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T hi s st u d y e x pl or e d c h a n g e s i n br ai n s er ot o ni n c o nt e nt a n d a cti vit y t o g et h er  wit h

h y p ot h al a mi c n e ur o p e pti d e  m R N A a b u n d a n c e ar o u n d f e e di n g ti m e i n r ai n b o w

tr o ut, a s  w ell a s t h e eff e ct  of  o n e - d a y f a sti n g.  Gr o u p s  of tr o ut f e d at t w o ( Z T 2) a n d

si x ( Z T 6) h o ur s aft er li g ht s  o n  w er e s a m pl e d fr o m  9 0  mi n ut e s b ef or e t o 2 4 0

mi n ut e s aft er f e e di n g,  w hil e a d diti o n a l gr o u p s  of  n o n -f e d tr o ut  w er e al s o

i n cl u d e d i n t h e st u d y.  C h a n g e s i n br ai n a mi n e a n d  m et a b olit e c o nt e nt s  w er e

m e a s u r e d i n  hi n d b r ai n,  di e n c e p h al o n a n d t el e n c e p h al o n,  w hil e i n t h e

di e n c e p h al o n t h e  m R N A a b u n d a n c e  of tr y pt o p h a n h y dr o x yl a s e ( t p h 1, t p h 2),

s er ot o ni n r e c e pt or s ( 5 htr 1 a, 5 htr 1 b a n d 5 htr 2 c ) a n d s e v er al  n e ur o p e pti d e s

(n p y , a gr p 1 , c art pt , p o m c a 1 , crf b ) i n v ol v e d i n t h e c o ntr ol  of f o o d i nt a k e  w er e

al s o a s s e s s e d. T h e r e s ult s s h o w e d c h a n g e s i n t h e h y p ot h al a mi c n e ur o p e pti d e s

t h at  w er e c o n si st e nt  wit h t h e e x p e ct e d r ol e f or e a c h i n t h e r e g ul ati o n  of f o o d

i nt a k e i n r ai n b o w tr o ut. S er ot o n er gi c a cti vit y i n cr e a s e d r a pi dl y at t h e ti m e  of f o o d

i nt a k e i n t h e di e n c e p h al o n a n d hi n d br ai n a n d r e m ai n e d hi g h f or  m u c h  of t h e

p o st pr a n di al p eri o d. T hi s i n cr e a s e i n s er ot o ni n a b u n d a n c e  w a s c o n c o mit a nt  wit h

el e v at e d l e v el s  of p o m c a 1 m R N A i n t h e di e n c e p h al o n, s u g g e sti n g t h at s er ot o ni n

mi g ht a ct  o n br ai n n e ur o p e pti d e s t o pr o m ot e a s ati et y pr o fi l e. F urt h er m or e,

s er ot o ni n s y nt h e si s a n d n e ur o n al a cti vit y a p p e ar t o i n cr e a s e alr e a d y b ef or e t h e

ti m e  of f e e di n g, s u g g e sti n g a d diti o n al f u n cti o n s f or t hi s a mi n e b ef or e a n d d uri n g

f o o d i nt a k e. E x pl or ati o n  of s er ot o ni n r e c e pt or s i n t h e di e n c e p h al o n r e v e al e d  o nl y

s m all c h a n g e s f or g e n e e x pr e s si o n  of 5 htr 1 b a n d 5 htr 2 c r e c e pt or s d uri n g t h e

p o st pr a n di al p h a s e. T h er ef or e, t h e r e s ult s s u g g e st t h at s er ot o ni n  m a y pl a y a

r el e v a nt r ol e i n t h e r e g ul ati o n  of f e e di n g b e h a vi or i n r ai n b o w tr o ut d uri n g

p eri pr a n di al ti m e,  b ut a  b ett er  u n d er s t a n di n g  of it s i nt er a cti o n  wit h  br ai n

c e nt er s i n v ol v e d i n r e c ei vi n g a n d pr o c e s si n g f o o d -r el at e d si g n al s i s still n e e d e d.
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1 I ntr o d u cti o n

F e e di n g b e h a vi or i n v ol v es t h e c o or di n ati o n of  m ulti pl e c o m pl e x

n e u r al cir c uit s t h at all o w t h e a ni m al t o o bt ai n f o o d at t h e

a p pr o pri at e ti m es a n d r e g ul at e t h e a m o u nt it e ats. I n v ert e br at es,

s e ns or y i nf or m ati o n r el at e d t o f e e di n g st at us,  w h et h er fr o m

olf a ct or y a n d/ or g ust at or y r e c e pt ors, g astr oi nt esti n al di g esti v e

pr o c ess es, cir c ul ati n g n utri e nt l e v els or t h e i n di vi d u al ’s o w n

b e h a vi o r, a r e i nt e g r at e d at t h e c e nt r al n e r v o u s s y st e m a n d

a cti v at es sti m ul at or y/i n hi bit or y o ut p uts t h at c o ntr ol f o o d i nt a k e

(1 – 3 ).  T w o p o p ul ati o n s of n e u r o pe pti d e r gi c n e u r o n s of t h e

h y p ot h al a m us ar e i n v ol v e d i n t h e c o ntr ol of f o o d i nt a k e i n

m a m m als, t h e fi rst e x pr essi n g t h e or e xi g e ni c n e ur o p e pti d e  Y

( N P Y) a n d a g o uti- r el at e d p e pti d e ( A g R P), a n d t h e s e c o n d

e x pr essi n g t h e a n or e xi g e ni c pr o o pi o m el a c orti n ( P O M C) a n d

c o c ai n e- a n d a m p h et a mi n e-r e g ul at e d tr a ns cri pt ( C A R T) ( 4 , 5 ). I n

fi s h, t h e e xist e n c e of h o m ol o g o us n e ur o n al p o p ul ati o ns is still u n d er

d e b at e, b ut or e xi g e ni c a n d a n or e xi g e ni c eff e cts of n e ur o p e pti d es

h a v e b e e n r e p ort e d f or s e v er al fi s h s p e ci es (s e e r e v. 6 , 7 ). I n a d diti o n,

cir c a di a n si g n als als o  m o d ul at e f e e di n g b e h a vi or b y a cti n g t hr o u g h

diff er e nt p eri p h er al a n d c e ntr al r e g ul at or y p at h w a ys i n or d er

t o a c c o m m o d at e f o o d i nt a k e t o c ert ai n ti m es of t h e d a y t h at ar e

m or e c o n d u ci v e fr o m t h e p oi nt of vi e w of di g esti v e a cti vit y, e n er g y

h o m e ost asis a n d a d a pt ati o n t o t h e e n vir o n m e nt ( 6 , 8 ).  A c c or di n gl y,

fi s h s u bj e ct e d t o a pr o gr a m m e d f e e di n g r e gi m e p eri o di c all y i n cr e as e

or d e cr e as e t h e a b u n d a n c e of f a ct ors t h at r e g ul at e a p p etit e a n d

s ati et y, r es p e cti v el y,  wit h t h es e c h a n g es c oi n ci di n g  m ostl y  wit h t h e

pr e pr a n di al a n d p ost pr a n di al p h as es ( 3 ).

I n a d diti o n t o n e ur o p e pti d es, s e v er al br ai n n e ur otr a ns mitt ers

ar e i n v ol v e d i n f e e di n g r e g ul ati o n, i n cl u di n g t h e  m o n o a mi n es

( 9 , 1 0 ). S e r ot o ni n ( 5 - h y d r o x yt r y pt a mi n e, 5 H T ) i s  wi d el y

distri b ut e d i n c e ntr al n er v o us s yst e m a n d is o n e of t h e  m ost

i m p ort a nt n e u r otr a ns mitt ers aff e cti n g t h e r e g ul ati o n of f o o d

i nt a k e (1 1 ). 5 H T s y nt h esis t a k es pl a c e fr o m t h e a mi n o a ci d L-

tr y pt o p h a n,  w hi c h is fi rst h y dr o x yl at e d b y tr y pt o p h a n h y dr o x yl as e

( T P H, E C 1. 1 4. 1 6. 4) t o f or m 5- h y dr o x ytr y pt o p h a n ( 5 H T P), a n d

t h e n d e c ar b o x yl at e d b y L- ar o m ati c a ci d d e c ar b o x yl as e ( A A D C,

4. 1. 1. 2 8) t o gi v e s er ot o ni n.  D u e t o t h e r a pi d a cti vit y of  A A D C,

t h e l e v els of 5 H T P ar e us u all y l o w, a n d  T P H is t h o u g ht t o a ct as t h e

r at e -li miti n g e n z y m e of 5 H T bi o s y nt h e si s ( 1 2 ).  O n c e t h e

s er ot o n er gi c n e ur o n is a cti v at e d, t h e a mi n e st or e d i n v esi cl es i n

n e ur o n al t er mi n als is r el e as e d e x o c yt oti c all y t o t h e s y n a pti c cl eft,

w h er e it bi n ds t o s p e ci fi c 5 H T r e c e pt ors ( 5 H T R), eit h er a ut o or

h et er or e c e pt ors ( 1 3 ). S u bs e q u e ntl y, s o di u m- d e p e n d e nt s er ot o ni n

tr a ns p ort ers ( S E R T or sl c 6 a 4)  m e di at e t h e r e u pt a k e of 5 H T t o

n e ur o n al e n di n gs,  w h er e it is  m et a b oli z e d t o 5- h y dr o x yi n d ol e a c eti c

a ci d ( 5 HI A A) b y t h e s e q u e nti al a cti o n of  m o n o a mi n e o xi d as e a n d

al d e h y d e d e h y d r o g e n a s e ( 1 4 ). 5 H T s y nt h e si s, r e u pt a k e a n d

d e gr a d ati o n ar e  w ell- c o ns er v e d pr o c ess es t hr o u g h p h yl o g e n y, s o

t h at 5 H T is o n e of t h e  m ost  wi d es pr e a d si g n ali n g  m ol e c ul es i n

v ert e br at es, i n cl u di n g fi s h (1 5 ).

E vi d e n c e i n  m a m m als s u g g ests t h at t h e c e ntr al 5 H T er gi c s yst e m

a cts as a s u p pr ess or of f o o d a nti ci p at or y a cti vit y ( F A A) a n d as a

p ot e nt s ati et y si g n al ( 1 6 ).  M ulti pl e st u di es h a v e f o c us e d o n 5 H T R

s u bt y p es i n v ol v e d i n f e e di n g r e g ul ati o n, p oi nti n g t o a pri orit y r ol e
Fr o nti er s i n E n d o cri n ol o g y 0 2
of t h e p osts y n a pti c 5 H T 2 C a n d 5 H T 1 B r e c e pt ors a n d pr o b a bl y t h e

pr es y n a pti c 5 H T 1 A r e c e pt or (1 7 – 1 9 ). 5 H T2 C r e c e pt or is  wi d el y

e x pr ess e d i n t h e  C N S a n d s p e ci fi c all y i n br ai n ar e as r el at e d t o

e n er g y  m et a b olis m, i n cl u di n g t h e v e ntr al t e g m e nt al ar e a ( V T A), t h e

ar c u at e n u cl e us ( A R C) a n d t h e p ar a v e ntri c ul ar n u cl e us of t h e

h y p ot h al a m us ( P V N), a m o n g ot h ers ( 2 0 ).  Of ut m ost i nt er est is

t h at 5 H T2 C r e c e pt or is c o- e x pr ess e d i n h y p ot h al a mi c ( A R C) P O M C

n e ur o ns,  w hi c h ar e fi rst- or d er n e ur o ns i n t h e r e g ul ati o n of f o o d

i nt a k e a n d e n er g y b al a n c e (2 1 ).  A R C P O M C n e ur o ns pr o d u c e

m el a n o c yt e - sti m ul ati n g h o r m o n e ( a M S H), a n e n d o g e n o u s

a g o nist of t h e  m el a n o c orti n- 4 r e c e pt or ( M C 4 R)  w h os e a cti v ati o n

pr o m ot es d o w nstr e a m eff e cts t h at i n hi bit f o o d i nt a k e ( 2 2 – 2 4 ).

A d diti o n all y, a cti v ati o n of 5 H T 1 B r e c e pt ors d o w nr e g ul at es t h e

fi ri n g r at e i n h y p ot h al a mi c  N P Y/ A g R P n e ur o ns a n d c oll at er all y

i n cr e as es n e ur o n al r el e as e of P O M C,  w hi c h als o l e a ds t o l oss of

a p p etit e ( 1 0 , 2 1 ).  T h e pr es y n a pti c a ut or e c e pt or 5 H T1 A i n hi bits

s er ot o n er gi c a cti vit y a n d  m a y l e d t o a d o w n-r e g ul ati o n of t h e

5 H T- m e di at e d a p p etit e i n hi biti o n ( 2 5 ).

I n fi s h,  m o n o a mi n e s yst e ms ar e  wi d el y s pr e a d i n br ai n  wit h

m aj or cl ust ers of 5 H T er gi c n e ur o ns l yi n g i n t h e di e n c e p h al o n ( 2 6 ),

i n cl u di n g t h e h y p ot h al a mi c ar e a  w h er e t h e c o ntr ol c e nt er f or

f o o d i nt a k e is l o c at e d (2 7 ). P h ar m a c ol o gi c al st u di es, i. e., b y usi n g

5 H T or dr u gs t h at  m o d ul at e s er ot o n er gi c tr a ns missi o n s u c h as

fl u o x eti n e a n d d -f e n fl u r a mi n e a d mi ni st e r e d p e ri p h e r all y o r

i ntr a c er e br o v e ntri c ul arl y, s h o w e d a n i n hi bit or y i nfl u e n c e of 5 H T

o n f o o d i nt a k e ( 2 8 – 3 0 ) a n d  w ei g ht g ai n ( 3 1 ). I n a d diti o n,

tr e at m e nts  wit h s er ot o n er gi c a g o nists or a nt a g o nists s h o w e d a

cl os e f u n cti o n al r el ati o ns hi p b et w e e n br ai n 5 H T a n d c h a n g es i n

t h e e x pr essi o n of n e ur o p e pti d es i n v ol v e d i n t h e h y p ot h al a mi c

c o ntr ol of f e e di n g.  H o w e v er, t h e s p e ci fi c  m e c h a nis ms ar e n ot

e ntir el y cl e ar i n fi s h. F or i nst a n c e, t h e a n or e cti c eff e ct i n d u c e d b y

i n cr e as e d 5 H T i n g ol dfi s h br ai n  m a y b e  m e di at e d b y  C R F ( 2 8 ),

w h er e as fl u o x eti n e u p-r e g ul at e d b ot h crf 1 a n d n p y g e n e e x pr essi o n

i n f e m al e g ol dfi s h (3 1 ). I n tr o ut, t h e d e cr e as e i n f o o d i nt a k e i n d u c e d

b y a g o nisti c a cti v ati o n of 5 H T 2 C r e c e pt ors  w as f oll o w e d b y a n

i n cr e as e i n h y p ot h al a mi c  m R N A a b u n d a n c e of p o mc a 1 , c art a n d crf

(3 2 – 3 4 ).  M e a n w hil e, t h e i n v ol v e m e nt of 5 H T1 B r e c e pt ors i n f e e di n g

c o ntr ol r e m ai ns u n cl e ar ( 3 0 ).

I n t el e osts, h y p ot h al a mi c n e ur o p e pti d e l e v els s h o w c h a n g es t h at

r es p o n d t o a n u m b er of  m et a b oli c, h u m or al a n d n e ur al si g n als t h at

pr o vi d e i nf or m ati o n a b o ut f o o d i n t a k e, n utriti o n al st at us a n d

cir c a di a n ti mi n g ( 3 5 – 3 7 ). S o m e of t h es e si g n als c a n c o n v er g e o n

br ai n s er ot o n er gi c n e ur o ns at diff er e nt l e v els t o  m o d ul at e t h eir

a cti vit y d uri n g f e e di n g ti m e ( 2 7 , 2 9 , 3 2 ).  T h er ef or e, 5 H T  m a y b e a

criti c al el e m e nt i n t h e i nt er a cti o n  wit h br ai n n e ur o p e pti d e cir c uits,

b ei n g a bl e t o  m o d ul at e f e e di n g b e h a vi or.  H o w e v er,  w h et h er t h er e is

a t e m p or al r el ati o ns hi p b et w e e n br ai n 5 H T er gi c a cti vit y a n d t h e

r e g ul at or y  m e c h a nis ms d et er mi ni n g d ail y f o o d i nt a k e i n t el e ost

r e m ai ns t o b e d et er mi n e d.  T o a d dr ess t his q u esti o n, t h e pr es e nt

st u d y a d dr ess e d i n d e pt h t h e p eri pr a n di al c h a n g es i n s er ot o n er gi c

a cti vit y a n d its r el ati o ns hi p t o f e e di n g r e g ul at or y n e ur o p e pti d es i n

t h e br ai n of f e d a n d n o n-f e d r ai n b o w tr o ut. Si n c e s c h e d ul e f e e di n g

c a n a dj ust cir c a di a n c h a n g es i n f e e di n g r e g ul at or y s yst e ms ( 3 8 ),  w e

ass ess e d c h a n g es i n 5 H T a n d br ai n n e ur o p e pti d es i n gr o u ps of fi s h

f e d o n t w o diff er e nt d ail y f e e di n g s c h e d ul es.
fr o nti er si n. or g
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2  M at eri al s a n d  m et h o d s

2. 1 Fi s h

I m m at ur e r ai n b o w tr o ut (O nc or h y nc h us  m y kiss ,  W al b a u m)

w ei g hi n g 9 2. 4 ± 6. 4 g,  w er e o bt ai n e d fr o m a l oc al h at c h er y ( A

Estr a d a, S p ai n), a n d tr a ns p ort e d t o t h e f a ciliti es of t h e F a c ult y of

Bi ol o g y ( U ni v ersit y of  Vi g o). Fis h  w er e tr a nsf err e d t o 1 0 0- L  w at er

t a n ks a n d b e g a n a 2 0- d a y a c cli m ati o n p e ri o d t o l a b or at or y

c o n diti o ns, i. e., 1 2 L: 1 2 D li g ht/ d ar k p h ot o p eri o d, c o ntr oll e d  w at er

t e m p er at ur e ( 1 3 ± 1° C) a n d c o nti n u o usl y r e n e w e d, a er at e d a n d

d e c hl ori n at e d fr es h  w at er.  Tr o ut  w er e f e d d ail y at  Z T 2 ( Z T 0 =

li g hts o n)  wit h c o m m er ci al dr y p ell ets ( Di b a q- Di pr ot e g S A, S p ai n;

4 8 % cr u d e pr ot ei n, 1 4 % c ar b o h y dr at es, 2 5 % cr u d e f at, a n d 1 1. 5 % as h;

2 0. 2  MJ/ k g f e e d).  All t h e e x p eri m e nts a gr e e d  wit h t h e E ur o p e a n

U ni o n  C o u n cil ( 2 0 1 0/ 6 3/ U E) a n d S p a nis h  G o v er n m e nt ( R D 5 3/

2 0 1 3)  Dir e cti v es f or t he us e of a ni m als i n r es e ar c h.  T h e  A ni m al Et hi cs

C o m mitte e of t he  U ni v ersit y of  Vi g o a p pr o v e d all t h e pr ot o c ols.
2. 2 E x p eri m e nt al  d e si g n a n d s a m pli n g

F oll o wi n g a c cli m ati o n, t w o c o h orts of fi s h  w er e r a n d o ml y

distri b ut e d i nt o t w e nt y e x p eri m e nt al t a n ks ( 1 0 t a n ks p er c o h ort,

2 5 i n di vi d u als p er t a n k), a n d  w er e f e d a d li bit u m f or 1 0 d a ys. Fis h

b el o n gi n g t o t h e fi rst c o h ort r e c ei v e d f o o d 2 h o urs aft er li g hts o n

( z eit g e b er ti m e 2,  Z T 2),  w h er e as t h os e of t h e s e c o n d c o h ort  w er e f e d

at  Z T 6.  T his f e e di n g pr ot o c ol  w as a p pli e d t o dis cri mi n at e t h e

p ossi bl e i n fl u e n c e of cir c a di a n fl u ct u ati o ns of t h e  m e as ur e d

p ar a m et ers o n t h e c h a n g es o c c urri n g i n r el ati o n t o t h e d ail y

f e e di n g ti m e. E a c h d a y t h e fi s h h a d vis u al a c c ess t o t h e f e e di n g

o p er at or f or 5 s e c o n ds b ef or e t h e f o o d  w as d eli v er e d.  Aft er t h e

tr ai ni n g p eri o d, tr o ut fr o m si x t a n ks i n e a c h c o h ort  w er e s a m pl e d at

diff er e nt ti m es ar o u n d t h e r es p e cti v e  m e alti m e ( M T): 9 0  mi n a n d

3 0  mi n b ef or e  M T, j ust at  M T ( 0  mi n), a n d 3 0, 9 0 a n d 2 4 0  mi n aft er

M T.  T o e ns ur e t h at all t h e fi s h of t h es e gr o u ps h a d e at e n f o o d,

st o m a c h c o nt e nt  w as a n al y z e d i n di vi d u all y at t h e e n d of t h e

e x p eri m e nt.  T h e r e m ai ni n g f o ur t a n ks fr o m e a c h c o h ort  w er e n ot

f e d alt h o u g h a si m ul at e d f e e di n g a cti o n  w as p erf or m e d at  m e alti m e.

Tr o ut of t h e u nf e d gr o u ps  w er e s u bs e q u e ntl y s a cri fi c e d a n d s a m pl e d

at 0, 3 0, 9 0 a n d 2 4 0  mi n, r el ati v e t o t h e c orr es p o n di n g  M T.

Pri or t o s a m pli n g, fi s h  w er e a n est h eti z e d  wit h 0. 0 2 % 2-

p h e n o x y et h a n ol ( v/ v,  M er c k) pr e- dil ut e d i n 1 L of  w at er a n d

c ar ef ull y a d d e d t o t h e t a n k.  O nl y 1 6 fi s h fr o m e a c h t a n k  w er e us e d,

wit h t he r e m ai ni n g 9 fi s h b ei n g tr a nsf err e d t o r e c o v er y t a n ks.  T his

s ur pl us of a ni m als per e x p eri m e nt al t a n k  w as est a blis he d t o a v oi d t he

i n ci d e n c e of d o mi n a n c e hi er ar c hi es, as pr e vi o usl y r e p ort e d (3 9 ).

Bl o o d s a m pl es  w er e c oll e ct e d fr o m t h e c a u d al p e d u n cl e b y

p u n ct ur e  wit h h e p ari ni z e d s yri n g es. Pl as m a  w as o bt ai n e d aft er

bl o o d c e ntrif u g ati o n ( 6, 0 0 0 g, 1 0  mi n at 4°  C) a n d a n ali q u ot of 5 0

µ L  w as c oll e ct e d a n d i m m e di at el y st or e d at - 8 0°  C f or c ortis ol

a n al ysis.  T h e r e m ai ni n g pl as m a v ol u m e  w as d e pr ot ei ni z e d  wit h 0. 6

M p er c hl ori c a ci d f oll o w e d b y c e ntrif u g ati o n ( 1 4, 0 0 0 g, 4  mi n at 4°  C)
Fr o nti er s i n E n d o cri n ol o g y 0 3
a n d s u bs e q u e nt n e utr ali z ati o n  wit h 1  M p ot assi u m bi c ar b o n at e, t h us

fr o z e n (- 8 0°  C) f or s u bs e q u e nt bi o c h e mi c al d et er mi n ati o ns. Fi n all y,

fi s h  w er e e ut h a ni z e d b y d e c a pit ati o n a n d br ai n ar e as (t el e n c e p h al o n,

di e n c e p h al o n - i n cl u di n g t he h y p ot h al a m us - a n d hi n d br ai n)  w er e

diss e ct e d as s h o w n i n S u p pl e m e nt ar y Fi g ur e 1 .  Tiss u es  w er e fr o z e n at

- 8 0° C u ntil f urt h er a n al ysis. Br ai n s a m pl es fr o m t e n fi s h  w er e

a n al y z e d f or  m o n o a mi n e c o nt e nt,  w hil e t h os e fr o m t h e r e m ai ni n g

si x fi s h  w er e us e d f or q- P C R ass a ys.
2. 3  Pl a s m a c orti s ol a n d  m et a b olit e s

Pl as m a c ortis ol l e v els  w er e a n al y z e d b y a c o m m er ci al e n z y m e-

li n k e d i m m u n os or b e nt ass a y kit ( C a y m a n  C h e mi c al  C o m p a n y,

A n n  Ar b or,  MI,  U S A), f oll o wi n g t h e  m a n uf a ct ur er ’s i n di c ati o ns.

Pl as m a gl u c os e l e v els  w er e  m e as ur e d s p e ctr o p h ot o m etri c all y  wit h a

c o m m er ci al kit ( S pi nr e a ct, B ar c el o n a, S p ai n).
2. 4  Br ai n  m o n o a mi n e s

T h e c o nt e nts of 5 H T a n d its  m ai n o xi d ati v e  m et a b olit e, t h e

5 HI A A, i n br ai n tiss u es  w er e ass ess e d b y hi g h p erf or m a n c e li q ui d

c h r o m at o g r a p h y  wit h el e ct r o c h e mi c al d et e cti o n ( H P L C- E C)

a c c or di n g t o  G est o et al. ( 4 0 ),  wit h  m o difi c ati o ns. Br ai n tiss u es

w er e h o m o g e ni z e d b y ultr as o ni c disr u pti o n i n 0. 4  m L of  H P L C

m o bil e p h as e a n d c e ntrif u g e d ( 1 6, 0 0 0 g, 1 0  mi n). Pr ot ei n c o nt e nt i n

i n di vi d u al ali q u ots  w er e esti m at e d b y t h e bi ci n c h o ni ni c a ci d

m et h o d, a n d t h e r e m ai ni n g v ol u m e  w a s fi lt e r e d ( 0. 2 µ m,

Milli p or e) a n d dil ut e d 1: 3 i n  m o bil e p h as e b ef or e i nj e ct e d i nt o

t h e  H P L C s yst e m.  T his c o nsist e d of a J as c o P U- 2 0 8 0 Pl us p u m p a n d

A S- 2 0 5 7 a ut os a m pl er, a 5- m m r e v ers e p h as e a n al yti c al c ol u m n

( Ki n et e x  C 1 8 1 0 0  Å, 1 5 0  m m l e n gt h  × 4. 6  m m di a m et e r;

P h e n o m e n e x)  m ai nt ai n e d at 2 5°  C i n a c ol u m n o v e n (J as c o  C O-

4 0 6 0), a n d a n E S A  C o ul o c h e m II d et e ct or.  T h e d et e cti o n s yst e m

i n cl u d e d a d o u bl e a n al yti c al c ell ( M 5 0 1 1)  wit h o xi d ati o n p ot e nti als

s et at + 4 0  m V (fi rst el e ctr o d e) a n d + 3 4 0  m V (s e c o n d el e ctr o d e).  T h e

m o bil e p h as e  w as c o m p os e d of 6 3. 9  m ol/ L  N a H 2 P O 4 , 0. 1  m ol/ L

N a 2 E D T A, 0. 8 0  m ol/ L s o di u m 1- o ct a n es ulf o n at e a n d 1 4 % v/ v

m et h a n ol, a n d p H a dj ust e d t o 2. 8 5  wit h o - p h os p h ori c a ci d.

M o bil e p h as e  w as fi lt er e d, d e g ass e d u n d er v a c u u m a n d p u m p e d

at a fl o w r at e of 1. 0  m L/ mi n.  T h e d et e cti o n li mits f or 5 H T a n d

5 HI A A  w er e 0. 5 a n d 1. 5 p g p er i nj e cti o n,  wit h a si g n al-t o- n ois e

r ati o of 3.  C hr o m N A V v ersi o n 1. 1 2 s oft w ar e (J as c o  C or p.)  w as us e d

f or c hr o m at o gr a m a c q uisiti o n a n d d at a i nt e gr ati o n.
2. 5  Q u a ntit ati v e r e al ti m e  P C R
( q P C R) a s s a y s

T ot al  m R N A  w as i n di vi d u all y e xtr a ct e d fr o m br ai n s a m pl es

a c c or di n g t o t h e  T RI z ol ® m et h o d ( Lif e  T e c h n ol o gi es,  Gr a n d Isl a n d,

N Y,  U S A), a n d tr e at e d  wit h  D N As e ( Pr o m e g a,  M a dis o n,  WI,  U S A).
fr o nti er si n. or g
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1 m g t ot al  R N A  w as c o n v ert e d t o c D N A  wit h S u p ers cri pt II r e v ers e

tr a ns cri pt as e ( Pr o m e g a) a n d r a n d o m h e x a pri m ers ( Pr o m e g a).  T o

i d e ntif y a n y g e n o mi c c o nt a mi n ati o n i n t h e  R N A e xtr a ct, n e g ati v e

c o ntr ol  wit h o ut r e v ers e tr a ns cri pt as e  w as r u n f or e a c h s a m pl e.

T h e  m R N A a b u n d a n c e  w a s  d et e r mi n e d b y r e al -ti m e

q u a ntit ati v e  R T- P C R ( q- P C R) u si n g t h e i C y cl er i Q ™ ( BI O-

R A D,  H er c ul es,  C A,  U S A).  Ass a ys  w er e d o n e i n a t ot al P C R

v ol u m e of 1 5 m L, c o nt ai ni n g 2 m L of dil ut e d c D N A ( 1: 8), 7. 5 m L of

M A XI M A S Y B R  Gr e e n q P C R  M ast er mi x ( Lif e  T e c h n ol o gi es), 1. 0

m L of e a c h pri m er ( 0, 2 µ M fi n al c o n c e ntr ati o n), a n d 3. 5 µ L of

R N As e-fr e e  Milli Q  w at er. Pri m ers  w er e s el e ct e d fr o m s e q u e n c es

pr e vi o usl y r e p ort e d f or r ai n b o w tr o ut a n d  w er e o bt ai n e d fr o m

Si g m a ( T a bl e 1 ).  T h e tr a ns cri pts ass a y e d  w er e t p h 1, t p h 2, 5 htr2c ,

5 htr 1 b , 5 htr1 a , n p y, a gr p 1, p o mc a 1, c art pt, crf b, a n d act b .  T h e l att er

w as us e d as a r ef er e n c e f or r el ati v e q u a nti fi c ati o n aft er it  w as

f o u n d t o s h o w st a bl e e x pr essi o n l e v els i n tiss u es u n d er t h e

e x p e ri m e nt al c o n diti o n s.  T h e r m al c y cli n g i niti at e d b y

i n c u b ati o n at 9 5° C f o r 1 0  mi n u si n g h ot - st a rt i T a q  D N A

p ol y m er as e a cti v ati o n; t h e n, 3 5 q P C R st e ps  w er e p erf or m e d,

e a c h c o nsisti n g of h e ati n g at 9 5° C f or 1 5 s, 3 0 s at  T m- 5°  C a n d

3 0 s at 7 2° C.  Aft er t h e l ast P C R c y cl e,  m elti n g c ur v es  w er e

s yst e m ati c all y  m o nit or e d (t e m p er at ur e gr a di e nt at 0. 5° C/ 1 5s

fr o m  T m- 5 t o 9 4° C) t o e ns ur e t h at o nl y o n e fr a g m e nt fr o m e a c h

s a m pl e  w as a m plifi e d. S a m pl es l a c ki n g c D N A  w er e r u n i n p ar all el,

as n e g ati v e c o ntr ols, t o e ns ur e pri m ers a c c ur a c y.  T h e ef fi ci e n c y of

all tr a ns cri pts  w as c al c ul at e d a n d o nl y v al u es b et w e e n 9 0 % a n d

1 1 0 %  w er e a c c e pt e d ( R 2 v al u e  w as al w a ys hi g h er t h a n 0. 9 8 5).  T h e

r el ati v e e x pr essi o n of t h e t ar g et g e n es  w as c al c ul at e d f oll o wi n g t h e

Pf af fl m et h o d ( 4 1 ).
Fr o nti er s i n E n d o cri n ol o g y 0 4
2. 6 St ati sti c al a n al y si s

All d at a s ets ar e s h o w n as t h e  m e a n ± st a n d ar d err or of t h e

m e a n ( S E M) a n d a si g ni fi c a n c e l e v el ( a ) of 0. 0 5  w as g e n er all y us e d.

O n e- w a y  A N O V A a n al ysis  w as p erf or m e d t o ass ess diff er e n c es

a m o n g p eri pr a n di al ti m es f or e a c h p ar a m et er ass a y e d  wit hi n e a c h

c o h ort,  Z T 2 a n d  Z T 6. P ost- pr a n di al d at a (fr o m 0  mi n t o 2 4 0  mi n

aft er  M T)  w er e a n al y z e d b y t w o- w a y  A N O V A,  w hi c h i n cl u d e d

f e e di n g c o n diti o n (f e d/ u nf e d) a n d ti m e as  m ai n f a ct ors.  W h e n

r e q uir e d,  T u k e y’s  H S D  w as us e d f or p ost h oc a n al ysis. St atisti c al

a n al ys es  w er e c arri e d o ut  wit h  Gr a p h P a d Pris m ( v ersi o n 9. 0;

Gr a p h P a d S oft w ar e, S a n  Di e g o,  C A).
3  R e s ult s

St atisti c al r es ults of t h e p eri pr a n di al e v ol uti o n of t h e diff er e nt

p ar a m et ers i n n or m all y f e d fi s h ( o n e- w a y  A N O V A), as  w ell as

c o m p aris o ns b et w e e n f e d a n d n o n-f e d d uri n g t h e p ost pr a n di al ti m e

a r e i n cl u d e d a s s u p pl e m e nt a r y  m at e ri al ( S u p pl e m e nt a r y

T a bl es 1 , 2 ).
3. 1  Pl a s m a c orti s ol a n d gl u c o s e l e v el s

Pl as m a c ortis ol a n d gl u c os e l e v els ar e s h o w n i n Fi g ur e 1 . Fis h

f e d i n t h e  m or ni n g ( Z T 2) dis pl a y e d el e v at e d pr e pr a n di al v al u es,

w hi c h gr a d u all y d e cr e as e d u ntil 2 4 0  mi n aft er  M T. I n c o ntr ast,

c ortis ol l e v els i n fi s h t h at  w er e f e d i n t h e aft er n o o n ( Z T 6; c o h ort 2)
T A B L E 1  N u cl e oti d e s e q u e n c e s  of t h e  P C R  pri m er s  u s e d t o e v al u at e  m R N A a b u n d a n c e  of tr a n s cri pt  b y  R T - q P C R.

G e n e F or w ar d pri m er R e v er s e pri m er R ef er e n c e

t p h 1 A G G G A A A G A T G A G A G C C T A C G  G G A G A G T G C A T G C T T C A G  M G 0 1 5 6 9 7. 1

G e n e b a n K

t p h 2 C C T T C A A C A C G C C T C A A A A C C A T C T T C T G G G G G A A C C A A G G A M G 0 1 5 6 9 8. 1

G e n e b a n k

5 htr 1 a C A C A A G G G T T T G A G A A C A G G A C A T G A T G A T A C C G A G C G T C T T X M _ 0 2 1 6 2 2 1 0 4. 1

G e n e b a n k

5 htr 1 b G C A A T G T C A A C A C G G A T C A C A G G T G C G C T G A A G T G A G T C T X M _ 0 2 1 5 8 4 4 6 9. 1

G e n e b a n k

5 htr 2c C C T T C G T G G C T T T C T T C A T C G A A A T T T G G A G G T G G G G A C T X M _ 0 2 1 6 1 4 6 1 7. 1

G e n e b a n k

p o mc a 1 C T C G C T G T C A A G A C C T C A A C T C T G A G T T G G G T T G G A G A T G G A C C T C T C 8 6 1 6 2

Ti gr

c art pt A C C A T G G A G A G C T C C A G G G G C A C T G C T C T C C A A N M _ 0 0 1 1 2 4 6 2 7

G e n e b a n k

crf b A C A A C G A C T C A A C T G A A G A T C T C G A G G A A A T T G A G C T T C A T G T C A G G A F 2 9 6 6 7 2

G e n e b a n k

n p y C T C G T C T G G A C C T T T A T A T G C G T T C A T C A T A T C T G G A C T G T G N M _ 0 0 1 1 2 4 2 6 6

G e n e b a n k

a gr p 1 A C C A G C A G T C C T G T C T G G G T A A A G T A G C A G A T G G A G C C G A A A C A C R 3 7 6 2 8 9

G e n e b a n k

act b G A T G G G C C A G A A A G A C A G C T A T C G T C C C A G T T G G T G A C G A T AJ 4 3 8 1 5 8

G e n e b a n k
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s h o w e d a si g nifi c a nt i n cr e as e at  M T a n d d e cr e as e d t h er e aft er.  N o n-

f e d tr o ut h a d hi g h er c ortis ol l e v els t h at f e d tr o ut i n b ot h t h e  Z T 2

a n d  Z T 6 c o h orts ( + 2 4 0  mi n: p < 0. 0 5 vs f e d gr o u p). Pl as m a gl u c os e

l e v els i n  Z T 2-f e d tr o ut i niti all y d e cr e as e d (- 3 0  mi n b ef or e  M T) a n d

t h e n tr a nsi e ntl y i n cr e as e d at + 9 0  mi n.  T h os e f e d at  Z T 6 s h o w e d a n

i n cr e as e i n gl u c os e l e v els at + 3 0  mi n a n d + 9 0  mi n, d e cli ni n g t o b as al

l e v els at + 2 4 0  mi n.  Gl u c os e l e v els i n t h e u nf e d fi s h di d n ot v ar y

a cr oss t h e p eri pr a n di al ti m es.
3. 2  m R N A a b u n d a n c e  of f o o d i nt a k e -
r el at e d  n e ur o p e pti d e s i n  di e n c e p h al o n

Fi g ur e 2 s h o ws t h e  m R N A a b u n d a n c e of n p y , a gr p 1 , p o mc a 1 ,

c art pt a n d crf b i n tr o ut di e n c e p h al o n.  T h e pr e pr a n di al ti m e

si g nifi c a ntl y aff e ct e d n p y a n d a gr p 1 m R N A a b u n d a n c e i n  Z T 2-

f e d fi s h, s h o wi n g a c o nti n u o us dr o p fr o m - 9 0  mi n t o  M T.  H o w e v er,

tr o ut f e d at  Z T 6 s h o w e d n o pr e pr a n di al c h a n g es i n b ot h p e pti d es.

Aft er f e e di n g, n p y a n d a gr p 1 l e v els s h ar pl y d e cr e as e d i n b ot h

c o h orts of fi s h, r e m ai ni n g l o w t h er e aft er. I n t h e n o n-f e d tr o ut,

t his eff e ct  w as n ot o bs er v e d i niti all y,  wit h its l e v els b ei n g hi g h er at

3 0  mi n ( n p y a n d a gr p 1 ) a n d 9 0 mi n (n p y ) aft er  M T c o m p ar e d t o

t h e r es p e cti v e f e d gr o u ps.  Aft er 9 0  mi n (a gr p 1 ) a n d 2 4 0  mi n (n p y )

fr o m f e e di n g, tr a ns cri pt l e v els  w er e si mil ar i n t h e f e d a n d u nf e d

gr o u ps.  As f or p o mc a 1 , a pr e- M T d e cr e as e  w as o bs er v e d i n t h e  Z T 2

gr o u p (- 3 0  mi n), f oll o w e d i n b ot h t h e  Z T 2 a n d  Z T 6 gr o u ps b y a n

i n cr e as e t h at  w as  m ai nt ai n e d f or 9 0  mi n aft er  M T.  T h e n o n-f e d
Fr o nti er s i n E n d o cri n ol o g y 0 5
tr o ut gr o u p s h o w e d n o s u c h a n i n cr e as e i n p o mc a 1 ,  wit h v al u es

r e m ai ni n g st a bl e t hr o u g h o ut s a m pli n g.  N o si g ni fi c a nt p eri pr a n di al

c h a n g es f or c art pt w er e f o u n d i n b ot h  Z T 2 a n d  Z T 6 f e d fi s h, b ut a n

i n cr e as e i n n o n-f e d fi s h ( Z T 2: + 9 0  mi n;  Z T 6: + 3 0  mi n; p < 0. 0 5 vs.

r es p e cti v e f e d gr o u ps).

T h e a b u n d a n c e of crf b i n di e n c e p h al o n s h o w e d a d e cr e asi n g

tr e n d t hr o u g h o ut  m ost of t h e s a m pli n g ti m e i n  Z T 2-f e d fi s h,  w hi c h

w as  m ost e vi d e nt aft er t h e  m e alti m e. I n fi s h f e d at  Z T 6, t h e p ost-

f e e di n g d e cli n e i n crf b c o nt e nt  w as als o n ot e d, b ut  m or e att e n u at e d.

N o n-f e d fi s h s h o w e d hi g h er crf b l e v els fr o m us u al  M T t o + 9 0  mi n as

c o m p ar e d t o fi s h f e d at  Z T 2,  w h er e as n o diff er e n c es  w er e f o u n d

b et w e e n n o n-f e d a n d  Z T 6-f e d fi s h.
3. 3  P eri pr a n di al c h a n g e s i n s er ot o n er gi c
a cti vit y a n d r e c e pt or s

Fi g ur e 3 s h o ws t h e  m R N A a b u n d a n c e of t p h 1 a n d t p h 2 i n t h e

di e n c e p h al o n a n d hi n d br ai n of r ai n b o w tr o ut f e d i n  Z T 2 a n d  Z T 6,

or i n t h e r es p e cti v e s h a m-f e e di n g gr o u ps. Fis h fr o m b ot h c o h orts

s h o w e d si g ni fi c a nt ti m e- d e p e n d e nt c h a n g e s i n di e n c e p h ali c

e x pr essi o n of t p h 1 wit h a s ust ai n e d si g ni fi c a nt i n cr e as e fr o m

3 0  mi n b ef or e  M T.  N o n-f e d fi s h s h o w e d diff er e nti al eff e cts as a

f u n cti o n of d ail y ti m e.  T h us, t p h 1 m R N A a b u n d a n c e  w as n ot

aff e ct e d i n n o n-f e d fi s h fr o m t h e fi rst c o h ort ( Z T 2),  w hil e t h os e

fr o m t h e s e c o n d c o h ort ( Z T 6) s h o w e d a si g nifi c a nt d e cr e as e at

9 0  mi n aft er  M T c o m p ar e d t o t h e f e d gr o u p ( p = 0. 0 2 8).
FI G U R E 1

P eri pr a n di al c h a n g e s a n d eff e ct  of f a sti n g i n pl a s m a c orti s ol a n d gl u c o s e l e v el s  of r ai n b o w tr o ut n or m all y f e d at t w o diff er e nt d ail y ti m e s ( m or ni n g,

Z T 2, a n d aft er n o o n,  Z T 6). T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M  of n = 1 0 fi s h p er gr o u p.  Diff er e nt l ett er s i n di c at e si g ni fi c a nt diff er e n c e s a m o n g

ti m e s i n t h e f e d fi s h gr o u p.  A st eri s k s i n di c at e si g ni fi c a nt diff er e n c e s b et w e e n n o n -f e d a n d f e d fi s h at e a c h s p e ci fi c ti m e ( P < 0. 0 5).
fr o nti er si n. or g
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Ass ess m e nt of di e n c e p h ali c t p h 2 m R N A a b u n d a n c e r e v e al e d

mi n or p eri pr a n di al c h a n g es,  wit h si g ni fi c a ntl y l o w t p h 2 m R N A

l e v els at 9 0  mi n p ost-f e e di n g i n  Z T 2 fi s h,  w hi c h i n cr e as e d i n n o n-

f e d fi s h (fr o m 9 0 t o 2 4 0  mi n p ost- M T, p < 0. 0 5 vs. f e d fi s h).  N or m all y

f e d  Z T 6 c o h o rt t r o ut s h o w e d  n o si g nifi c a nt p e ri p r a n di al

fl u ct u ati o ns,  w h er e as n o n-f e d tr o ut s h o w e d a d e cr e as e at 2 4 0  mi n
Fr o nti er s i n E n d o cri n ol o g y 0 6
p ost- M T. I n t h e hi n d br ai n,  m e a n t p h 2 e x pr essi o n  w as si g ni fi c a ntl y

hi g h er d uri n g t h e p ost pr a n di al t h a n t h e pr e- pr a n di al p eri o d i n b ot h

Z T 2 ( P = 0. 0 1 0) a n d  Z T 6 ( P < 0. 0 0 1) fi s h.  T h e t p h 2 m R N A c o nt e nt

i n cr e as e d tr a nsi e ntl y at 9 0  mi n p ost- M T i n b ot h c o h orts, r el ati v e t o

pr e- pr a n di al a n d pr a n di al v al u es, f oll o w e d b y a d e cli n e t o b as al

l e v els ( + 2 4 0  mi n).  T h e p ost pr a n di al i n cr e as e i n t p h 2 m R N A l e v els
FI G U R E 2

P eri pr a n di al c h a n g e s a n d eff e ct  of f a sti n g i n  m R N A a b u n d a n c e  of r e g ul at o r y  n e ur o p e pti d e s i n t h e  di e n c e p h al o n  of r ai n b o w tr o ut  n or m all y f e d at

t w o  diff er e nt  d ail y ti m e s ( m or ni n g,  Z T 2, a n d aft er n o o n,  Z T 6).  T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M  of  n = 5 fi s h  p er  gr o u p.  Diff er e nt l ett er s

i n di c at e si g nifi c a nt  diff er e n c e s a m o n g ti m e s i n t h e f e d fi s h  gr o u p.  A st eri s k s i n di c at e si g ni fi c a nt  diff er e n c e s  b et w e e n  n o n -f e d a n d f e d fi s h at e a c h

s p e ci fi c ti m e ( P < 0. 0 5).
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w as n ot o bs er v e d i n n o n-f e d fi s h of b ot h c o h orts ( Z T 2 a n d  Z T 6), s o

it  w as si g nifi c a ntl y l o w er at + 9 0  mi n t h a n i n f e d fi s h.

Fi g ur e 4 s h o ws t h e tiss u e c o nt e nts of 5 H T a n d 5 HI A A, as  w ell as

t h e 5 HI A A/ 5 H T r ati o i n t h e di e n c ep h al o n. 5 H T c o nt e nt i n cr e as e d

si g nifi c a ntl y aft er f e e di n g i n fi s h fr o m b ot h c o h orts ( Z T 2: p = 0. 0 0 5;

Z T 6: p < 0. 0 0 1 vs pr e- pr a n di al ti m e) ,  w h er e as n o p ost pr a n di al c h a n g es

w er e d et e ct e d i n n o n-f e d tr o ut.  A c c or di n gl y, 5 H T l e v els  w er e

si g nifi c a ntl y l o w er at 3 0, 9 0 a n d 2 4 0  mi n ( Z T 2) or 9 0  mi n ( Z T 6)

after  M T i n n o n-f e d v ers us fe d tr o ut ( Z T 2: p < 0. 0 0 1; Z T 6: p = 0. 0 0 7).

Di e n c e p h al o n 5 HI A A c o nt e nt als o i n cr e as e d after f e e di n g ti m e i n b ot h

c o h orts, r e a c hi n g si g ni fi c a nc e at 3 0 a n d 9 0 mi n aft er M T c o m p ar e d t o

pr e vi o us v al u es.  N o n-f e d fi s h i n t h e Z T 2 c o h ort s h o w e d t h e s a me

5 HI A A c o nte nt pr o fi l e as f e d fi s h,  w h er e as i n t h e Z T 6 c o h ort t h e l e v els

of t his  m et a b olit e  w er e l ess i n n o n-fe d fi s h t h a n i n f e d fi s h at 3 0 a n d

9 0  mi n after  M T.  As f or t he 5 HI A A/ 5 H T r ati o, i ncr e as e d v al u es  w er e

f o u n d 3 0  mi n b ef or e  M T ( Z T 2) a n d at  M T ( Z T 2 a n d Z T 6), c o m p ar e d

t o pr e vi o us s a m pli n g p oi nts, r e m ai ni n g el e v at e d f or at l e ast 3 0  mi n i n

t h e p ost pr a n di al p eri o d.  Tr o ut i n t h e fi rst c o h ort ( Z T 2) t h at  w er e n ot

f e d s h o we d l o w er v al u es of t he 5 HI A A/ 5 H T r ati o at t h e  M T t h a n t h os e

f e d,  wit h t h es e l e v els gr a d u all y i n cr e asi n g o v er t h e n e xt 2 4 0  mi n.  A

si mil ar eff e ct  w as n ot o bs er v e d i n fi s h fr o m t h e s e c o n d c o h ort ( Z T 6).

I n t h e hi n d br ai n (Fi g ur e 5 ), t h e 5 H T c o nt e nt of t h e  m or ni n g-f e d

fi s h ( Z T 2) i n cr e as e d i n t he p ost pr a n di al p eri o d ( 3 0-, 9 0- a n d 2 4 0  mi n

p ost- M T vs pr e- pr a n di al v al u es, p = 0. 0 1 0).  A p ost- pr a n di al i ncr e as e
Fr o nti er s i n E n d o cri n ol o g y 0 7
w as als o o bs er v e d i n t he Z T 6 gr o u p of fi s h ( p = 0. 0 3 0) at 9 0  mi n a n d

2 4 0  mi n p ost- M T. I n c o ntr ast, n o n-f e d fi s h i n b ot h c o h orts s h o w e d n o

si g nifi c a nt p eri pr a n di al c h a n g es i n 5 H T l e v els.  C o ns e q u e ntl y, 5 H T

v al u es  w er e at s o m e ti m e l o w er i n n o n-f e d t h a n i n f e d fi s h ( 9 0  mi n

p ost- M T, p < 0. 0 5).  T h e 5 HI A A c o nte nt i n t h e hi n d br ai n of  m or ni n g-

fe d tr o ut i ncr e as e d si g nifi c a ntl y b ef or e  M T a n d r e m ai n e d el e v at e d

t h er e aft er.  Tr o ut f e d at Z T 6 s h o w e d n o si g nifi c a nt v ari ati o n t hr o u g h o ut

t h e e ntir e s a m pli n g p eri o d.  T h e 5 HIA A c o nte nt di d n ot v ar y  wit h ti m e

i n t h e u nfe d fi s h of b ot h c o h orts, n or di d it c h a n g e r el ati v e t o fe d fi s h.

T he 5 HI A A/ 5 H T r ati o i n t h e hi n d br ai n, i n cr e as e d tr a nsi e ntl y i n  M T i n

b ot h c o h orts, b ut r et ur n e d t o b as al l e v els t h er e aft er.  N o n-f e d fi s h

s h o w e d n o s u c h i n cr e as e at  M T, b ut 5 HI A A/ 5 H T gr a d u all y i n cr e as e d

t o si g nifi c a ntl y hi g h er v al u es 9 0  mi n aft er  M T.  A si mil ar pr o fi l e  w as n ot

o bs er v e d i n fi s h fr o m t h e s e c o n d c o h ort ( Z T 6).

I n t h e t el e n c e p h al o n,  Z T 2-f e d t r o ut s h o w e d si g nifi c a nt

p ost pr a n di al d ecr e as es i n 5 H T ( 9 0- a n d 2 4 0  mi n p ost- M T) a n d

5 HI A A ( 3 0-, 9 0- a n d 2 4 0- mi n p ost- M T) c o nt e nts c o m p ar e d t o

e arli er ti m es ( Fi g ur e 6 ).  A d e cr e as e  w as als o n ot e d f or 5 HI A A i n

n o n-f e d fi s h, b ut n ot f or 5 H T  w h os e l e v els r e m ai ne d el e v ate d ( p < 0. 0 5

vs r es p e cti v e p ost- pr a n di al ti m es of f e d fi s h). I n c o ntr ast, fi s h f e d

n or m all y i n t h e aft er n o o n ( Z T 6) h a d a tr a nsi e nt pr a n di al i n cr e as e i n

t h e c o nt e nts of 5 H T ( M T) a n d 5 HI A A ( M T a n d 3 0  mi n p ost- M T),

w hi c h di d n ot o c c ur i n n o n-f e d fi s h.  T h e p eri pr a n di al pr ofi l e of

5 HI A A/ 5 H T r ati o v al u es i n t h e tel e n c e p h al o n  w as q uit e si mil ar i n
FI G U R E 3

P eri pr a n di al c h a n g e s i n  m R N A a b u n d a n c e  of tr y pt o p h a n h y dr o x yl a s e 1 a n d 2 i n di e n c e p h al o n a n d tr y pt o p h a n h y dr o x yl a s e 2 i n hi n d br ai n  of r ai n b o w

tr o ut  wit h t w o diff er e nt f e e di n g s c h e d ul e s,  m or ni n g ( Z T 2) a n d aft er n o o n ( Z T 6). T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M  of n = 5 fi s h p er gr o u p.

Diff er e nt l ett er s i n di c at e si g ni fi c a nt diff er e n c e s a m o n g ti m e s i n t h e f e d fi s h gr o u p.  A st eri s k s i n di c at e si g ni fi c a nt diff er e n c e s b et w e e n n o n -f e d a n d f e d

fi s h at e a c h s p e ci fi c ti m e ( P < 0. 0 5).
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b ot h c o h orts,  wit h a gr a d u al i n cr e as e u ntil t h e ti m e of f ee di n g (- 3 0 mi n

a n d  M T i n Z T 2;  M T i n Z T 6, p < 0. 0 5 vs. pr e vi o us s a m pli n g p oi nts) a n d

a d e cli n e t o b as al v al u es aft er f e e di n g.  N o n-f e d fi s h l a c k e d t h e i n cr e as e

i n 5 HI A A/ 5 H T r ati o s h o w n f or t h os e fe d at t h e ti m e of f e e di n g.

T h e  m R N A a b u n d a n c e of 5 H T r e c e pt ors ( 5 htr 1 a , 5 htr 2c a n d

5 htr 1 b )  w as  m e as ur e d o nl y at di e n c e p h ali c l e v el (T a bl e 2 ).  T h e

e x pr essi o n of t h e g e n es e v al u at e d di d n ot c h a n g e si g ni fi c a ntl y

t hr o u g h o ut t he p eri pr a n di al peri o d, d es pit e a t e n d e n c y of 5 htr 2c t o

i ncr e as e a n d 5 htr 1 a t o d e cr e as e aft er  M T i n b ot h c o h orts.  N o n-f e d fi s h

s h o w e d 5 htr 2c m R N A a b u n d a n c e pr o fi l e li k e t h at of fe d fi s h i n b ot h

c o h orts, alt h o u g h a d e cr e as e  w as n ot e d at + 2 4 0  mi n i n t h e Z T 2 c o h ort

c o m p ar e d t o f e d fi s h. Li k e wis e, 5 htr 1 b m R N A a b u n d a n c e s h o we d a

d e cr e as e at t h e e n d of t h e s a m pli n g p eri o d i n n o n-fe d fi s h ( + 9 0  mi n,

+ 2 4 0  mi n, p < 0. 0 5 vs. fe d fi s h) fr o m b ot h Z T 2 a n d Z T 6 c o h orts.
4  Di s c u s si o n

4. 1 F e e di n g i n fl u e n c e  o n  m R N A l e v el s  of
n e ur o p e pti d e s i n  di e n c e p h al o n

T his st u d y r e p orts p eri pr a n di al pr o fi l es i n  m R N A a b u n d a n c e of

f o o d i nt a k e-r el at e d n e ur o p e pti d es i n c o n c ert  wit h s er ot o n er gi c
Fr o nti er s i n E n d o cri n ol o g y 0 8
a cti vit y i n t h e r ai n b o w t r o ut b r ai n.  T h e c h a n g e s f o u n d i n

di e n c e p h ali c  n e u r o p e pti d e s a r e c o n si st e nt  wit h t h e r ol e

c o m m o nl y attri b ut e d t o t h e m i n t h e r e g ul ati o n of f o o d i nt a k e i n

t el e ost fi s h.  T h us, t h e hi g h est  m R N A a b u n d a n c e of t h e or e xi g e ni c

n e ur o p e pti d es ( n p y a n d a gr p 1 ) o c c urr e d b ef or e  M T, d e cr e asi n g

s h ortl y aft er f e e di n g t h e fi s h, r e g ar dl ess of  w h et h er t h e y  w er e f e d i n

t h e  m or ni n g or i n t h e aft er n o o n.  M e a n w hil e,  m R N A l e v els of t h e

a n or e xi g e ni c n e ur o p e pti d e p o mc a 1 i n cr e as e d si g nifi c a ntl y at  M T

a n d r e m ai n e d el e v at e d f or t h e n e xt f o ur h o urs. I n c o ntr ast, crf b

s h o w e d a t e n d e n c y t o d e cr e as e aft er f o o d i nt a k e,  w h er e as n o

p eri pr a n di al c h a n g es  w er e f o u n d i n c art pt, s o t h e i n v ol v e m e nt of

t h es e t w o n e ur o p e pti d es i n t h e c o ntr ol of r o uti n e f o o d i nt a k e s e e ms

t o b e of l ess r el e v a n c e.

T h e lit er at ur e i n s al m o ni ds p oi nts t o  N P Y as a s h ort-t er m

a p p etit e r e g ul at or, us u all y as a h u n g er si g n al ( 4 2 – 4 4 ). I n r ai n b o w

tr o ut, tr e at m e nt (i c v)  wit h  N P Y d os e- d e p e n d e ntl y i n cr e as e d f o o d

i nt a k e at 2 t o 3 h o urs (4 5 ), s u p p orti n g a n or e xi g e ni c r ol e. I n r el ati o n

t o  m e alti m e, br ai n e x pr essi o n of n p y h as b e e n s h o w n t o fl u ct u at e

wi d el y,  wit h i n cr e as es o c c urri n g  mi n ut es b ef or e  m e alti m e e v e n

w h e n diff er e nt f e e di n g fr e q u e n ci es ar e s c h e d ul e d t hr o u g h o ut t h e

d a y ( 4 6 ). I n t h e s a m e li n e, i n cr e as es i n n p y m R N A l e v els i n t h e

h y p ot h al a m us of tr o ut aft er 3  w e e ks of f asti n g h a v e b e e n r e p ort e d

(4 7 ).  O ur d at a ar e c o nsist e nt  wit h t h e or e xi g e ni c r ol e of  N P Y i n
FI G U R E  4

P eri pr a n di al c h a n g e s a n d eff e ct s  of f a sti n g i n t h e l e v el s  of s er ot o ni n ( 5 H T) a n d 5 - h y dr o x yi n d ol e a c eti c a ci d ( 5 HI A A), a n d t h e 5 HI A A/ 5 H T r ati o i n t h e

di e n c e p h al o n  of r ai n b o w tr o ut  wit h t w o diff er e nt f e e di n g s c h e d ul e s,  m or ni n g ( Z T 2) a n d aft er n o o n ( Z T 6). T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M

of n = 1 0 fi s h p er gr o u p.  Diff er e nt l ett er s i n di c at e si g ni fi c a nt diff er e n c e s a m o n g ti m e s i n t h e f e d fi s h gr o u p.  A st eri s k i n di c at e s si g ni fi c a nt diff er e n c e s

b et w e e n n o n -f e d a n d f e d fi s h at e a c h s p e ci fi c ti m e ( P < 0. 0 5).
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r ai n b o w tr o ut as a hi g h er a b u n d a n c e of h y p ot h al a mi c n p y m R N A

w as f o u n d pr e pr a n di all y i n b ot h  m or ni n g ( Z T 2) a n d aft er n o o n

( Z T 6) f e d fi s h,  wit h s m all er diff er e n c es l at er.  T h us, n p y tr a ns cri pt

l e v els d e cr e as e s h ar pl y 9 0  mi n b ef or e  M T i n t h e  m or ni n g, b ut

3 0  mi n aft e r  M T i n t h e aft e r n o o n, p e r h a p s r e fl e cti n g t h e

i nt erf er e n c e b et w e e n d ail y fl u ct u ati o ns i n p e pti d e tr a ns cri pti o n

a n d f e e di n g-r el at e d c h a n g es. I n d e e d,  w e pr e vi o usl y r e p ort e d t h at

n p y m R N A l e v els i n tr o ut ar e hi g h est d uri n g t h e s e c o n d h alf of t h e

ni g ht gr a d u all y d e cr e asi n g u ntil t h e o ns et of t h e li g ht p h as e ( 3 7 ).

C o ns e q u e ntl y, t h e hi g h tr a ns cri pt l e v els o bs er v e d i n t h e  m or ni n g,

i. e., 9 0  mi n b ef or e  M T ( 3 0  mi n aft er t ur ni n g o n t h e li g hts) c o ul d

r efl e ct t h at n p y m R N A a b u n d a n c e  w as still d e cr e asi n g t o w ar d b as al

at t h e ti m e t h e fi s h  w er e f e d ( 2 h aft er t ur ni n g o n t h e li g hts), a n

eff e ct t h at  w as n ot f o u n d i n fi s h f e d i n t h e aft er n o o n.  M e a n w hil e,

n o n-f e d fi s h fr o m b ot h c o h orts di d n ot s h o w a p ost pr a n di al

d e cr e as e i n n p y m R N A l e v els b ut e v e n a n i n c r e as e (i n t h e

m or ni n g)  w as f o u n d c o m p ar e d t o pr e pr a n di al v al u es.  T his is i n

li n e  wit h ot h er fi s h s p e ci es i n  w hi c h n p y m R N A a b u n d a n c e u p-

r e g ul at es i n t h e h y p ot h al a m us of f o o d- d e pri v e d fi s h (4 8 – 5 0 ).

F urt h er m or e, i n f e d tr o ut t h e d e cr e as e i n n p y e x pr essi o n i n t h e

di e n c e p h al o n aft er f e e di n g is si m ult a n e o us  wit h t h e i n cr e as e i n

bl o o d gl u c os e l e v els,  w hi c h  w as n ot o bs er v e d i n f ast e d fi s h.  T his is

c o nsist e nt  wit h t h e r ol e of  N P Y- c o nt ai ni n g h y p ot h al a mi c n e ur o ns
Fr o nti er s i n E n d o cri n ol o g y 0 9
i n s e nsi n g  m et a b oli c st at e (i. e., gl u c os e l e v els), as pr e vi o usl y

r e p ort e d f or tr o ut (5 1 ) a n d a n ot h er t el e ost (5 2 – 5 4 ).

F e e di n g als o i n fl u e n c e d a gr p 1 g e n e e x pr essi o n,  wit h el e v at e d

l e v els of t h e tr a ns cri pt pri or t o  M T a n d a d e cr e as e s h ortl y aft er t h e

m e al.  T his fl u ct u ati o n s u g g ests t h at a gr p 1 h as a n or e xi g e ni c r ol e i n

r ai n b o w tr o ut, c o nsist e nt  wit h ot h er s al m o ni ds s u c h as  Atl a nti c

s al m o n (5 5 ) a n d c o h o s al m o n (5 6 ).  M e a n w hil e, a gr p 1 m R N A

a b u n d a n c e i n f ast e d tr o ut r e m ai n e d tr a nsi e ntl y el e v at e d ( 3 0  mi n

aft er f e e di n g) a n d d e cr e as e d t h er e aft er.  T his i n cr e as e i n f asti n g

c o n diti o n a gr e es  wit h t h at r e p ort e d i n  Atl a nti c s al m o n d e pri v e d of

f o o d f or t hr e e d a ys (5 5 ), alt h o u g h i n ot h er t el e osts  m or e d a ys of

f o o d d e pri v ati o n s e e m t o b e n e c ess ar y f or t his i n cr e as e t o b e

o bs er v e d ( 5 0 , 5 7 , 5 8 ).  C h a n g es i n a gr p 1 m R N A a b u n d a n c e  w er e

si mil ar i n t h e  m or ni n g a n d aft er n o o n c o h orts, s u g g esti n g t h at

a c cli m ati o n t o a p arti c ul ar f e e di n g s c h e d ul e d o es n ot d et er mi n e

t h e e x pr essi o n pr ofi l e of t his p e pti d e i n r ai n b o w tr o ut.  H o w e v er, as

f or n p y , b as al l e v el of a gr p 1 m R N A a b u n d a n c e  w as hi g h er i n t h e

e arl y  m or ni n g t h a n i n t h e aft er n o o n, c o nsist e nt  wit h p e pti d e

e x pr essi o n b ei n g aff e ct e d b y cir c a di a n fl u ct u ati o ns, as pr e vi o usl y

r e p ort e d (3 7 ).

T h e  m el a n o c orti n s yst e m s e e ms t o b e a k e y pl a y er i n t h e

r e g ul ati o n of e n er g y b al a n c e i n fi s h (5 9 ). P O M C n e ur o ns h a v e

b e e n f o u n d i n t h e h y p ot h al a m us of g ol d fi s h b y i n sit u h y bri di z ati o n
FI G U R E 5

P eri pr a n di al c h a n g e s a n d eff e ct s  of f a sti n g i n t h e l e v el s  of s er ot o ni n ( 5 H T) a n d 5 - h y dr o x yi n d ol e a c eti c a ci d ( 5 HI A A), a n d t h e 5 HI A A/ 5 H T r ati o i n t h e

hi n d br ai n  of r ai n b o w tr o ut  wit h t w o diff er e nt f e e di n g s c h e d ul e s,  m or ni n g ( Z T 2) a n d aft er n o o n ( Z T 6). T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M  of

n = 1 0 fi s h p er gr o u p.  Diff er e nt l ett er s i n di c at e si g ni fi c a nt diff er e n c e s a m o n g ti m e s i n t h e f e d fi s h gr o u p.  A st eri s k i n di c at e s si g ni fi c a nt diff er e n c e s

b et w e e n n o n -f e d a n d f e d fi s h at e a c h s p e ci fi c ti m e ( P < 0. 0 5).
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FI G U R E  6

P eri pr a n di al c h a n g e s a n d eff e ct s  of f a sti n g i n t h e l e v el s  of s er ot o ni n ( 5 H T) a n d 5 - h y dr o x yi n d ol e a c eti c a ci d ( 5 HI A A), a n d t h e 5 HI A A/ 5 H T r ati o i n t h e

t el e n c e p h al o n  of r ai n b o w tr o ut  wit h t w o diff er e nt f e e di n g s c h e d ul e s,  m or ni n g ( Z T 2) a n d aft er n o o n ( Z T 6). T h e r e s ult s ar e s h o w n a s t h e  m e a n  ± S E M

of n = 1 0 fi s h p er gr o u p.  Diff er e nt l ett er s i n di c at e si g ni fi c a nt diff er e n c e s a m o n g ti m e s i n t h e f e d fi s h gr o u p.  A st eri s k i n di c at e s si g ni fi c a nt diff er e n c e s

b et w e e n n o n -f e d a n d f e d fi s h at e a c h s p e ci fi c ti m e ( P < 0. 0 5).
T A B L E 2  P eri pr a n di al c h a n g e s i n  m R N A a b u n d a n c e  of  di e n c e p h ali c s er ot o ni n r e c e pt or s  of r ai n b o w tr o ut  n or m all y f e d at t w o  diff er e nt  d ail y ti m e s

( m or ni n g,  Z T 2, a n d aft er n o o n,  Z T 6)  or  u nf e d.

Ti m e ( mi n
r el ati v e t o
M T)

M or ni n g ( fi s h f e d at Z T 2) Aft er n o o n ( fi s h f e d at Z T 6)

- 9 0 - 3 0  M T  + 3 0  + 9 0  + 2 4 0 - 9 0 - 3 0  M T  + 3 0  + 9 0  + 2 4 0

5 htr 1 a

F e d
0. 0 5 9 ±

0. 0 1 0

0. 0 4 2 ±

0. 0 0 4

0. 0 3 5 ±

0. 0 1 2

0. 0 3 7 ±

0. 0 0 0 1

0. 0 3 2 ±

0. 0 1 0

0. 0 3 4 ±

0. 0 0 7

0. 0 4 5 ±

0. 0 0 8

0. 0 3 3 ±

0. 0 1 0

0. 0 3 6 ±

0. 0 0 7

0. 0 2 8 ±

0. 0 0 8

0. 0 4 0 ±

0. 0 1 0

0. 0 4 1 ±

0. 0 1 3

U nf e d –
0. 0 3 7 ±

0. 0 1 8

0. 0 4 4 ±

0. 0 1 1

0. 0 5 1 ±

0. 0 1 1

0. 0 2 9 ±

0. 0 0 5
– –

0. 0 4 2 ±

0. 0 0 7

0. 0 4 4 ±

0. 0 0 9

0. 0 4 3 ±

0. 0 0 8

0. 0 3 5 ±

0. 0 0 5

5 htr 2c

F e d
0. 0 4 2 ±

0. 0 0 6

0. 0 4 1 ±

0. 0 1 3

0. 0 4 1 ±

0. 0 1 3

0. 0 6 4 ±

0. 0 1 4

0. 0 6 8 ±

0. 0 2 5

0. 0 5 4 ±

0. 0 1 5

0. 0 4 6 ±

0. 0 0 8

0. 0 4 2 ±

0. 0 1 2

0. 0 4 0 ±

0. 0 0 5

0. 0 5 9 ±

0. 0 1 3

0. 0 6 2 ±

0. 0 1 2

0. 0 5 8 ±

0. 0 1 5

U nf e d – –
0. 0 2 6 ±

0. 0 0 9

0. 0 4 9 ±

0. 0 1 4

0. 0 6 0 ±

0. 0 1 2

0. 0 2 3 ±

0. 0 0 5

*

– –
0. 0 3 8 ±

0. 0 0 9

0. 0 6 4 ±

0. 0 0 9

0. 0 5 9 ±

0. 0 1 3

0. 0 5 9 ±

0. 0 1 6

5 htr 1 b

F e d
0. 1 2 9 ±

0. 0 3 1

0. 0 9 6 ±

0. 0 1 2

0. 0 8 1 ±

0. 0 2 5

0. 0 5 2 ±

0. 0 2 1

0. 0 5 8 ±

0. 0 2 4

0. 0 4 5 ±

0. 0 0 7

0. 1 1 2 ±

0. 0 1 5

0. 0 6 3 ±

0. 0 1 3

0. 0 8 9 ±

0. 0 1 0

0. 0 9 8 ±

0. 0 3 0

0. 1 2 6 ±

0. 0 3 0

0. 1 0 9 ±

0. 0 3 0

U nf e d – –
0. 0 6 2 ±

0. 0 2 3

0. 0 7 3 ±

0. 0 1 7

0. 0 1 2 ±

0. 0 0 4 *

0. 0 0 2 ±

0. 0 0 1

*

– –
0. 1 1 6 ±

0. 0 2 7

0. 1 1 1 ±

0. 0 4 7

0. 0 5 2 ±

0. 0 1 8

*

0. 0 1 2 ±

0. 0 0 5

*

F
r o nti er s i n E n d o cri
 n ol o g y 1 0
 fr o n
Ast eris ks i n di c at e si g ni fi c a nt diff er e n c es b et w e e n n o n-f e d a n d f e d fi s h at e a c h s p e cifi c ti m e ( P < 0. 0 5).  T h e r es ults ar e s h o w n as t h e  m e a n ± S E M of n = 6 fi s h p er gr o u p.
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(5 9 ),  w hil e tr a ns cri pts of t h e p e pti d e h a v e als o b e e n d et e ct e d i n t h e

hi n d br ai n of r ai n b o w tr o ut ( 5 1 ).  Tr e at m e nts  wit h P O M C- d eri v e d

p e pti d es, i. e., a - M S H or dr u gs a cti n g o n t h e  M C 4 R cl e arl y s u p p ort

t h at P O M C pl a ys a n i n hi bit or y r ol e i n f o o d i nt a k e (6 , 5 7 ).  C h a n g es

i n P O M C tr a ns cri pt c o nt e nt d uri n g f e e di n g ar e r el ati v el y c o nsist e nt

i n s al m o ni ds, i n cl u di n g t h e r ai n b o w tr o ut  w h er e p o mc a 1 tr a ns cri pt

l e v els i n cr e as e d aft er f e e di n g (4 7 ) a n d r es p o n d t o i n cr e as e d gl u c os e

l e v els (5 1 ).  H o w e v er, f asti n g-r el at e d c h a n g es ar e  m or e i n c o nsist e nt

a cr oss s p e ci es a n d ti m e ( 5 5 , 6 0 ). I n r ai n b o w tr o ut, diff er e nti al

r es p o ns es i n P O M C tr a ns cri pt v ari a nts t o f asti n g  w er e r e p ort e d,

wit h p o mc a 1 b ei n g t h e o nl y aff e ct e d aft er 2 8- d a ys f o o d d e pri v ati o n

(6 1 ).  O ur d at a a gr e e  wit h t h e pr e vi o us st u di es a n d s h o w a n i n cr e as e

i n p o mc a 1 m R N A a b u n d a n c e at  M T a n d p ost pr a n di all y ( + 3 0 a n d

+ 9 0  mi n).  M e a n w hil e, n o n-f e d tr o ut s h o w e d n o s u c h i n cr e as e,

s u g g e sti n g t h at f e e di n g - r e l at e d si g n al s r a pi dl y i nfl u e n c e

h y p ot h al a mi c e x pr essi o n of p o mc a 1 i n r ai n b o w tr o ut.

P ost pr a n di al i n cr e as es i n c art pt m R N A a b u n d a n c e h a v e b e e n

d es cri b e d i n  Atl a nti c s al m o n ( 6 0 ), g ol dfi s h (6 2 ), a n d c atfi s h (6 3 ),

a m o n g ot h er t el e ost s p e ci es, s u g g esti n g t h at t his p e pti d e a cts as a

s h ort-t er m s ati et y si g n al (6 ).  H o w e v er, d at a i n r ai n b o w tr o ut ar e

s c ar c e.  T his st u d y s h o ws t h at c art pt m R N A l e v els r e m ai n e d

u n c h a n g e d ar o u n d t h e ti m e of f e e di n g,  w h er e as t h e y i n cr e as e d

d uri n g t h e p ost pr a n di al p h as e i n tr o ut t h at di d n ot r e c ei v e f o o d.

T h er e ar e n o cl e ar r e as o ns t o e x pl ai n t his dis cr e p a n c y, alt h o u g h it

h as b e e n s u g g est e d t h at pr a n di al c h a n g es i n t his p e pti d e c o ul d b e

s p e cifi c t o t h e diff er e nt c art pt g e n es i d e nti fi e d i n t el e osts ( 6 4 , 6 5 ).

E v e n, a diff er e nt r ol e of t h e p e pti d e i n t h e s h ort a n d l o n g t er m h as

b e e n s u g g est e d i n s o m e s p e ci es ( 6 6 , 6 7 ).  O ur pr es e nt d at a d o n ot

s u p p ort a n i n hi bit or y r ol e of  C A R T i n f o o d i nt a k e, b ut n eit h er c a n it

b e r ul e d o ut t h at t his p e pti d e a cts as a h u n g er si g n al u n d er f asti n g

c o n diti o ns,  w hi c h c o ul d b e r el at e d t o f or a gi n g ( 6 8 ).

C R F h as b e e n p oi nt e d as a n e g ati v e r e g ul at or of f o o d i nt a k e i n

t el e o st. I n r ai n b o w t r o ut, st u di e s s h o w e d t h at c e nt r al  C R F

tr e at m e nts sti m ul at e t h e h y p ot h al a mi c- pit uit ar y-i nt err e n al ( H PI)

a xis t o i n d u c e gl u c o c orti c oi d (i. e., c ortis ol) s e cr eti o n,  w hi c h is

f urt h er ass o ci at e d  wit h a n or e cti c eff e cts (3 2 , 3 4 , 6 9 ). H o w e v er,

pr a n di al c h a n g es i n crf m R N A l e v els ar e s c ar c el y k n o w n i n

s al m o ni ds a n d i n g e n er al i n t el e ost,  w h er e as f asti n g d e cr e as e d

br ai n e x pr essi o n l e v els i n ot h er fi s h s p e ci es (7 0 , 7 1 ). I n o ur st u d y,

crf b m R N A a b u n d a n c e e nri c h e d b ef or e t h e  m e al a n d d o w n-

r e g ul at e d  wit h t h e  m e al ( Z T 2 a n d  Z T 6),  w hi c h is n ot cl e arl y

c o nsist e nt  wit h a n a n or e xi g e ni c r ol e of t his p e pti d e. F urt h er m or e,

f ast e d fi s h di d n ot h a v e s u c h a p ost pr a n di al dr o p i n crf b, b ut a n

i n cr e as e  w as o bs er v e d i n  Z T 2-f e d tr o ut. Si n c e c h a n g es i n  C R F ar e

oft e n r el at e d t o fl u ct u ati o ns i n  H PI a xis a cti vit y, c ortis ol l e v els i n

p eri pr a n di al ti m es  w er e  m e as ur e d.  W e f o u n d a n i n cr e as e i n c ortis ol

l e v els b ef or e f e e d i nt a k e i n tr o ut  Z T 6-f e d tr o ut,  w hi c h  w as n ot

e vi d e nt i n t h os e f e d at  Z T 2 pr o b a bl y d u e t o i nt erf er e n c e fr o m

el e v at e d c ortis ol l e v els t h at i n t his s p e ci es o c c ur at t h e e n d of t h e

ni g ht ( 7 2 ). I n a d diti o n, c ortis ol v al u es d e cr e as e d p ost pr a n di all y i n

b ot h f e d c o h orts, b ut n ot i n t h e u nf e d fi s h.  T h es e d at a s u g g est t h at

bl o o d c ortis ol l e v els c o ul d b e aff e ct e d b y f e e di n g, i n cr e asi n g d uri n g

m e alti m e i n f e d fi s h, a n d aft er  m e alti m e i n fi s h n ot f e d at t h e

e x p e ct e d ti m e.  T his is c o nsist e nt  wit h ot h er st u di es s h o wi n g t h at t h e

a cti vit y of  H PI a xi s u p-r e g ul at e s d u ri n g p e ri o d s of f a sti n g,
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i n cr e asi n g cir c ul ati n g c ortis ol l e v els (7 3 , 7 4 ).  T a k e n t o g et h er, o ur

d at a pr o vi d e a si mil ar pi ct ur e d uri n g i m m e di at e f asti n g,  w hi c h

c o ul d b e i nt er pr et e d as a n a cti v ati o n of t h e ( e u)str ess r es p o ns e

li n k e d t o a n al ert b ef or e t h e arri v al of f o o d or t o f o o d s e e ki n g  w h e n

it d o es n ot arri v e at t h e e x p e ct e d ti m e.
4. 2  P eri pr a n di al c h a n g e s  of s er ot o n er gi c
a cti vit y i n  br ai n

I n v ert e br at es, d e p ol ari z atio n of s er ot o n er gi c n e ur o ns is

a s s o ci at e d  wit h i n c r e a s e d 5 H T s y nt h e si s t o r e pl e ni s h t h e

n e ur otr a ns mitt er i n n er v e t er mi n als.  T his pr o c ess i n v ol v es t h e

a cti v ati o n of  T P H, t h e li miti n g e n z y m e of 5 H T s y nt h esis ( 1 2 ).

T w o  T P H is of or ms,  T P H 1 a n d  T P H 2,  wit h diff er e nt c at al yti c

s p e cifi cit y a n d s u bstr at e affi nit y ( 7 5 ) ar e k n o w n i n v ert e br at es.

T h er e is e vi d e n c e t h at  m a m m ali a n t p h 1 m R N A is distri b ut e d i n

p eri p h er al tiss u es a n d t h e pi n e al gl a n d,  w h er e as t p h 2 e x pr essi o n is

m ai nl y r estri ct e d t o t h e r a p h e n u cl ei of t h e br ai nst e m ( 7 6 , 7 7 ).

H o w e v er, i n fi s h, t h e c e ntr al s er ot o n er gi c s yst e m e xt e n ds t o ot h er

br ai n str u ct ur es, i n cl u di n g h y p ot h al a mi c a n d pr et e ct al ar e as ( 2 6 ,

7 7 ). I n r ai n b o w tr o ut,  w e h a v e r e c e ntl y r e p ort e d t h at b ot h f or ms of

t p h ar e e x pr ess e d i n t h e c e ntr al n er v o us s yst e m ( 2 7 ), al b eit  wit h

i m p ort a nt t o p o gr a p hi c al diff er e n c es.  W h er e as t h e  m aj or pr es e n c e of

t p h 2 is f o u n d i n t h e r a p h e a n d r eti c ul ar f or m ati o n of t h e hi n d br ai n,

b ot h t p h 1 a n d t p h 2 e xist i n t h e di e n c e p h ali c n u cl ei,  wit h t p h 1

r estri ct e d t o t h e h y p ot h al a mi c ar e a.  O ur pr es e nt d at a ar e c o nsist e nt

wit h t h e pr es e n c e of b ot h is of or ms i n t h e di e n c e p h al o n,  w h er e as

t p h 2 m R N A tr a ns cri pts  w er e o nl y d et e ct e d i n t h e hi n d br ai n.

E x pr essi o n l e v els of t p h w er e n e gli gi bl e i n t h e t el e n c e p h al o n,

c o nsist e nt  wit h t h e a bs e n c e of 5 H T- pr o d u ci n g c ells i n f or e br ai n

ar e as ( 2 7 ).

I n t his st u d y, si g nifi c a nt p eri pr a n di al c h a n g es i n 5 H T c o nt e nt

w er e n oti c e d i n br ai n r e gi o ns of r ai n b o w tr o ut t h at ar e k e y i n

f e e di n g r e g ul ati o n. I n b ot h t h e hi n d br ai n a n d di e n c e p h al o n, 5 H T

c o nt e nt i n cr e as e d s h ortl y aft er f e e di n g i n f e d fi s h, b ut n ot i n n o n-f e d

fi s h, i n  w hi c h 5 H T c o nt e nt  w as l o w er. I n a d diti o n, a p ost pr a n di al

i n cr e as e i n 5 HI A A l e v els i n t h e di e n c e p h al o n ( 3 0 a n d 9 0  mi n aft er

f e e di n g)  w as o bs er v e d i n b ot h  m or ni n g a n d aft er n o o n f e d fi s h,

w hi c h  w as i nt er pr et e d as a n i n cr e as e d utili z ati o n of 5 H T ass o ci at e d

wit h t h e p ost pr a n di al p eri o d.  Di e n c e p h ali c s er ot o n er gi c a cti v ati o n

is als o s u p p ort e d b y a hi g h er a b u n d a n c e of t p h 1 m R N A, t h e  m ost

pr e v al e nt  T P H is of or m i n t his r e gi o n. I n c o ntr ast, t p h 2 m R N A

l e v els d e cr e as e d aft er t h e  m e al, alt h o u g h e x pr essi o n l e v els of t his

e n z y m e i n t h e di e n c e p h al o n  w er e v er y l o w, s u g g esti n g t h at its

c o ntri b uti o n t o s er ot o n er gi c f u n cti o n alit y is r estri ct e d.  O v er all, t h e

c h a n g es i n di e n c e p h ali c s er ot o n er gi c a cti vit y a gr e e  wit h pr e vi o us

p h ar m a c ol o gi c al st u di es i n r ai n b o w tr o ut i n  w hi c h i n cr e as es i n

c e ntr al 5 H T ( 2 9 , 3 3 , 6 9 )  w er e ass o ci at e d  wit h i n hi biti o n of f o o d

i nt a k e.  O ur d at a s u g g est t h at t h e i n hi bit or y r ol e of 5 H T o c c urs at a

ti m e aft er f e e di n g, i. e., t h e a mi n e  m a y a ct as a s ati et y si g n al.  T h e f a ct

t h at n o n-f e d fi s h s h o w e d n o alt er ati o ns i n p eri pr a n di al 5 H T l e v els

a n d h a d a l ess c o nsist e nt p ost pr a n di al i n cr e as e i n 5 HI A A l e v els

t h a n f e d fi s h f urt h er s u p p orts t h e f u n cti o n al i n v ol v e m e nt of 5 H T i n

p ost pr a n di al s ati et y.
fr o nti er si n. or g
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T h e r el e as e of  m o n o a mi ner gic ne ur otr a ns mitt ers i nt o t h e s y n a ptic

cl eft o c c urs i n dis cr ete b ursts a n d t h e a mi ne is t he n r e u pt a k e n i nt o t he

t er mi n als a n d  m et a b oli z e d.  C o ns e q u e ntl y, s h ort-t er m c h a n g es i n tiss u e

c o nte nts of 5 H T a n d 5 HI A A r es p o n d t o alt er ati o ns i n n e ur o n al r el e as e,

wit h t h e 5 HI A A/ 5 H T r ati o b ei n g c o nsi d er e d a v al u a bl e p ar a meter t o

d e fi n e s y n a pti c  m o bili z ati o n of t h e n e ur otr a ns mitt er ( 4 0 , 7 8 , 7 9 ).

H o w e v er, n e ur o n al t ur n o v er d e p e n ds o n t he i n fl u e n c e of s e v er al

p ar a m et ers, s u c h as ne ur otr a ns mitter s y nt hesis, tr a ns p ort, r e u pt a k e,

a n d d e gr a d ati o n,  w hi c h c o ul d b e r e g ul at e d i n d e p e n d e ntl y.  T h us,

n e ur o n al a cti v ati o n  m a y r es ult i n si m ult a n e o us i n cr e as es or d ecr e as es

i n 5 H T a n d 5 HI A A c o nt e nts t h at d o n ot tr a nsl at e i nt o r ati o alt er ati o ns,

s o c h a n g es i n t h es e p ar a m et ers s h o ul d be a n al y z e d i n di vi d u all y. I n o ur

st u d y, s er ot o ner gi c a cti vit y  w as ele v at e d at t h e ti m e of f o o d i nt a k e, as

s u g g est e d b y t h e i ncr e as e d v al u es of t h e 5 HI A A/ 5 H T r ati o, t h e n

r e m ai ni n g hi g h f or a l o n g ti m e, as s h o w e d b y e n h a n c e d 5 HI A A

c o nt e nt i n b ot h t h e di e n c e p h al o n a n d hi n d br ai n.  T his s u g g ests t h at

pr a n di al a cti v ati o n of s er ot o n er gi c n e ur o ns is r a pi d a n d q uit e

pr ol o n g e d i n ti m e, p ossi bl y e xt e n di n g i nt o t h e p ost- a bs or pti v e

s ati et y p h as e.

F e e di n g is a c o m pl e x b e h a vi or a l pr o c ess t h at als o aff e cts

f or a gi n g a n d d e v el o ps i n a nti ci p ati o n of t h e n e xt  m e al i n t h e

f or m of i n cr e a s e d  m ot or a cti vit y, s o ci al i nt er a cti o ns, o r t h e

a c c e nt u ati o n of hi er ar c hi es, a m o n g ot h ers ( 8 0 , 8 1 ).  T h e s o- c all e d

m e al a nti ci p at or y a cti vit y is a t y pi c al e x a m pl e of s c h e d ul e d d ail y

pr e-f e e di n g b e h a vi or,  w hi c h i n t el e ost is u n d er cir c a di a n c o ntr ol

(3 8 , 8 2 ). Stri ki n gl y,  w e o bs er v e d t h at eit h er t p h 1 m R N A a b u n d a n c e

( Z T 2 a n d  Z T 6 c o h orts) or t h e 5 HI A A/ 5 H T r ati o ( Z T 2 c o h ort)

i n cr e as e d b ef or e t h e ti m e of f e e di n g (- 3 0  mi n, c o m p ar e d t o pr e vi o us

v al u es), s u g g esti n g t h at di e n c e p h ali c s er ot o n er gi c a cti vit y alr e a d y

i n cr e as es b ef or e t h e fi s h r e c ei v es f o o d.  T h es e r es ults ar e n o v el

r el ati v e t o p r e vi o u s p h a r m a c ol o gi c al st u di e s a n d p oi nt t o

di e n c e p h ali c 5 H T b ei n g i n v ol v e d n ot o nl y i n t h e c ess ati o n of

f e e di n g, b ut als o i n its i niti ati o n.  O ur d at a p oi nt t o a p ossi bl e

cir c a di a n i n fl u e n c e dri vi n g a n i n cr e as e i n s er ot o n er gi c a cti vit y pri or

t o f e e di n g; h o w e v er, t h e n o n-i n cl usi o n of a r a n d o ml y f e d gr o u p i n

t h e st u d y pr e cl u d es dr a wi n g c o n cl usi o ns i n t his r e g ar d.  T h er e is als o

n o pr e vi o us i nf or m ati o n li n ki n g t h e pr e pr a n di al i n cr e as e i n

h y p ot h al a mi c s e r ot o n e r gi c a cti vit y t o ot h e r f e e di n g- r el at e d

b e h a vi ors.  H o w e v er, a d mi nistr ati o n of e n h a n c ers of 5 H T er gi c

a cti vit y r es ults i n i n cr e as e d l o c o m ot or a cti vit y i n z e br a fi s h (8 3 ),

w hil e br ai n 5 H T is i n v ol v e d i n c o m pl e x s o ci al pr o c ess es, s u c h as

hi er ar c h y f or m ati o n, a g gr essi o n, a n d s o ci al d ef e at ( 8 4 ),  w hi c h  m a y

b e e x a c er b at e d pri or t o f e e di n g  w h e n a ni m als ar e  m ost a cti v e. I n

c a v e fi s h, it h as b e e n pr o p os e d t h at t w o n ei g h b ori n g h y p ot h al a mi c

p o p ul ati o ns of s er ot o n er gi c n e ur o ns pl a y dissi mil ar r ol es, o n e

r el at e d t o s ati et y a n d t h e ot h e r  m o d ul ati n g f o r a gi n g a n d

a g gr essi o n ( 8 5 , 8 6 ),  wit h t h es e b e h a vi ors li k el y t o b e e n h a n c e d

pri or t o f e e di n g.  T h er ef or e, it is p ossi bl e t h at s er ot o n er gi c n e ur o ns

at di e n c e p h ali c l o c ati o ns ar e i n v ol v e d i n pr e-f e e di n g b e h a vi or i n

t el e ost fi s h, alt h o u g h t h e s p e cifi c  m e c h a nis ms ar e u n k n o w n.

S er ot o n er gi c a cti vit y i n t h e hi n d br ai n als o i n cr e as e d b ef or e t h e

m e al ( Z T 2-f e d fi s h) or d uri n g t h e  m e al ( Z T 6-f e d fi s h), s h o wi n g

i n cr e as e d l e v els of 5 HI A A a n d/ or a n i n cr e as e d 5 HI A A/ 5 H T r ati o.

I n a d diti o n, t p h 2 m R N A a b u n d a n c e  w as si g ni fi c a ntl y i n cr e as e d i n
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t h e hi n d br ai n d uri n g t h e p ost pr a n di al p h as e.  T his r e gi o n c o nt ai ns

cl ust ers of n e ur o ns h o m ol o g o us t o  m a m m ali a n r a p h e n u cl ei,  w hi c h

i nt e ns el y e x pr ess t p h 2 tr a ns cri pts (2 7 ).  T P H 2 e n z y m e a cti vit y is

k n o w n t o b e  m or e s us c e pti bl e t o b e i n fl u e n c e d b y s u bstr at e

a v ail a bilit y t h a n  T P H 1 ( 8 7 ), s o tr y pt o p h a n i nfl u x d uri n g f e e di n g

c o ul d l e a d t o i n cr e as e d 5 H T s y nt h esis at sit es  wit h el e v at e d  T P H 2

a cti vit y, s u c h as  m a m m ali a n r a p h e n u cl ei ( 7 6 ) or t h e hi n d br ai n of

fi s h (1 5 ). S er ot o n er gi c n e ur o ns i n t h e t el e ost r a p h e r e gi o n pr oj e ct

e xt e n si v el y t o h y p ot h al a mi c a r e a s ( 7 7 ),  m a ki n g t hi s r e gi o n

s us c e pti bl e t o alt er ati o ns i n 5 H T r el at e d t o s u bstr at e a v ail a bilit y.

T h er ef or e, f o o d a n d t h e r es ulti n g i n cr e as e i n tr y pt o p h a n a v ail a bilit y

c o ul d als o aff e ct h y p ot h al a mi c 5 H T c o nt e nt a n d r el e as e t hr o u g h its

eff e cts o n 5 H T bi os y nt h esis i n n e ur o n al pr oj e cti o ns ori gi n ati n g

fr o m t h e r a p h e.  T h us, o ur d at a ar e c o nsist e nt  wit h a p ossi bl e

c o nt ri b uti o n of 5 H T f r o m r a p h e n e u r o n s t o h y p ot h al a mi c

pr oj e cti o ns,  w hi c h c o ul d b e r estri ct e d t o t h e p ost pr a n di al ti m e

w h e n 5 H T is i n v ol v e d i n t h e c ess ati o n of f o o d i nt a k e.

T h e p r oj e cti o n s of d o r s al a n d v e nt r al 5 H T  n e u r o n al

p o p ul ati o ns fr o m t h e hi n d br ai n a n d di e n c e p h al o n r e a c h disti n ct

f or e br ai n gr o u ps.  T h e c h a n g es d et e ct e d i n o ur st u d y i n s er ot o n er gi c

p ar a m et ers i n t h e t el e n c e p h al o n  w er e r el ati v el y disti n ct fr o m t h os e

f o u n d i n t h e di e n c e p h al o n.  W hil e f o o d i nt a k e  w as f oll o w e d ( 0 a n d

3 0  mi n) b y hi g h er l e v els of 5 H T a n d 5 HI A A i n t h e aft er n o o n-f e d

fi s h, a n i n cr e as e i n t h e 5 HI A A/ 5 H T r ati o  w as als o e vi d e nt at t h e

ti m e of f e e di n g, b ut n ot b ef or e f e e di n g, i n t h e  m or ni n g-f e d fi s h.

N o n-f e d fi s h di d n ot s h o w s u c h a n i n cr e as e, s o it a p p e ars t h at

m e alti m e- ass o ci at e d si g n als tri g g er 5 H T er gi c n e ur o n al a cti v ati o n i n

t his r e gi o n. I n a d diti o n, t h er e  w as a d e cr e as e i n 5 H T er gi c a cti vit y

aft er f e e di n g i n tr o ut t h at at e at t h eir f e e di n g ti m e,  w hi c h di d n ot

a p p e ar i n tr o ut t h at di d n ot r e c ei v e f o o d.  T h es e d at a r ul e o ut a r ol e

f or t el e n c e p h ali c 5 H T as a s ati et y-r el at e d si g n al, alt h o u g h it  m a y

h a v e a r ol e i n t h os e n ot r e c ei vi n g f o o d at t h e e x p e ct e d ti m e. S e v er al

5 H T r e c e pt ors s u c h as t h e s u bt y p es 5 H T 2 A , 5 H T1 A , 5 H T1 B a n d

5 H T 2 C ar e e x pr ess e d i n fi s h f or e br ai n, i m pli c ati n g t h e a mi n e i n

diff er e nt p h ysi ol o gi c al pr o c ess es ( 8 8 ).  O ur r es ults s u p p ort a r ol e of

5 H T i n t h e f or e br ai n disti n ct fr o m t h at r el at e d t o s ati et y a n d  m a y

i n cl u d e pr o c ess es s u c h as t h e  m a n a g e m e nt of s e ns or y i nf or m ati o n

r el at e d t o f o o d, l o c o m ot or a cti vit y ass o ci at e d  wit h f or a gi n g or

r el at e d t o t h e r e w a r d s y st e m ( 8 9 ), alt h o u g h t hi s d e s e r v e s

f urt h er i n v esti g ati o n.
4. 3 Li n ki n g c h a n g e s i n  br ai n 5 H T a n d
f e e di n g c o ntr ol

O v er all, t h e s er ot o n er gi c p ar a m et ers a n al y z e d i n o ur st u d y

i n di c at e t h at f e e di n g ti m e i s c o u pl e d  wit h i n c r e a s e d 5 H T

a b u n d a n c e i n s o m at o d e n driti c a n d pr oj e cti o n ar e as h ar b ori n g

n e ur o p e pti d es r el at e d t o r e g ul ati o n of f o o d i nt a k e ( Fi g ur e 7 ).

A d diti o n all y,  w e  m o nit o r e d c h a n g e s i n p e ri p r a n di al  m R N A

a b u n d a n c e of t hr e e 5 H T r e c e pt or s u bt y p es, 5 H T R 1 A , 5 H T R1 B ,

a n d 5 H T R 2 C ,  w hi c h  h a v e b e e n s h o w n i n  m a m m al s t o

pr o mi n e ntl y r e g ul at e f o o d i nt a k e ( 1 0 , 1 1 , 9 0 ).  N o c h a n g es i n 5 H T

r e c e pt or  m R N A a b u n d a n c e  w er e f o u n d i n f e d tr o ut, li miti n g a n y
fr o nti er si n. or g
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c o n cl u si o n s a b o ut a p o s si bl e r el ati o n s hi p  wit h f o o d i nt a k e

r e g ul ati o n at pr a n di al a n d p ost pr a n di al ti m es. I n fi s h,  m e c h a nisti c

st u di es ar e n ot as pr e cis e as i n  m a m m als, b ut tr e at m e nts  wit h 5 H T

or dr u gs t h at sti m ul at e 5 H T er gi c si g n ali n g, s u c h as fl u o x eti n e or d-

f e nfl ur a mi n e, r e d u c e d t h e r at e of f o o d i nt a k e i n g ol d fi s h (2 8 , 3 1 ) a n d

r ai n b o w tr o ut (2 9 , 3 0 ).  As f or t h e 5 H T r e c e pt ors  m e di ati n g t his

a cti o n, t h e  m ost c o nsist e nt r es ults p oi nt t o a n i n v ol v e m e nt of t h e

5 H T R 2 C s u bt y p e,  w h os e a g o nist a cti v ati o n pr o d u c es a d e cr e as e i n

f o o d i nt a k e al o n g  wit h a n i n cr e as e i n p o mc e x pr essi o n i n t h e

h y p ot h al a m us of r ai n b o w tr o ut ( 3 3 , 9 1 ).  T his is i n a gr e e m e nt

wit h  m a m m ali a n d at a,  w h er e P O M C n e ur o ns c o nt ai ns 5 htr 2c

r e c e pt ors  w h os e a cti v ati o n l ar g el y d et er mi n es t h e a n or e cti c eff e ct

of t h e a mi n e. I n o ur st u d y, a r e d u cti o n i n 5 htr 2c m R N A l e v els  w as

f o u n d i n f ast e d c o m p ar e d t o f e d fi s h,  w hi c h  w as v er y l at e ( + 2 4 0

mi n) r el ati v e t o t h e ti mi n g of f e e di n g a n d  w as o bs er v e d o nl y i n t h e

m o r ni n g c o h o rt of fi s h. I n f e d fi s h, s o m e t e n d e n c y f o r a

p ost pr a n di al i n cr e as e  w as f o u n d i n b ot h c o h orts, b ut  wit h o ut

st atisti c al si g nifi c a n c e.  T h er ef or e, t h es e r es ults ar e still t o o  w e a k t o

pr e di ct a n i n v ol v e m e nt of t h es e r e c e pt ors i n t h e r e g ul ati o n of d ail y

f e e d i nt a k e i n r ai n b o w tr o ut,  w hi c h r e q uir es f urt h er st u di es.

Tr e at m e nt  wit h 5 H T R 1 A r e c e pt or a g o nists di d n ot alt er f e e d

i nt a k e i n r ai n b o w tr o ut (3 3 ),  w hi c h is i n li n e  wit h t h e l a c k of

p eri pr a n di al c h a n g es  w e h a v e f o u n d i n t his r e c e pt or i n f e d tr o ut.

T h er e  w as als o n o c h a n g e i n 5 htr 1 b m R N A a b u n d a n c e i n f e d tr o ut,

w h er e as n o n-f e d tr o ut s h o w e d a si g ni fi c a nt d o w n-r e g ul ati o n i n

r e c e pt or e x pr essi o n at 9 0 a n d 2 4 0  mi n aft er t h e e x p e ct e d f e e di n g
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ti m e,  w hi c h  w as c o n c o mit a nt  wit h a c ert ai n att e n u ati o n of

s er ot o n er gi c a cti vit y. I n  m a m m als, 5 htr 1 b is e x pr ess e d i n  N P Y/

A G R P n e ur o ns of t h e ar c u at e n u cl e us, a n d its a cti v ati o n l e a ds t o

n e ur o n al h y p er p ol ari z ati o n ( 2 1 ) a n d a n or e xi g e ni c eff e cts.  Wit h t his

i n  mi n d, it a p p e ars t h at d el a y e d d e cr e as e i n 5 htr 1 b e x pr essi o n i n

f ast e d tr o ut c o ul d a ct as a f a cilit ati n g  m e c h a nis m f or h u n g er si g n als

o n c e t h e f e e di n g p eri o d  w as e x c e e d e d a n d t h er e  w as n o a c c ess t o

f o o d.  Alt h o u g h e xisti n g p h ar m a c ol o gi c al e vi d e n c e i n tr o ut d o es n ot

all o w li n ki n g a  m o d ul at or y a cti o n of 5 H T o n n p y e x pr essi o n i n

h y p ot h al a m u s ( 3 0 ), t h e i n c r e a s e i n s e r ot o ni n p r o d u c e d b y

fl u o x eti n e i nj e cti o ns i n cr e as e d s u c h e x pr essi o n i n g ol d fi s h (3 1 ), s o

t his p ossi bilit y s h o ul d n ot b e r ul e d o ut.

I n s u m m ar y, o ur r es ults r e v e al t h at r ai n b o w tr o ut a c cli m at e d t o

t w o d ail y f e e di n g s c h e d ul es d e v el o p a c o m pl e x s er ot o n er gi c r es p o ns e

t h at  m a y, i n p art, b e i nfl u e n c e d b y cir c a di a n i n p uts r el at e d  wit h t h e

ti m e at  w hi c h t h e f o o d is pr o vi d e d. I n a d diti o n, f e e di n g i n d u c es

a nti ci p at or y a cti vit y aff e cti n g n e ur o p e pti d es s yst e ms a n d t h e

s er ot o n er gi c s yst e m at t h e di e n c e p h ali c l e v el. I n r el ati o n t o 5 H T,

t he r es ults p oi nt t o a n i n hi bit or y r ol e of t his n e ur otr a ns mitter i n f o o d

i nt a k e pr o b a bl y a cti n g as a s atiet y-r el at e d si g n al,  w hi c h c o ul d b e

m e di at e d b y i nt er a cti o n  wit h h y p ot h al a mi c n e ur o p e pti d es.  T h e

r es ults als o s u g g est a d diti o n al r ol es of 5 H T d uri n g t h e pr e pr a n di al

p h as e i n  w hi c h s er ot o n er gi c a cti vit y i n cr e as es. F urt h er r es e ar c h o n

5 H T n e ur o n al n et w or ks a n d li n ks  wit h ot h er n e ur otr a ns mitt er

s yst e ms is n ec ess ar y t o e x p a n d o ur k n o wl e d g e of t h e i n v ol v e m e nt

of t h e br ai n 5 H T i n f e e di n g b e h a vi or i n fi s h.
FI G U R E 7

Gr a p hi c al s u m m ar y a b o ut t h e r e gi o n al c h a n g e s i n br ai n s er ot o ni n f u n cti o ni n g d uri n g f e e di n g ti m e i n r ai n b o w tr o ut a n d pr o p o s e d a cti o n  o n

h y p ot h al a mi c n e ur o p e pti d e s i n v ol v e d i n f o o d i nt a k e r e g ul ati o n.
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D at a a v ail a bilit y st at e m e nt

T h e d at as ets pr es e nt e d i n t his st u d y c a n b e f o u n d i n o nli n e

r e p osit ori es.  T h e n a m es of t h e r e p osit or y/r e p osit ori es a n d a c c essi o n

n u m b er(s) c a n b e f o u n d i n t h e arti cl e/ S u p pl e m e nt ar y  M at eri al .
Et hi c s st at e m e nt

T h e a ni m al st u d y  w as a p pr o v e d b y  A ni m al Et hi cs  C o m mitt e e of

t h e  U ni v ersit y of  Vi g o.  T h e st u d y  w as c o n d u ct e d i n a c c or d a n c e  wit h

t h e l o c al l e gisl ati o n a n d i nstit uti o n al r e q uir e m e nts.
A ut h or c o ntri b uti o n s

M C a n d J M c o n c ei v e d a n d d esi g n e d t h e e x p eri m e nts.  M C,  R C,

a n d  M L- P c arri e d o ut t h e e x p eri m e nts a n d a n al y z e d t h e s a m pl es.

M C, J M,  M A, J C- R, a n d J L S i nt er pr et e d t h e d at a a n d dr aft e d t h e

m a n us cri pt. F u n di n g a c q uisiti o n a n d pr oj e ct a d mi nistr ati o n: J L S

a n d J M.  All a ut h ors c o ntri b ut e d t o  m a n us cri pt r e visi o n, r e a d, a n d

a p pr o v e d t h e s u b mitt e d v ersi o n.
F u n di n g

T his r es e ar c h  w as s u p p ort e d b y gr a nts fr o m S p a nis h  A g e n ci a

E st at al d e I n v e sti g a ci o  n a n d  E u r o p e a n F u n d of  R e gi o n al

D e v el o p m e nt ( PI D 2 0 2 2- 1 3 6 2 8 8 O B- C 3 1), a n d  X u nt a d e  G ali ci a

( C o ns oli d a ci o n e estr u ct ur a ci o  n d e u ni d a d es d e i n v esti g a ci o  n
Fr o nti er s i n E n d o cri n ol o g y 1 4
c o m p etiti v as d o S U G, E D 4 3 1 B 2 0 1 9/ 3 7).  M C  w as a r e ci pi e nt of

p r e d o ct o r al ( F PI  Pr o g r a m, S p a ni s h  Mi ni st e ri o d e  Ci e n ci a e

I n n o v a ci o n,  B E S- 2 0 1 7- 0 7 9 7 0 8) a n d p o st d o ct o r al ( X u nt a d e

G ali ci a, E D 4 8 1 B- 2 0 2 2- 0 8 2) f ell o ws hi ps.
C o n fl i ct  of i nt er e st

T h e a ut h ors d e cl ar e t h at t h e r es e ar c h  w as c o n d u ct e d i n t h e

a bs e n c e of a n y c o m m er ci al or fi n a n ci al r el ati o ns hi ps t h at c o ul d b e

c o nstr u e d as a p ot e nti al c o n fl i ct of i nt er est.

T h e h a n dli n g e dit or  N P d e cl ar e d a p ast c o- a ut h ors hi p  wit h t h e

a ut h or J L S.
P u bli s h er ’s  n ot e

All cl ai ms e x pr ess e d i n t his arti cl e ar e s ol el y t h os e of t h e a ut h ors

a n d d o  n ot  n e c e s s a ril y r e p r e s e nt t h o s e of t h ei r af fi li at e d

or g a ni z ati o ns, or t h os e of t h e p u blis h er, t h e e dit ors a n d t h e

r e vi e w ers.  A n y pr o d u ct t h at  m a y b e e v al u at e d i n t his arti cl e, or

cl ai m t h at  m a y b e  m a d e b y its  m a n uf a ct ur er, is n ot g u ar a nt e e d or

e n d ors e d b y t h e p u blis h er.
S u p pl e m e nt ar y  m at eri al

T h e S u p pl e m e nt ar y  M at eri al f or t his arti cl e c a n b e f o u n d o nli n e

at: htt p s:// w w w.f r o nti e r si n. o r g/ a rti cl e s/ 1 0. 3 3 8 9/f e n d o. 2 0 2 3.

1 2 4 1 0 1 9/f ull #s u p pl e m e nt ar y- m at eri al
R ef er e n c e s
1.  R ui L. Br ai n r e g ul ati o n of e n er g y b al a n c e a n d b o d y  w ei g ht. R e v E n d ocr  M et a b
Dis or d ( 2 0 1 3) 1 4( 4): 3 8 7– 4 0 7. d oi: 1 0. 1 0 0 7/s 1 1 1 5 4- 0 1 3- 9 2 6 1- 9

2. S o bri n o- Cr es p o  C, P eri a n es- C a c h er o  A, P u e bl a-Ji m e  n e z L, B arri os  V,  Arill a-
F err eir o E. P e pti d es a n d f o o d i nt a k e. Fr o nt E n d ocri n ol ( 2 0 1 4) 5: 5 8. d oi: 1 0. 3 3 8 9/
f e n d o. 2 0 1 4. 0 0 0 5 8

3.  V ol k off  H.  T h e n e ur o e n d o cri n e r e g ul ati o n of f o o d i nt a k e i n fi s h:  A r e vi e w of
c urr e nt k n o wl e d g e. Fr o nt  N e ur osci ( 2 0 1 6) 1 0: 5 4 0. d oi: 1 0. 3 3 8 9/f ni ns. 2 0 1 6. 0 0 5 4 0

4.  M ort o n  GJ,  C u m mi n gs  D E, B as ki n  D G, B ars h  G S, S c h w art z  M W.  C e ntr al
n er v o us s yst e m c o ntr ol of f o o d i nt a k e a n d b o d y  w ei g ht. N at ur e ( 2 0 0 6) 4 4 3: 2 8 9– 9 5.
d oi: 1 0. 1 0 3 8/ n at ur e 0 5 0 2 6

5.  W at ers o n  MJ,  H or v at h  T L.  N e ur o n al r e g ul ati o n of e n er g y h o m e ost asis: b e y o n d
t h e h y p ot h al a m u s a n d f e e di n g. C ell  M et a b ( 2 0 1 5) 2 2: 9 6 2– 7 0. d oi: 1 0. 1 0 1 6/
j. c m et. 2 0 1 5. 0 9. 0 2 6

6.  D el g a d o  MJ,  C er d a  - R e v ert er J M, S o e n g as J L.  H y p ot h al a mi c i nt e gr ati o n of
m et a b oli c, e n d o cri n e, a n d cir c a di a n si g n als i n fi s h: I n v ol v e m e nt i n t h e c o ntr ol of
f o o d i nt a k e. Fr o nt  N e ur osci ( 2 0 1 7) 1 1: 3 5 4. d oi: 1 0. 3 3 8 9/f ni ns. 2 0 1 7. 0 0 3 5 4

7. S o e n g as J L,  C er d a  - R e v ert er J M,  D el g a d o  MJ.  C e ntr al r e g ul ati o n of f o o d i nt a k e i n
fi s h:  A n e v ol uti o n ar y p ers p e cti v e. J  M ol E n d ocri n ol ( 2 0 1 8) 6 0: 1 7 1– 9 9. d oi: 1 0. 1 5 3 0/
J M E- 1 7- 0 3 2 0

8.  V er a L M,  D e P e dr o  N,  G o  m e z- Mil a  n E,  D el g a d o  MJ, S a  n c h e z- M ur os  MJ,  M a dri d
J A, et al. F e e di n g e ntr ai n m e nt of l o c o m ot or a cti vit y r h yt h ms, di g esti v e e n z y m es a n d
n e ur o e n d o cri n e f a ct ors i n g ol d fi s h. P h ysi ol B e h a v ( 2 0 0 7) 9 0: 5 1 8– 2 4. d oi: 1 0. 1 0 1 6/
j. p h ys b e h. 2 0 0 6. 1 0. 0 1 7

9.  T e c ott L H. S er ot o ni n a n d t h e or c h estr ati o n of e n er g y b al a n c e. C ell  M et a b ( 2 0 0 7)
6( 5): 3 5 2 – 6 1. d oi: 1 0. 1 0 1 6/j. c m et. 2 0 0 7. 0 9. 0 1 2

1 0. S o h n J W, El m q uist J K,  Willi a ms  K W.  N e ur o n al cir c uits t h at r e g ul at e f e e di n g
b e h a vi o r a n d  m et a b oli s m. T r e n ds  N e u r os ci ( 2 0 1 3) 3 6: 5 0 4 – 1 2. d oi: 1 0. 1 0 1 6/
j.ti ns. 2 0 1 3. 0 5. 0 0 3
1 1.  D o n o v a n  M H,  T e c ott L H. S er ot o ni n a n d t h e r e g ul ati o n of  m a m M ali a n e n er g y
b al a n c e. Fr o nt  N e ur osci ( 2 0 1 3) 7: 3 6. d oi: 1 0. 3 3 8 9/f ni ns. 2 0 1 3. 0 0 0 3 6

1 2.  H ö gl u n d E,  Ø v erli  Ø.,  Wi n b er g S.  Tr y pt o p h a n  m et a b oli c p at h w a ys a n d br ai n
s er ot o n er gi c a cti vit y:  A c o m p ar ati v e r e vi e w. Fr o nt E n d ocri n ol ( L a us a n n e) ( 2 0 1 9)
1 0: 1 5 8. d oi: 1 0. 3 3 8 9/f e n d o. 2 0 1 9. 0 0 1 5 8

1 3. S a n g k u hl  K,  Kl ei n  T E,  Alt m a n  R B. S el e cti v e s er ot o ni n r e u pt a k e i n hi bit ors
p a t h w a y. P h a r m a c o g e n et  G e n o mi c s ( 2 0 0 9 ) 1 9 ( 1 1 ): 9 0 7 – 9.  d oi: 1 0. 1 0 9 7 /
F P C. 0 b 0 1 3 e 3 2 8 3 3 1 3 2 c b

1 4. B o a dl e- Bi b er  M C.  R e g ul ati o n of s er ot o ni n s y nt h esis. Pr o g Bi o p h ys  M ol Bi ol
( 1 9 9 3) 6 0( 1): 1– 1 5. d oi: 1 0. 1 0 1 6/ 0 0 7 9- 6 1 0 7( 9 3) 9 0 0 0 9- 9

1 5.  G as p ar P, Lill es a ar  C. Pr o bi n g t h e di v ersit y of s er ot o ni n n e ur o ns. P hil os  Tr a ns  R
S oc L o n d B Bi ol Sci ( 2 0 1 2) 3 6 7( 1 6 0 1): 2 3 8 2– 9 4. d oi: 1 0. 1 0 9 8/rst b. 2 0 1 1. 0 3 7 8

1 6.  R o z e n blit- S us a n S,  C h a p ni k  N,  G e n z er  Y, Fr o y  O. S er ot o ni n s u p pr ess es f o o d
a nti ci p at or y a cti vit y a n d s y n c hr o ni z es t h e f o o d- e ntr ai n a bl e os cill at or d uri n g ti m e-
r estri ct e d f e e di n g. B e h a v Br ai n  R es ( 2 0 1 6) 2 9 7: 1 5 0– 4. d oi: 1 0. 1 0 1 6/j. b br. 2 0 1 5. 1 0. 0 1 9

1 7. B ar n es  N M, S h ar p  T.  A r e vi e w of c e ntr al 5- H T r e c e pt ors a n d t h eir f u n cti o n.
N e ur o p h ar m ac ol o g y ( 1 9 9 9) 3 8: 1 0 8 3– 1 5 2. d oi: 1 0. 1 0 1 6/ S 0 0 2 8- 3 9 0 8( 9 9) 0 0 0 1 0- 6

1 8.  X u  Y, J o n es J E,  K o h n o  D,  Willi a ms  K W, L e e  C E,  C h oi  MJ, et al. 5- H T 2 C Rs
E x pr ess e d b y pr o- o pi o m el a n o c orti n n e ur o ns r e g ul at e e n er g y h o m e ost asis. N e ur o n
( 2 0 0 8) 6 0: 5 8 2– 9. d oi: 1 0. 1 0 1 6/j. n e ur o n. 2 0 0 8. 0 9. 0 3 3

1 9.  D osli k o v a B,  G ar fi el d  A S, S h a w J, E v a ns  M L, B ur d a k o v  D, Bill u ps B, et al. 5-
H T 2 C  R e c e pt or a g o nist a n or e cti c ef fi c a c y p ot e nti at e d b y 5- H T 1 B r e c e pt or a g o nist
c o a p pli c ati o n: a n eff e ct  m e di at e d vi a i n cr e as e d pr o p orti o n of pr o- o pi o m el a n o c orti n
n e ur o ns a cti v at e d. J  N e ur osci ( 2 0 1 3) 3 3: 9 8 0 0– 4. d oi: 1 0. 1 5 2 3/J N E U R O S CI. 4 3 2 6-
1 2. 2 0 1 3

2 0.  Cl e m ett  D A,  P u n h a ni  T,  D u x o n  M S,  Bl a c k b u r n  T P,  F o n e  K C.
I m m u n o hist o c h e mi c al l o c alis ati o n of t h e 5- H T 2 C r e c e pt or pr ot ei n i n t h e r at  C N S.
N e ur o p h ar m ac ol o g y ( 2 0 0 0) 3 9( 1): 1 2 3– 3 2. d oi: 1 0. 1 0 1 6/s 0 0 2 8- 3 9 0 8( 9 9) 0 0 0 8 6- 6
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2 1.  H eisl er L K, J o bst E E, S utt o n  G M,  Z h o u L, B or o k E,  T h or nt o n-J o n es  Z, et al.
S er ot o ni n r e ci pr o c all y r e g ul at es  m el a n o c orti n n e ur o ns t o  m o d ul at e f o o d i nt a k e.
N e ur o n ( 2 0 0 6) 5 1: 2 3 9– 4 9. d oi: 1 0. 1 0 1 6/j. n e ur o n. 2 0 0 6. 0 6. 0 0 4

2 2. B alt h as ar  N,  D al g a ar d L T, L e e  C E,  Y u J, F u n a h as hi  H,  Willi a ms  T, et al.
Di v er g e n c e of  m el a n o c orti n p at h w a ys i n t h e c o ntr ol of f o o d i nt a k e a n d e n er g y
e x p e n dit ur e. C ell ( 2 0 0 5) 1 2 3( 3): 4 9 3– 5 0 5. d oi: 1 0. 1 0 1 6/j. c ell. 2 0 0 5. 0 8. 0 3 5

2 3.  Z h o u  Y, Li a n g  X F,  Y u a n  X, Li J,  H e  Y, F a n g L, et al.  N e ur o p e pti d e  Y sti m ul at es
f o o d i nt a k e a n d r e g ul at es  m et a b olis m i n gr ass c ar p, Ct e n o p h a r y n g o d o n i d ell us .
A q u ac ult ur e ( 2 0 1 3) 3 8 0– 3 8 3: 5 2 – 6 1. d oi: 1 0. 1 0 1 6/j. a q u a c ult ur e. 2 0 1 2. 1 1. 0 3 3

2 4.  Y a o  T,  H e J,  C ui  Z,  W a n g  R, B a o  K,  H u a n g  Y, et al.  C e ntr al 5- H T R 2 C i n t h e
c o ntr ol of  m et a b oli c h o m e ost asis. Fr o nt E n d ocri n ol ( 2 0 2 1) 1 2: 6 9 4 2 0 4. d oi: 1 0. 3 3 8 9/
f e n d o. 2 0 2 1. 6 9 4 2 0 4

2 5.  V oi gt J- P, S C h a d e  R, Fi n k  H,  H ört n a gl  H.  R ol e of 5- H T 1 A r e c e pt ors i n t h e
c o ntr ol of f o o d i nt a k e i n o b es e  Z u c k er r ats of diff er e nt a g es. P h ar m ac ol Bi oc h e m B e h a v
( 2 0 0 2) 7 2: 4 0 3– 9. d oi: 1 0. 1 0 1 6/ S 0 0 9 1- 3 0 5 7( 0 1) 0 0 7 6 3- 8

2 6. Fr a n k e n h uis- v a n d e n  H e u v el  T H M,  Ni e u w e n h u ys  R.  Distri b uti o n of s er ot o ni n-
i m m u n or e a cti vit y i n t h e di e n c e p h al o n a n d  m es e n c e p h al o n of t h e tr o ut, S al m o
g air d n eri – C ell b o di es, fi br es a n d t er mi n als. A n at E m br y ol ( B erl) ( 1 9 8 4) 1 6 9: 1 9 3–
2 0 4. d oi: 1 0. 1 0 0 7/ B F 0 0 3 0 3 1 4 9

2 7.  C hi vit e  M, L e al E,  M ı g u e z J M,  C er d a  - R e v ert er J M.  Distri b uti o n of t w o is of or ms
of tr y pt o p h a n h y dr o x yl as e i n t h e br ai n of r ai n b o w tr o ut ( O nc or h y nc h us  m y kiss ).  A n i n
sit u h y bri di z ati o n st u d y. Br ai n Str uct F u nct ( 2 0 2 1) 2 2 6( 7): 2 2 6 5– 7 8. d oi: 1 0. 1 0 0 7/
s 0 0 4 2 9- 0 2 1- 0 2 3 2 2- 8

2 8.  D e P e dr o  N, Pi nill os  M L,  V al e n ci a n o  AI,  Al o ns o- B e d at e  M,  D el g a d o  MJ.
I n hi bit or y eff e ct of s er ot o ni n o n f e e di n g b e h a vi o ur i n g ol dfi s h: I n v ol v e m e nt of  C R F.
P e pti d es ( 1 9 9 8) 1 9: 5 0 5– 1 1. d oi: 1 0. 1 0 1 6/ S 0 1 9 6- 9 7 8 1( 9 7) 0 0 4 6 9- 5

2 9.  R ui b al  C, S o e n g as J L,  Al d e g u n d e  M. Br ai n s er ot o ni n a n d t h e c o ntr ol of f o o d
i nt a k e i n r ai n b o w tr o ut (O nc or h y nc h us  m y kiss ): Eff e cts of c h a n g es i n pl as m a gl u c os e
l e v els. J  C o m p P h ysi ol  A  N e ur o et h ol. S e ns or y  N e ur al B e h a v P h ysi ol ( 2 0 0 2) 1 8 8: 4 7 9– 8 4.
d oi: 1 0. 1 0 0 7/s 0 0 3 5 9- 0 0 2- 0 3 2 0- z

3 0.  M a n c e b o  MJ,  C e b all os F C, P e  r e z- M a c eir a J,  Al d e g u n d e  M.  H y p ot h al a mi c
n e ur o p e pti d e  Y ( N P Y) g e n e e x pr essi o n is n ot aff e ct e d b y c e ntr al s er ot o ni n i n t h e
r ai n b o w tr o ut (O nc or h y nc h us  m y kiss ). C o m p Bi oc h e m P h ysi ol – A  M ol I nt e gr P h ysi ol
( 2 0 1 3) 1 6 6: 1 8 6– 9 0. d oi: 1 0. 1 0 1 6/j. c b p a. 2 0 1 3. 0 5. 0 3 4

3 1.  M e n ni g e n J A,  H arris E A,  C h a n g J P,  M o o n  T W,  Tr u d e a u  V L. Fl u o x eti n e aff e cts
w ei g ht g ai n a n d e x pr essi o n of f e e di n g p e pti d es i n t h e f e m al e g ol d fi s h br ai n. R e g ul P e pt
( 2 0 0 9) 1 5 5: 9 9– 1 0 4. d oi: 1 0. 1 0 1 6/j.r e g p e p. 2 0 0 9. 0 1. 0 0 1

3 2.  O rt e g a  V A, L o v ej o y  D A,  B e r ni e r  NJ.  A p p etit e- s u p p r e ssi n g eff e ct s a n d
i nt er a cti o ns of c e ntr all y a d mi nist er e d c orti c otr o pi n-r el e asi n g f a ct or, ur ot e nsi n I a n d
s er ot o ni n i n r ai n b o w tr o ut ( O nc or h y nc h us  m y kiss ). Fr o nt  N e ur osci ( 2 0 1 3) 7: 1 9 6.
d oi: 1 0. 3 3 8 9/f ni ns. 2 0 1 3. 0 0 1 9 6

3 3. P e  r e z- M a c eir a JJ,  M a n c e b o  MJ,  Al d e g u n d e  M.  T h e i n v ol v e m e nt of 5- H T-li k e
r e c e pt ors i n t h e r e g ul ati o n of f o o d i nt a k e i n r ai n b o w tr o ut ( O nc or h y nc h us  m y kiss ).
C o m p  Bi o c h e m P h ysi ol – C  T o xi c ol P h ar m a c ol ( 2 0 1 4) 1 6 1: 1– 6. d oi: 1 0. 1 0 1 6/
j. c b p c. 2 0 1 3. 1 2. 0 0 3

3 4. P e  r e z- M a c eir a JJ,  Ot er o- R o di ñ o  C,  M a n c e b o  MJ, S o e n g as J L,  Al d e g u n d e  M.
F o o d i nt a k e i n hi biti o n i n r ai n b o w tr o ut i n d u c e d b y a cti v ati o n of s er ot o ni n 5- H T 2 C
r e c e pt ors is ass o ci at e d  wit h i n cr e as es i n P O M C,  C A R T a n d  C R F  m R N A a b u n d a n c e i n
h y p ot h al a m us. J  C o m p P h ysi ol B Bi oc h e m S yst E n vir o n P h ysi ol ( 2 0 1 6) 1 8 6: 3 1 3– 2 1.
d oi: 1 0. 1 0 0 7/s 0 0 3 6 0- 0 1 6- 0 9 6 1- 9

3 5.  K e h o e  A S,  V ol k off  H.  Cl o ni n g a n d c h ar a ct eri z ati o n of n e ur o p e pti d e  Y ( N P Y)
a n d c o c ai n e a n d a m p h et a mi n e r e g ul at e d tr a ns cri pt ( C A R T) i n  Atl a nti c c o d ( G a d us
m o r h u a ). C o m p  Bi o c h e m P h ysi ol – A M ol I nt e g r P h ysi ol ( 2 0 0 7) 1 4 6: 4 5 1– 6 1.
d oi: 1 0. 1 0 1 6/j. c b p a. 2 0 0 6. 1 2. 0 2 6

3 6.  M ur as hit a  K,  K ur o k a w a  T, E b b ess o n L O E, St ef a nss o n S O,  R ø n n est a d I.
C h ar a ct eri z ati o n, tiss u e distri b uti o n, a n d r e g ul ati o n of a g o uti-r el at e d pr ot ei n ( A g R P),
c o c ai n e- a n d a m p h et a mi n e-r e g ul at e d tr a ns cri pt ( C A R T) a n d n e ur o p e pti d e  Y ( N P Y) i n
Atl a nti c s al m o n ( S al m o s al ar ). G e n  C o m p E n d ocri n ol ( 2 0 0 9) 1 6 2: 1 6 0– 7 1. d oi: 1 0. 1 0 1 6/
j. y g c e n. 2 0 0 9. 0 3. 0 1 5

3 7.  N a d eri F,  H er n a  n d e z- P e  r e z J,  C hi vit e  M, S o e n g as J L,  M ı g u e z J M, L o p e z- P ati ñ o
M A. I n v ol v e m e nt of c ortis ol a n d sirt ui n 1 d uri n g t h e r es p o ns e t o str ess of h y p ot h al a mi c
cir c a di a n s yst e m a n d f o o d i nt a k e-r el at e d p e pti d es i n r ai n b o w tr o ut, O nc or h y nc h us
m y kiss . C hr o n o bi ol I nt ( 2 0 1 8) 3 5: 1 1 2 2– 4 1. d oi: 1 0. 1 0 8 0/ 0 7 4 2 0 5 2 8. 2 0 1 8. 1 4 6 1 1 1 0

3 8. L o  p e z- Ol m e d a J F,  T art a gli o n e E V, d e l a I gl esi a  H O, S a  n c h e z- V a  z q u e z FJ.
F e e di n g e ntr ai n m e nt of f o o d- a nti ci p at or y a cti vit y a n d p er 1 e x pr essi o n i n t h e br ai n
a n d li v er of z e br a fi s h u n d er diff er e nt li g hti n g a n d f e e di n g c o n diti o ns. C hr o n o bi ol. I nt
( 2 0 1 0) 2 7: 1 3 8 0– 4 0 0. d oi: 1 0. 3 1 0 9/ 0 7 4 2 0 5 2 8. 2 0 1 0. 5 0 1 9 2 6

3 9.  G est o  M, L o  p e z- P ati ñ o  M A,  H er n a  n d e z J, S o e n g as J L,  Mı g u e z J M.  Gr a d ati o n of
t h e str ess r es p o ns e i n r ai n b o w tr o ut e x p os e d t o str ess ors of diff er e nt s e v erit y: t h e r ol e of
br ai n s er ot o n er gi c a n d d o p a mi n er gi c s yst e ms. J  N e ur o e n d ocri n ol ( 2 0 1 5) 2 7( 2): 1 3 1– 4 1.
d oi: 1 0. 1 1 1 1/j n e. 1 2 2 4 8

4 0.  G est o  M, L o p e z- P ati n o  M A,  H er n a n d e z J, S o e n g as J L,  Mi g u e z J M.  T h e r es p o ns e
of br ai n s er ot o n er gi c a n d d o p a mi n er gi c s yst e ms t o a n a c ut e str ess or i n r ai n b o w tr o ut: a
ti m e c o urs e st u d y. J E x p Bi ol ( 2 0 1 3) 2 1 6: 4 4 3 5– 4 2. d oi: 1 0. 1 2 4 2/j e b. 0 9 1 7 5 1

4 1. Pf af fl M W.  A n e w  m at h e m ati c al  m o d el f or r el ati v e q u a nti fi c ati o n i n r e al-ti m e
R T- P C R. N ucl eic  Aci ds  R es ( 2 0 0 1) 2 9: e 4 5. d oi: 1 0. 1 0 9 3/ n ar/ 2 9. 9. e 4 5

4 2. Sil v erst ei n J T, Br ei ni n g er J, B as ki n  D G, Plis ets k a y a E M.  N e ur o p e pti d e  Y-li k e
g e n e e x pr essi o n i n t h e s al m o n br ai n i n cr e as es  wit h f asti n g. G e n  C o m p E n d ocri n ol
( 1 9 9 8) 2 2 0: 7 8– 8 7. d oi: 1 0. 1 0 0 6/ g c e n. 1 9 9 8. 7 0 5 8
Fr o nti er s i n E n d o cri n ol o g y 1 5
4 3.  R ø n n est a d I,  G o m es  A S,  M ur as hit a  K,  A n g ot zi  R, J ö nss o n E,  V ol k off  H.
A p p etit e- c o ntr olli n g e n d o cri n e s yst e ms i n t el e osts. Fr o nt E n d ocri n ol ( 2 0 1 7) 8: 7 3.
d oi: 1 0. 3 3 8 9/f e n d o. 2 0 1 7. 0 0 0 7 3

4 4.  T ol ås I,  K al a n a nt h a n  T,  G o m es  A S, L ai F,  N orl a n d S,  M ur as hit a  K, et al.
R e gi o n al e x pr essi o n of  N P Y  m R N A p ar al o gs i n t h e br ai n of  Atl a nti c s al m o n ( S al m o
s al ar, l.) a n d r es p o ns e t o f asti n g. Fr o nt P h ysi ol ( 2 0 2 1) 1 2: 7 2 0 6 3 9. d oi: 1 0. 3 3 8 9/
f p h ys. 2 0 2 1. 7 2 0 6 3 9

4 5.  Al d e g u n d e  M,  M a n c e b o  M. Eff e cts of n e ur o p e pti d e  Y o n f o o d i nt a k e a n d br ai n
bi o g e ni c a mi n es i n t h e r ai n b o w tr o ut ( O nc or h y nc h us  m y kiss ). P e pti d es ( 2 0 0 6) 2 7
( 4): 7 1 9– 2 7. d oi: 1 0. 1 0 1 6/j. p e pti d es. 2 0 0 5. 0 9. 0 1 4

4 6.  N a h a y at  M,  Z a k eri  M, S al ati  A P,  Q as e mi S A.  C h a n g es i n t h e n e ur o p e pti d e y
mr n a e x pr essi o n i n O nc or h y nc h us  m y kiss at diff er e nt f e e di n g fr e q u e n ci es. A q u ac ult ur e
N utr ( 2 0 2 2) 2 0 2 2: 9. d oi: 1 0. 1 1 5 5/ 2 0 2 2/ 2 0 8 0 6 3 9

4 7.  G o n g  N, Bj ör nss o n B T. L e pti n si g n ali n g i n t h e r ai n b o w tr o ut c e ntr al n er v o us
s yst e m is  m o d ul at e d b y a tr u n c at e d l e pti n r e c e pt or is of or m. E n d ocri n ol o g y ( 2 0 1 4)
1 5 5: 2 4 4 5 – 5 5. d oi: 1 0. 1 2 1 0/ e n. 2 0 1 3- 2 1 3 1

4 8.  D e P e dr o  N, Bj ör nss o n B T.  R e g ul ati o n of f o o d i nt a k e b y n e ur o p e pti d es a n d
h or m o n es. I n:  H o uli h a n  D, B o uj ar d  T, J o bli n g  M, e dit ors. F o o d I nt a k e i n Fis h O xf or d:
Bl a c k w ell S ci e n c e ( 2 0 0 1). p. 2 6 9 – 9 6.

4 9.  V ol k off  H,  C a n os a L F,  U n ni a p p a n S,  C er d a  - R e v ert er J M, B er ni er  NJ,  K ell y S P,
et al.  N e ur o p e pti d es a n d t h e c o ntr ol of f o o d i nt a k e i n fi s h. G e n  C o m p E n d ocri n ol ( 2 0 0 5)
1 4 2( 1- 2): 3 – 1 9. d oi: 1 0. 1 0 1 6/j. y g c e n. 2 0 0 4. 1 1. 0 0 1

5 0.  W ei  R,  Z h o u  C,  Y u a n  D,  W a n g  T, Li n F,  C h e n  H, et al.  C h ar a ct eri z ati o n, tiss u e
distri b uti o n a n d r e g ul ati o n of n e ur o p e pti d e  Y i n Sc hi z ot h or a x pr e n a nti. J. Fis h Bi ol
( 2 0 1 4) 8 5: 2 7 8– 9 1. d oi: 1 0. 1 1 1 1/jf b. 1 2 4 1 3

5 1.  C o n d e- Si eir a  M,  A g ull eir o  MJ,  A g uil ar  AJ,  M ı g u e z J M,  C er d a  - R e v ert er J M,
S o e n g a s J L.  Eff e ct of diff e r e nt gl y c a e mi c c o n diti o n s o n g e n e e x p r e s si o n of
n e ur o p e pti d es i n v ol v e d i n c o ntr ol of f o o d i nt a k e i n r ai n b o w tr o ut; I nt er a cti o n  wit h
str ess. J E x p Bi ol ( 2 0 1 0) 2 1 3: 3 8 5 8– 6 5. d oi: 1 0. 1 2 4 2/j e b. 0 4 8 4 3 9

5 2.  N ar n a w ar e  Y K, P et er  R E. I n fl u e n c e of di et c o m p ositi o n o n f o o d i nt a k e a n d
n e ur o p e pti d e  Y ( N P Y) g e n e e x pr essi o n i n g ol d fi s h br ai n. R e g ul P e pt ( 2 0 0 2) 1 0 3: 7 5– 8 3.
d oi: 1 0. 1 0 1 6/ S 0 1 6 7- 0 1 1 5( 0 1) 0 0 3 4 2- 1

5 3.  Ril e y L G,  W al k er  A P,  D or o u g h  C P, S c h w a n dt S E,  Gr a u E G.  Gl u c os e r e g ul at es
g h r eli n, n e u r o p e pti d e  Y, a n d t h e  G H/I G F-I a xi s i n t h e til a pi a, O r e o c h r o mis
m oss a m bi c us . C o m p Bi oc h e m P h ysi ol  A  M ol I nt e gr P h ysi ol ( 2 0 0 9) 1 5 4( 4): 5 4 1– 6.
d oi: 1 0. 1 0 1 6/j. c b p a. 2 0 0 9. 0 8. 0 1 8

5 4.  T u zi a k S M,  Ris e  M L,  V ol k off  H.  A n i n v esti g ati o n of a p p etit e-r el at e d p e pti d e
tr a ns cri pt e x pr essi o n i n  Atl a nti c c o d (G a d us  m or h u a ) br ai n f oll o wi n g a  C a m eli n a s ati v a
m e al - s u p pl e m e nt e d f e e di n g t ri al. G e n e ( 2 0 1 4) 5 5 0( 2): 2 5 3 – 6 3. d oi: 1 0. 1 0 1 6/
j. g e n e. 2 0 1 4. 0 8. 0 3 9

5 5.  K al a n a nt h a n  T,  M ur as hit a  K,  R ø n n est a d I, Is hi g a ki  M,  T a k a h as hi  K, Sil v a  M S,
et al.  H y p ot h al a mi c a gr p a n d p o mc m R N A  R es p o ns es t o  G astr oi nt esti n al F ull n ess a n d
F asti n g i n  Atl a nti c s al m o n ( S al m o s al ar , L.). Fr o nt P h ysi ol ( 2 0 2 0) 1 1: 6 1. d oi: 1 0. 3 3 8 9/
f p h ys. 2 0 2 0. 0 0 0 6 1

5 6.  Ki m J H, L e g g att  R A,  C h a n  M,  V ol k off  H,  D e vli n  R H. Eff e cts of c hr o ni c gr o wt h
h or m o n e o v er e x pr essi o n o n a p p etit e-r e g ul ati n g br ai n g e n e e x pr essi o n i n c o h o s al m o n.
M ol  C ell E n d ocri n ol ( 2 0 1 5) 4 1 3: 1 7 8– 8 8. d oi: 1 0. 1 0 1 6/j. m c e. 2 0 1 5. 0 6. 0 2 4

5 7.  C er d a  - R e v ert er J M, P et er  R E. E n d o g e n o us  m el a n o c orti n a nt a g o nist i n fi s h:
Str u ct ur e, br ai n  m a p pi n g, a n d r e g ul ati o n b y f asti n g of t h e g ol d fi s h a g o uti-r el at e d
pr ot ei n g e n e. E n d ocri n ol o g y ( 2 0 0 3) 1 4 4: 4 5 5 2– 6 1. d oi: 1 0. 1 2 1 0/ e n. 2 0 0 3- 0 4 5 3

5 8.  A g ull eir o  MJ,  C ort e  s R, L e al E, Rı os  D, S a  n c h e z E,  C er d a  - R e v ert er J M.
C h ar a ct eri z ati o n, tiss u e distri b uti o n a n d r e g ul ati o n b y f asti n g of t h e a g o uti f a mil y of
p e pti d es i n t h e s e a b ass ( Dic e ntr arc h us l a br a x ). G e n  C o m p E n d ocri n ol ( 2 0 1 4) 2 0 5: 2 5 1–
9. d oi: 1 0. 1 0 1 6/j. y g c e n. 2 0 1 4. 0 2. 0 0 9

5 9. C er d a  - R e v ert er J M,  A g ull eir o  MJ,  G uill ot  R  R, S a n c h e z E,  C ei n os  R,  R otll a nt J.
Fi s h  m el a n o c orti n s y st e m. E u r J P h a r m a c ol ( 2 0 1 1) 6 6 0: 5 3– 6 0. d oi: 1 0. 1 0 1 6/
j. ej p h ar. 2 0 1 0. 1 0. 1 0 8

6 0.  V al e n  R, J or d al  A E O,  M ur as hit a  K,  R ø n n est a d I. P ost pr a n di al eff e cts o n
a p p etit e-r el at e d n e ur o p e pti d e e x pr essi o n i n t h e br ai n of  Atl a nti c s al m o n, S al m o
s al ar. G e n  C o m p E n d ocri n ol ( 2 0 1 1) 1 7 1: 3 5 9– 6 6. d oi: 1 0. 1 0 1 6/j. y g c e n. 2 0 1 1. 0 2. 0 2 7

6 1. L e d er E H, Sil v erst ei n J T.  T h e pr o- o pi o m el a n o c orti n g e n es i n r ai n b o w tr o ut
(O nc or h y nc h us  m y kiss ):  D u pli c ati o ns, s pli c e v ari a nts, a n d diff er e nti al e x pr essi o n. J
E n d ocri n ol ( 2 0 0 6) 1 8 8: 3 5 5– 6 3. d oi: 1 0. 1 6 7 7/j o e. 1. 0 6 2 8 3

6 2.  V ol k off  H, P et er  R E. I nt er a cti o ns b et w e e n or e xi n  A,  N P Y a n d g al a ni n i n t h e
c o ntr ol of f o o d i nt a k e of t h e g ol d fi s h, C ar assi us a ur at us . R e g ul P e pt ( 2 0 0 1) 1 0 1: 5 9– 7 2.
d oi: 1 0. 1 0 1 6/ S 0 1 6 7- 0 1 1 5( 0 1) 0 0 2 6 1- 0

6 3. P et ers o n B C,  W al d bi es er  G C,  Ril e y L G,  U pt o n  K R,  K o b a y as hi  Y, S m all B C. Pr e-
a n d p ost pr a n di al c h a n g es i n or e xi g e ni c a n d a n or e xi g e ni c f a ct ors i n c h a n n el c at fi s h
(I ct al u r us p u n ct at us). G e n  C o m p E n d o cri n ol ( 2 0 1 2) 1 7 6: 2 3 1– 9. d oi: 1 0. 1 0 1 6/
j. y g c e n. 2 0 1 2. 0 1. 0 2 2

6 4.  G o m e s  A S, J o r d al  A E,  Ols e n  K,  H a r b o e  T,  P o w e r  D M,  R ø n n e st a d I.
N e ur o e n d o cri n e c o ntr ol of a p p etit e i n  Atl a nti c h ali b ut ( Hi p p o gl oss us hi p p o gl oss us ):
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I nt e gr P h ysi ol ( 2 0 1 5) 3: 1 1 6– 2 5. d oi: 1 0. 1 0 1 6/j. c b p a. 2 0 1 5. 0 1. 0 0 9

6 5.  K al a n a nt h a n  T,  G o m es  A S, L ai F,  T ol ås I, J or d al  A- E O,  N orl a n d S, et al. Br ai n
distri b uti o n of 1 0 c art tr a ns cri pts a n d t h eir r es p o ns e t o 4 d a ys of f asti n g i n  Atl a nti c
s al m o n ( S al m o s al a r l. ). F r o nt  M a r S ci ( 2 0 2 1 ) 8: 7 6 3 7 6 6.  d oi: 1 0. 3 3 8 9/
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h y p ot h al a m us of f ast e d z e br a fi s h is i nfl u e n c e d b y s er ot o ni n. G e n  C o m p E n d ocri n ol
( 2 0 1 7) 2 4 6: 2 3 3– 4 0. d oi: 1 0. 1 0 1 6/j. y g c e n. 2 0 1 6. 1 2. 0 1 3

6 7.  Z h a n g  X,  G a o  Y,  T a n g  N,  Qi J,  W u  Y,  H a o J, et al.  O n e e vi d e n c e of c o c ai n e- a n d
a m p h et a mi n e-r e g ul at e d tr a ns cri pt ( C A R T) h as t h e bi dir e cti o n al eff e cts o n a p p etit e i n
Si b eri a n st ur g e o n ( A ci p e ns er b a erii ). Fis h P h ysi ol  Bi o c h e m ( 2 0 1 8) 4 4: 4 1 1– 2 2.
d oi: 1 0. 1 0 0 7/s 1 0 6 9 5- 0 1 7- 0 4 4 4- 2

6 8.  V ol k off  H, P et er  R E. Eff e cts of  C A R T p e pti d es o n f o o d c o ns u m pti o n, f e e di n g
a n d ass o ci at e d b e h a vi ors i n t h e g ol d fi s h, C ar assi us a ur at us :  A cti o ns o n n e ur o p e pti d e  Y-
a n d or e xi n  A-i n d u c e d f e e di n g. Br ai n  R es ( 2 0 0 0) 8 8 7: 1 2 5– 3 3. d oi: 1 0. 1 0 1 6/ S 0 0 0 6- 8 9 9 3
( 0 0) 0 3 0 0 1- 8

6 9.  Ort e g a  V A,  R e n ner  KJ, B er nier  NJ.  A p p etit e-s u p pr essi n g eff e cts of a m m o ni a
e x p os ur e i n r ai n b o w tr o ut ass o ci at e d  wit h r e gi o n al a n d t e m p or al a cti v ati o n of br ai n
m o n o a mi n er gic a n d  C R F s yst e ms. J E x p Bi ol ( 2 0 0 5) 2 0 8: 1 8 5 5– 6 6. d oi: 1 0. 1 2 4 2/je b. 0 1 5 7 7

7 0.  W a n g  T,  C h e n g  Y Z, Li u  Z P, L o n g  X H. Eff e cts of li g ht i nt e nsit y o n h us b a n dr y
p ar a m et ers, di g esti v e e n z y m es a n d  w h ol e- b o d y c o m p ositi o n of j u v e nil e E pi n e p h el us
c oi oi d es r e ar e d i n artifi ci al s e a  w at er. A q u ac.  R es ( 2 0 1 5) 4 6: 8 8 4– 9 6. d oi: 1 0. 1 1 1 1/
ar e. 1 2 2 4 1

7 1.  Qi J,  T a n g  N,  W u  Y,  C h e n  H,  W a n g S,  W a n g B, et al.  T h e tr a ns cri pts of  C R F a n d
C R F r e c e pt ors u n d er f asti n g str ess i n  D a br y's st ur g e o n ( Aci p e ns er d a br y a n us D u m eril).
G e n  C o m p E n d ocri n ol ( 2 0 1 9) 2 8 0: 2 0 0– 8. d oi: 1 0. 1 0 1 6/j. y g c e n. 2 0 1 9. 0 5. 0 0 5

7 2.  H er n a  n d e z- P e  r e z J,  N a d eri F,  C hi vit e  M, S o e n g as J L,  M ı g u e z J M, L o p e z- P ati ñ o
M A. I n fl u e n c e of str ess o n li v er cir c a di a n p h ysi ol o g y.  A st u d y i n r ai n b o w tr o ut,
O n c or h y n c h us  m y kiss, as fi s h  m o d el. Fr o nt P h ysi ol ( 2 0 1 9) 1 0: 6 1 1. d oi: 1 0. 3 3 8 9/
f p h ys. 2 0 1 9. 0 0 6 1 1

7 3.  K ell e y  K M,  H ai g w o o d J T, P er e z  M,  G ali m a  M M. S er u m i ns uli n-li k e gr o wt h
f a ct or bi n di n g pr ot ei ns (I G F B Ps) as  m ar k ers f or a n a b oli c/ c at a b oli c c o n diti o n i n fi s h es.
C o m p Bi oc h e m P h ysi ol – B: Bi oc h e m  M ol ( 2 0 0 1) 1 2 9( 2- 3): 2 2 9– 3 6. d oi: 1 0. 1 0 1 6/ S 1 0 9 6-
4 9 5 9( 0 1) 0 0 3 1 4- 1

7 4. B ar c ell os LJ G,  M ar q u e z e  A,  Tr a p p  M,  Q u e v e d o  R M, F err eir a  D.  T he eff e cts of
f asti n g o n c ortis ol, bl o o d gl uc os e a n d li v er a n d  m uscle gl y c o ge n i n a d ult j u n di a R h a m di a
q u el e n.  A q u ac ult ur e . ( 2 0 1 0) 3 0 0( 1– 4) : 2 3 1– 6. d oi: 1 0. 1 0 1 6/j. a q u a c ult ure. 2 0 1 0. 0 1. 0 1 3

7 5.  W alt h er  DJ, B a d er  M.  A u ni q u e c e ntr al tr y pt o p h a n h y dr o x yl as e is of or m.
Bi oc h e m P h ar m ac ol ( 2 0 0 3) 6 6: 1 6 7 3– 8 0. d oi: 1 0. 1 0 1 6/ S 0 0 0 6- 2 9 5 2( 0 3) 0 0 5 5 6- 2

7 6. P a n ul a P,  C h e n  Y C, Pri y a d ars hi ni  M,  K u d o  H, S e m e n o v a S, S u n d vi k  M, et al.
T h e c o m p ar ati v e n e ur o a n at o m y a n d n e ur o c h e mistr y of z e br a fi s h  C N S s yst e ms of
r el e v a n c e t o h u m a n n e ur o p s y c hi atri c dis e as es. N e ur o bi ol  Dis ( 2 0 1 0) 4 0: 4 6– 5 7.
d oi: 1 0. 1 0 1 6/j. n b d. 2 0 1 0. 0 5. 0 1 0

7 7. Lill es a ar  C.  T h e s er ot o n er gi c s yst e m i n fi s h. J  C h e m  N e ur o a n at ( 2 0 1 1) 4 1
( 4): 2 9 4– 3 0 8. d oi: 1 0. 1 0 1 6/j.j c h e m n e u. 2 0 1 1. 0 5. 0 0 9

7 8.  Ø v erli  Ø.,  H arris  C A,  Wi n b er g S. S h ort-t er m eff e cts of fi g hts f or s o ci al
d o mi n a n c e a n d t h e est a blis h m e nt of d o mi n a nt-s u b or di n at e r el ati o ns hi ps o n br ai n
Fr o nti er s i n E n d o cri n ol o g y 1 6
m o n o a mi n es a n d c ortis ol i n r ai n b o w tr o ut. Br ai n B e h a v E v ol ( 1 9 9 9) 5 4: 2 6 3– 7 5.
d oi: 1 0. 1 1 5 9/ 0 0 0 0 0 6 6 2 7

7 9. L o  p e z- P ati ñ o  M A, S kr z y ns k a  A K,  N a d eri F,  M a n c er a J M,  M ı g u e z J M,  M art os-
Sit c h a J A.  Hi g h st o c ki n g d e nsit y a n d f o o d d e pri v ati o n i n cr e as e br ai n  m o n o a mi n er gi c
a cti vit y i n gilt h e a d s e a br e a m ( S p ar us a ur at a ). A ni m ( B as el) ( 2 0 2 1) 1( 6): 1 5 0 3.
d oi: 1 0. 3 3 9 0/ a ni 1 1 0 6 1 5 0 3

8 0.  K ul c z y k o ws k a E, S a  n c h e z- V a  z q u e z FJ.  N e ur o h or m o n al r e g ul ati o n of f e e d i nt a k e
a n d r es p o ns e t o n utri e nts i n fi s h: as p e cts of f e e di n g r h yt h m a n d str ess. A q u a  R e p ( 2 0 1 0)
4 1( 5): 6 5 4 – 6 7. d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 2 1 0 9. 2 0 0 9. 0 2 3 5 0. x

8 1. B a c kstr ö m  T,  Wi n b er g S. S er ot o ni n c o or di n at es r es p o ns es t o s o ci al str ess- w h at
w e c a n l e ar n fr o m fi s h. Fr o nt  N e ur osci ( 2 0 1 7) 1 1: 5 9 5. d oi: 1 0. 3 3 8 9/f ni ns. 2 0 1 7. 0 0 5 9 5

8 2. S a  n c h e z- V a  z q u e z FJ,  T a b at a  M.  Cir c a di a n r h yt h ms of d e m a n d-f e e di n g a n d
l o c o m ot or a cti vit y i n r ai n b o w tr o ut. J Fis h Bi ol ( 1 9 9 8) 5 2: 2 5 5– 6 7. d oi: 1 0. 1 0 0 6/
jf bi. 1 9 9 7. 0 5 7 6

8 3.  H er c ul a n o  A M,  M a xi mi n o  C. S er ot o n er gi c  m o d ul ati o n of z e br a fi s h b e h a vi or:
T o w ar ds a p ar a d o x. Pr o g  N e ur o ps yc h o p h ar m ac ol Bi ol Ps yc hi atr y ( 2 0 1 4) 5 5: 5 0– 6 6.
d oi: 1 0. 1 0 1 6/j. p n p b p. 2 0 1 4. 0 3. 0 0 8

8 4.  Wi n b er g S,  T h ör n q vist P O.  R ol e of br ai n s er ot o ni n i n  m o d ul ati n g fi s h b e h a vi or.
C urr Z o ol ( 2 0 1 6) 6 2: 3 1 7– 2 3. d oi: 1 0. 1 0 9 3/ c z/ z o w 0 3 7

8 5. Eli p ot  Y,  Hi n a u x  H,  C all e b ert J,  R e  t a u x S. E v ol uti o n ar y s hift fr o m fi g hti n g t o
f or a gi n g i n bli n d c a v efi s h t hr o u g h c h a n g es i n t h e s er ot o ni n n et w or k. C urr Bi ol ( 2 0 1 3)
2 3: 1 – 1 0. d oi: 1 0. 1 0 1 6/j. c u b. 2 0 1 2. 1 0. 0 4 4

8 6.  R e  t a u x S, Eli p ot  Y. F e e d or fi g ht:  A b e h a vi or al s hift i n bli n d c a v e fi s h. C o m m u n
I nt e gr Bi ol ( 2 0 1 3) 6: 2. d oi: 1 0. 4 1 6 1/ ci b. 2 3 1 6 6

8 7.  M c Ki n n e y J,  K n a p ps k o g P M,  H a a vi k J.  Diff er e nt pr o p erti es of t h e c e ntr al a n d
p eri p h er al f or ms of h u m a n tr y pt o p h a n h y dr o x yl as e. J  N e ur oc h e m ( 2 0 0 5) 2( 2): 3 1 1– 2 0.
d oi: 1 0. 1 1 1 1/j. 1 4 7 1- 4 1 5 9. 2 0 0 4. 0 2 8 5 0. x

8 8. S c h n ei d er  H, Frit z k y L,  Willi a ms J,  H e u m a n n  C,  Y o c h u m  M, P att ar  K, et al.
Cl o ni n g a n d e x pr essi o n of a z e br a fi s h 5- H T 2 C r e c e pt or g e n e. G e n e ( 2 0 1 2) 5 0 2: 1 0 8– 1 7.
d oi: 1 0. 1 0 1 6/j. g e n e. 2 0 1 2. 0 3. 0 7 0

8 9.  C hi vit e  M,  C o m es a ñ a S,  C al o J, S o e n g as J L,  C o n d e- Si eir a  M. E n d o c a n n a bi n oi d
r e c e pt ors ar e i n v ol v e d i n e n h a n ci n g f o o d i nt a k e i n r ai n b o w tr o ut. H or m B e h a v ( 2 0 2 2)
1 4 6: 1 0 5 2 7 7. d oi: 1 0. 1 0 1 6/j. y h b e h. 2 0 2 2. 1 0 5 2 7 7

9 0. L a m  D D, Pr z y d zi al  MJ,  Ri dl e y S H,  Y e o  G S H,  R o c hf or d JJ,  O ’R a hill y S, et al.
S er ot o ni n 5- H T 2 C r e c e pt or a g o nist pr o m ot es h y p o p h a gi a vi a d o w nstr e a m a cti v ati o n
of  m el a n o c orti n 4 r e c e pt ors. E n d ocri n ol o g y ( 2 0 0 8) 1 4 9: 1 3 2 3– 8. d oi: 1 0. 1 2 1 0/ e n. 2 0 0 7-
1 3 2 1

9 1.  C hi vit e  M,  N a d eri F,  C o n d e- Si eir a  M, S o e n g as J L, L o p e z- P ati ñ o  M A,  M ı g u e z
J M.  C e ntr al s er ot o ni n p arti ci p at es i n t h e a n or e xi g e ni c eff e ct of  G L P- 1 i n r ai n b o w tr o ut
(O n c or h y n c h us  m y kiss ). G e n  C o m p E n d ocri n ol ( 2 0 2 1) 3 0 4: 1 1 3 7 1 6. d oi: 1 0. 1 0 1 6/
j. y g c e n. 2 0 2 1. 1 1 3 7 1 6
fr o nti er si n. or g

https://doi.org/10.1016/j.ygcen.2016.12.013
https://doi.org/10.1007/s10695-017-0444-2
https://doi.org/10.1016/S0006-8993(00)03001-8
https://doi.org/10.1016/S0006-8993(00)03001-8
https://doi.org/10.1242/jeb.01577
https://doi.org/10.1111/are.12241
https://doi.org/10.1111/are.12241
https://doi.org/10.1016/j.ygcen.2019.05.005
https://doi.org/10.3389/fphys.2019.00611
https://doi.org/10.3389/fphys.2019.00611
https://doi.org/10.1016/S1096-4959(01)00314-1
https://doi.org/10.1016/S1096-4959(01)00314-1
https://doi.org/10.1016/j.aquaculture.2010.01.013
https://doi.org/10.1016/S0006-2952(03)00556-2
https://doi.org/10.1016/j.nbd.2010.05.010
https://doi.org/10.1016/j.jchemneu.2011.05.009
https://doi.org/10.1159/000006627
https://doi.org/10.3390/ani11061503
https://doi.org/10.1111/j.1365-2109.2009.02350.x
https://doi.org/10.3389/fnins.2017.00595
https://doi.org/10.1006/jfbi.1997.0576
https://doi.org/10.1006/jfbi.1997.0576
https://doi.org/10.1016/j.pnpbp.2014.03.008
https://doi.org/10.1093/cz/zow037
https://doi.org/10.1016/j.cub.2012.10.044
https://doi.org/10.4161/cib.23166
https://doi.org/10.1111/j.1471-4159.2004.02850.x
https://doi.org/10.1016/j.gene.2012.03.070
https://doi.org/10.1016/j.yhbeh.2022.105277
https://doi.org/10.1210/en.2007-1321
https://doi.org/10.1210/en.2007-1321
https://doi.org/10.1016/j.ygcen.2021.113716
https://doi.org/10.1016/j.ygcen.2021.113716
https://doi.org/10.3389/fendo.2023.1241019
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Unraveling the periprandial changes in brain serotonergic activity and its correlation with food intake-related neuropeptides in rainbow trout Oncorhynchus mykiss
	1 Introduction
	2 Materials and methods
	2.1 Fish
	2.2 Experimental design and sampling
	2.3 Plasma cortisol and metabolites
	2.4 Brain monoamines
	2.5 Quantitative real time PCR (qPCR) assays
	2.6 Statistical analysis

	3 Results
	3.1 Plasma cortisol and glucose levels
	3.2 mRNA abundance of food intake-related neuropeptides in diencephalon
	3.3 Periprandial changes in serotonergic activity and receptors

	4 Discussion
	4.1 Feeding influence on mRNA levels of neuropeptides in diencephalon
	4.2 Periprandial changes of serotonergic activity in brain
	4.3 Linking changes in brain 5HT and feeding control

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


