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Effects of starvation on the expression of feeding related neuro-
peptides in the larval zebrafish hypothalamus
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Abstract: Vertebrate feeding behavior is regulated by neuropeptide Y (NPY), GALANIN and GMAP prepropeptide
(GAL), agouti related neuropeptide (AGRP) and proopiomelanocortin (POMC) in the hypothalamus. However, there
are few studies on the relationship between these neuropeptides and feeding in zebrafish larvae. In the present study,
real-time quantitative PCR and in situ hybridization were applied to examine the expression levels of npy, galanin, agrp
and pomca in the hypothalamus of zebrafish larvae after starvation and re-feeding. The results showed the expression
of agrp and galanin increased significantly after starvation compared to the control group, whilst the expression of
pomca decreased significantly compared to control. If the animals were re-fed for two days after starvation, the expression
of pomca, agrp and galanin showed no significant difference from the control. Expression of npy did not alter in ei-
ther condition. These results indicate that starvation increases expression levels of agrp and galanin, and reduces the
pomca expression. In addition, these starvation-induced changes can be reversed by re-feeding.
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Table 1  Primers for npy, galanin, pomca and agrp amplification

(5'-3) (bp) ()

npy F: TCCAAGACCTCATTCACTGATG 686 55.3

R: GGGGCAAAAGACAGCAAACAAAG
galanin F: TTCACTCTCCAAAGACCAACTG 602 55.3

R: AGCCGTCGAGTGATTGTGAATAC
pomca F: GCACAACCCATTAAAAGTCACAG 1077 56.1

R: TGCTGTTTTAGCCTCTAAGCTGG
agrp F: ACACCTTAAAACCGCAGCCAATG 583 56.1

R: GCACTACAGTCTGAGTGATTATG
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Table 2 Primers for real-time quantitative PCR amplification of npy, galanin, pomca and agrp
(5'-3) (bp) ()
npy F: CTGATGAATCCAAACATGAAGATG 279 60.1
R: TCCTCATATCTGGTCTGGGGG
galanin F: CTCCTCGGTCCTCGTCGTATT 265 63.3
R: GCTGTCCAGAGCCCCAATTTCTT
pomca F: ACAGAGGAGAACATCTTGGAATGC 269 62.9
R: TACACCTTGATGGGTCTGCGTTT
agrp F: TATGATGAGGATCTGGGCAAAGC 308 61.8
R: GGATTCTCTGTGCGAGTTTATGAT
1ld-s ( 1D) agrp 4d-n agrp
2d-n ( 1B) 2d-s ( 1E) 1d-s 2d-s
agrp 4d-n ( agrp
1C) 2d-s-r ( 1F) agrp 2d-s 2d-s-r
(P<0.05)(
agrp PCR 1d-n
agrp 1d-s agrp
agrp (P<0.05) 2d-n 2d-s agrp
1d-n 1d-s (P<0.05)
agrp (P<0.05) 4d-n 2d-s-r agrp
2d-n 2d-s agrp 1d-n 2d-n 4d-n
(P<0.05) agrp 1d-s
4d-n 2d-s-r agrp 2d-s 2d-s-r agrp
1d-n 2d-n ( 3
1 FRuZAZENBED & T KT agrp EERIEER
Fig.1 The expression of agrp in zebrafish hypothalamus
A agrp 1d-n B agrp 2d-n C agrp 4d-n
D agrp 1d-s E agrp 2d-s F agrp 2d-s-r

n= 20

50 pm
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Fig. 2 The number of cells expressing agrp in zebrafish npy
hypothalamus
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Fig. 3 The expression of agrp in zebrafish brains galanin
* P<0.05 n= 20 gapdh
B4 FEURZENBESETERYP npy BERIEER
Fig. 4 The expression of npy in the zebrafish hypothalamus
A npy 1d-n B npy C npy 4d-n
D npy 1d-s E npy 2d-s F  npy 2d-s-r

nz 20 50 pm
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Fig. 5 The expression of npy in zebrafish brains
n= 20 gapdh
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Fig. 6 The expression of galanin in the zebrafish hypothalamus
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Fig. 7 The classification of galanin expression in the zebrafish hypothalamus
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Table 3 The number of zebrafish that has a higher
galanin expression level 1d-n 2d-n 4d-n pomca
9 10 12 1d-s
14 10 22 2d-s pomca
30 22 20 2d-s 2d-s-r
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(P<0.05)( 10)
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Fig. 8 The expression of galanin in zebrafish brains
* P<0.05 n= 20 gapdh

2.4 pomca EEETERHBPHIRIE

1d-n  (
9A) 1d-s ( 9D) pomca
2d-n  (  9B) 2d-s  (
9E) pomca
4d-n  ( 9C) 2d-s-r ( 9F) pomca
pomca
pomca
pomca
2d-n 2d-s

pomca

LHA(lateral hypothalamus area) PVN(paraven-
tricular nuclens of hypothalamus) VMH(ventromedial

hypothalamus)
[25]

NPY GAL AGRP
POMC
NPY  AGRP
(MC-R) MC-R
POMC
MC-R NPY AGRP POMC
MC-R (<]
NPY GAL
[27]
PCR
pomca
POMC POMC
a (aMSH)
(281 2d-s
aMSH 2d-n
pomca mMRNA
2d-s-r



828 2 i Hereditas (Beijing) 2016 38
A
1d-n
D
1d-s ey, 2d-s
B9 RMFZENBEDETEMY pomca EERIEFR
Fig. 9 The number of cells expressing pomca in the zebrafish hypothalamus
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Fig. 10 The expression of pomca in the zebrafish agrp 4d-n
hypothalamus
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