al., 1996; Young et al., 1996), lt is suggested
that in mature  males  and  females of salmonid  the HPI axis

regulates  gonadal steroidogenesis,  and  gonadal steroids  might

regulate  st ress-induced  activity of the HP1 axis  (Bonga, 1 997;

Pottinger et al., 1996; Pankhurst and  Van  Der  Kraak, 2000),

However,  our  study  in temales  indicated that the cortisol does

not directly regulate  gonadal testosterone secretion,  Further
experiment  needs  to reveal  the direct efiects  of gonadal ste-
roids  on  interrenal and  indirect effects  on  interrenal function
via the hypothalamus-pituitary axjs,

   Under stress, catecholamines  act directly on  the liver to
stimulate  glycogenolysis and  result in mobilization  of glucose
(Axelrod and  Reisine, 1984). Furthermore, glucose level is a

correlate of corticosteroid  level under  an  acute  stress  (Tho-
mas  and  Neff, 1985; Vijayan et al., 1994; Rotllant and  Tort,
1 997; Vijayan et aL, 1 997>. 1n our  study,  in femaies, testoster-
one  and  glucose levels increased without  an  increase in cor-
tisol [evels. It is more  plausible that another  stress  hormone
such  as  adrenaline  is responsible  for the glycogenoly$is
(Wingfield et aL  1992}. About  a  manner  of testosterone, we

could  discuss on  the possibility ot the existence of interrenal
steroid, although there is no  published data on  it in teleost, ln
mammals,  over  45 steroid$  including androgens  have been
isolated and  chemically  characterized  from adrenal  gland
extracts, and  studied  on  the function (Norman and  Litwack,
1 997). Recently, Fearon et al, (1 99B) reported  that the differ-
ential control  of adrenal  androgens  and  cortisol in human.

Thus, the existence of interrenat androgen  may  be needed  to
consider  on  the relationship  between the function of HlP  axis

and  stress  in teleost,
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