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The effects of starvation on the growth, survival and hepatocyte nuclear size of the just
hatched grass puffer, 7akifugu niphobles larvae were studied. The total length of the
larvae showed increase up to 3 days after hatching (DAH), however, 3th to 6th DAH, the
starved group grew, slower than the fed group, significantly. The body weight of the fed
group grass puffer showed increase steadily during experimental period. The body weight
of the starved group showed increase until 3th DAH, however, after 3th DAH the growth
of body weight showed minute decrease. The survival of starved group decreased more
significantly lower than that of the fed group and all the larvae died on the 6th DAH
(p < 0.05). The nuclear area of the hepatocytes in the starved group were not significantly
different from those of the hepatocyte nuclei in the fed group to 3th DAH, however, the
starved group showed histological differences with smaller hepatocyte nuclear size compared
with the fed group from the 4th to 6th DAH. Results form this study can be used as an
indicator of the nutritional status of grass puffer larvae.
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Fig. 1. Total length and body weight of grass puffer, 7akifugu njphobles fed and starved for 6 days during experimental period. Values
are means * SE of triplicate experiments (n=10). Different letters on error bars are significantly different between fed and starved groups
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Fig. 2. Survival of fed and starved grass puffer, Takifugu niphobles
for 6 days during experimental period. Values are means + SE of
triplicate experiments (n=10).
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Fig. 3. Hepatocyte nuclear areas of fed and starved grass puffer,
Takifugu niphobles from 3 to 5 days after hatching.

I
X

b XH0{2] ZEA|
,7_Hk1|£ WA B
4, 113203 pm?
Hm2Z2 LtE}

BAA[ZHO|

0
qr
tot

19
ok W
rh
-
1o

N

=
oW
UJI+
I+

w

0:

Z Q18 K

]
jE
]
2 2
_l.l.
o &
-|o+ i

o
Tl
-
Hr
ot

Bk
i
we 5
£Q
o
N
o T
v 2
i

)
=

Hr
ot
)
<
To

rr
- 0%

Q

N
N
o N _|0I-

[~
=
Kl
g
1%

OI 1000~10.99, 11.00~11.99, 12.00~12.99 pm22!
THEAM 16, 34, 26%2| Bl= 2XE LIEHY, £
B EHE2 11.00~1199 um0j|M 715 =2
SUM, FAIFOl 507 7HMZE o &
99, 6.00~6.99, 7.00~7.99 um?9l Z42 2z} 16, 11,
8HEAM 32, 22, 16%2| HIE #EE LIEILY, &3} W EA
HEMHEL 500~599 pm2Oj|A 7+ Bl

[y

r2 rEofob sy
bl
B g o
_r‘lﬂw_l\'l
L H o
o
Omlmzaooh:l
N —
_;_‘:\l

(9a]
—_

=1 O
2 5%
Lo
IT —

!
1z
-
)
r\l
=
Hl
Rl
o
ijn

Hl
iy
o

w
[0
Hu

e
2
Ok
il
-
xe}
-4
r
™
=

g0 ot
il
=
Hr
HI
1o
m
e ok o
ogt

2

sl
Q@
fot
rr &
10 s
I rlo
ot
w
o

rk Of

il
-1
1o

X
st
mn

g
rE
|0
i

-4
10

m
]
=
ki
s
10
]
N
N
A
B>
m
H
Hr 1>
ng



30 April 2017; 2(1): 27-33

50
e Starved
¥ 13
40 SD: 0.54
—_ n :50
g
= 30
[
[=4
g
o 20
o
[
10
0
3 4 5 6 7 8 9 10 1 12 13 14
50
Q Starved Fed
X :54 ¥ 12
40 SD: 0.63 SD: 0.48
— n :50 n :50
5 p—
= 30
(&}
C
(5]
> 20
g
[
) H H
oL
3 4 5 6 7 8 9 10 11 12 13 14

Hepatocyte nuclear area (}unz)

Fig. 4. Frequency distribution of hepatocyte nuclear areas of
starved and fed grass puffer, Takifugu niphobles. a: at 3 days after
hatching; b: at 5 days after hatching.

Allyn and Alexander (1985)2] 210f| 2™ MU, Lejostomus
xanthurus XtO121 A2 Q|2 HAHF JHA| A|7|0] Ho|E S5t
X 2 7|otQl A<, 7|oF 3Y Thoj| Xtofo| XMHo| 243| ==
CIHAM 2E XHO{7F HASIUCIY HASHRICE 2 HHM =4,
Takifugu niphobles 52t X019 HE, MBQ| Hats Hot 2 3¢
Te 3a7 % AT BF ME FASHH B718 ALz Lt

pa

EFGEA| T, F2t = 3% 0|2 RH I3+ £3t X0je] MY, HF
2 A&Dt0] Soteh g, BAFO M 2 HLoACE Lot &
2T % 2AFo 4EE2 7ot = 38 MR gL45ts HIEO
FARBIRCL, £3t = 3¢ 0| REE= EYFO dES2 35
To| EE0 vl S48 B A2 LI, 0l 24
FEHQ g2 0)F Aoz HEHE

o
hepatocyte)2| &
HOH 7HME &Ho| LEF0| H|HAK| TH A (non-chromosomal

Takifugu niphobles 52+ Xt0{2] 7|0k Al 21t 8 31

Fig. 5. Histological appearance of hepatocytes of grass puffer
larvae, Takifugu niphobles (a: at 3 days after hatching; b: at 5 days
after hatching). Bars indicate 10 pm.

protein2 HetE(0], Z= HO| HE|QF 7|0 M Q| M7t LofLt
A ElCHAlvarez and Cowden, 1966; Storch and Juario, 1983). [Ct2}
M 2 7o 54 3t [ QAR ofF LM &7| 7th=
SHo| e W 37| W RAts OfF LRI XH07|2 L
EHE Hote = e o 7KK XBEE AM8E £ Qe AR A
EEICH 231 Xtofo] 42 o 7t BY W MK LS o
FIotR| RoHH k| E|9t7t O|R O X|HAM Kol 23t = £
LHOIl T ALSEAH EICHO'Connell, 1976; Theilacker, 1978; Wang and
Takashima, 1984; Striissmann and Takashima, 1989). ZA!(7|0F) A|
OfFQ| ZHMZ o HEf 3! 37| Wak= FOf w2t O Y, "

#
[
e

“

http://jmls.or.kr



32

2 Lol S7kAK],

= 62 ofuof 2t
Aoz EIEC

A

17|, Chanos chanos Xt019] HLE 831 F 10
Siganus guttatus?| A<= O|E2L} WE 3}
MzZo| Hol7t S25HH LO{LIBA m AR
(Storch and Juario, 1983; Segner, 1985).

= @70 Zit, 54 F3t Xpofo] ZHM = o
AT 2 B3 2 3YA iKX= 2 X0|7F gL
At Ol REH XO|7F LI7| A|ZISHHA 4LXt £EH
8 37|71 fMY| CHE ZNE RO, 83 = 4~
o] 37|= SST7F AT 2O 9 161~2.15H]
2 LIEFHCE Of2fet Zit=

27t 237 5,

ol
=

k=
=
o

w

N =
LA g () i}

He 2
milkfish 2 AT ZtM|ZE
CHz= =Lt 15H) O|AF Zt11(Storch et al, 1983)

H|5]|2{|0|, Odontesthes bonariensis2| A= 144 0|4 &2 2o
2 H3(Striissmann and Takashima, 1989)%! Zi1t bl A|, 54

7o Xoj= CHE O1ROf Bl 7|0F Al & 37|19 Z4E0| b

o 2 Aoz HEtECh

)]

lycogenO| A-Hj|
SHLY H|GAMH| ote| Autof 7|
QI o2 &e4X UCKStriissmann and Takashima, 1990

2 o 24, B 23 Kojel He g
A K= ZEMZ & 37] AAT7F LOLER|
Al7|0f 23} Xto]2 H
A7

& ooz

[=]

o olgl

re

XM s
= T

oto
AT

=

A ME

- O,
2 X0[E 2O[X|

M
=

1
1o
H

r\l
=
H
Hu gt
L

o
183
12

>+u
9
qr |0
ot

|0

u

1
S

m
B2

Rl
<
rob 10 mju
by
Ot
Pl

—_

A= PNRS MO £}
| 22 24 &3} X}of
3t Xtojof His LHEX o K| L]
2 (Bagarinao, 1986), PNRO| =E&st7| H7tX| 20|
£ A7 o)7L B2 AR AMREIDL

~

©
o))
=
=]

oF 1 > ot
o rju

84~
L

hu
_|

02
o
-
o
rir
rC
ol
ot
o

s T
o

= 0
EL?S}‘O

30
o
>

=
=

x
I
ot
-+
30

= 280 ABE =4 Fef Xt0fQ] 7|0t Al =tz ol HY, H
S 4EE U Mz o B Hat Zuks 54 3t Aoje I
GHHE B + U= XEZ 28 5+ US A= 45
0 CS0|, 54 SR2YL Al H7F Ho|SZ Al7|et 2&et X0
o ‘42| S0 et 7|=NBEM REY AR ALREIL,
Sha o 4 Y ket x|

1z

1z

o
0

= o

o
rz

1o o nE rir
10

El o%

Alvarez MR, Cowden RR. 1966. Karyometric and cytophotometric
study of hepatocyte nuclei of frogs exposed to cold and
prolonged starvation. Z Zellforsch 7: 240-247.

Allyn BP, Alexander JC. 1985. Morphometric indices of nutritional
condition and sensitivity to starvation of spot larvae. Trans
Ame Fish Soc 114: 338-347.

Bagarinao T. 1986. Yolk resorption, onset of feeding and survival
potential of larvae of three tropical marine fish species reared
in the hatchery. Mar Biol 9: 449-459.

Baic D, Ladewski BG, Frye BE. 1979. Quantitave ultrastructural
studies of hepatocytes from fed and starved frogs. J Exp Zool
210: 381-416.

Han KH. 1995. Morphology, osteology and phylogeny of the
fishes of the family Tetraodonidae (Teleostei: Tetraodonti-
formes). Ph D Thesis Pukyong Nat'l Univ Busan Korea 205 pp.

Han KH, Oh SH, Seo WI. 2003. Ostelogical development of larvae
and juveniles of the grass puffer, Takifugu njphobles. Korean
J Ichthyol 15: 193-199.

Han KN. 1998. Effect of starvation on growth, survival and feeding
incidence of tiger puffer (Takifugu rubripes) larvae. J Aquacult
11: 521-528.

Jang JH, Yun SM, Kim JS, Lee JS. 2008. Toxin profile in the liver of
puffer fish, Takifugu njphobles, and changes in mouse toxicity
by pH and heating conditions. J Korean Soc Sci Nutrit 37:
612-617.

Kim IS, Kang YJ. 1993. Coloured Fishes of Korea. Academy Pub-
lishing Co Seoul 477 pp.

Kim YU, Kim YM, Kim YS. 1994. Commercial fishes of the coastal
and offshore waters in Korea. Nat'l Fish Res Dev Agency
Korea 299 pp.

Lee KK, Kim YH, Park I-S. 1999. Effect of starvation on some
nutritional parameters in RhAynchocypris oxycephalus. 1. Char-
ateristics of the histological and biochemical change. Kor J
Ichthyol 11: 33-41.

Mustafa S, Mittal A. 1982. Protein, RNA and DNA levels in liver
and brain of starved catfish, Clarias batrachus. ) Ichthyol 28:



30 April 2017; 2(1): 27-33

396-400.

Myoung JG, Kim HS, Kim PK, Kim YU. 1992. Morphological
changes during starvation of larvae of left eye flounder,
Paralichthys olivaceus. Korean J Ichthyol 4: 20-28.

Myoung JG, Kim JM, Kim YU. 1990. Morphological changes during
starvation of larvae of red sea bream, Pagrus major. Korean
J Ichthyol 2: 138-148.

O'Connell CP. 1976. Histological criteria for diagnosing the starving
condition in early post yolk sac larvae of the Northern
anchovy, £ngraulis mordax Girard. J Exp Mar Biol Ecol 25:
285-312.

Oh SH, Han KH, Kim YM, Joung HH, Shin SS, Kim YU. 2000.
Spawning behavior and early life history of grass puffer,
Takifugu niphobles (Jordan et Snyder) (Teleostei: Tetraodon-
tidae). Korean J Ichthyol 12: 236-243.

Park 1-S 2006. Histological changes of hepatocyte and intestinal
epithelium during starvation in olive flounder, Paralichthys
olivaceus. ) Kor Fisher Soc 39: 303-307.

Segner H. 1985. Influence of starvation and refeeding with
defferent diets on the hepatocyte ultarstructure of juvenile
Siganus guttatus Bloch (teleostei). Zool Anz 214: 8190.

Sezaki K, Kobayashi H. 1978. Comparison of erythrocytic size
between diploid and tetraploid in spinous loach, Cobitis
biwae. Jap Soc Sci Fish 44: 851-854.

Storch V, Juario JV. 1983. The effect of starvation and subsequent

Takifugu niphobles 22t Xt012| 7|0t Al 2ut T4 33

feeding on the hepatocytes of Chanos chanos (Forsskal)
fingerings and fry. J Fish Biol 23: 95-103.

Storch V, Stahlin W, Juario JV. 1983. The effect of different diets
on the ultrastructure of hepatocytes of Chanos chanos fry
(Chanidae: Teleostei) and electron microscopic and morpho-
metric analysis. Mar Biol 74: 101-104.

Strissmann CA, Takashima F. 1989. PNR, histology and morpho-
logy of starved pejerrey, Odontesthes bonariensis larvae.
Nip Sui Gak 55: 237-246.

Strissmann CA, Takashima F. 1990. Hepatocyte nuclear size and
nutritional condition of starved pejerrey, Odontesthes bon-
ariensis (Cuvier et Valenciennes). J Fish Biol 36: 59-65.

Theilacker GH. 1978. Effect of starvation on the histological and
morphological characteristics of jack mackerel, 7rachurus
symmetridus, larvae. Fish Bull 76: 403-414.

Wang Z, Takashima F. 1984. Histological changes in digestive
organs of carp larvae during starvation. II. Liver and pan-
creas. Suisanzoshoku 32: 44-53.

Woo SR. 2005. Effect of starvation on parameters in olive floun-
der, Paralichthys olivaceus (Temminck et Schlegel.). Master
Thesis Korea Maritime Uni Busan Korea p. 1-77.

Yin MC, Blaxter JHS. 1986. Morphological changes during grow
and starvation of larval cod (Gadus morhua L) and flounder
(Platichthys flesus L.). ) Exp Mar Biol Ecol 104: 215-228.

http://jmls.or.kr



