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Abstract: A 210-day experiment was conducted to examine the effects of starvation
on survival, the gonadosomatic index (GSI), hepatosomatic index (HSI), and the
intestinosomatic index (ISl), and histological changes in the renal tubule epithelium,
midgut epithelium, and hepatocytes in Far Eastern catfish (Silurus asotus). The survival
rate decreased to 92.2+0.47% in the fed group and 74.4+2.59% in the starved group
during the 210-day experimental period. GSI, HSI, and ISI were lowest in the starved
group (p<0.05). The hepatocyte nuclear area, hepatocyte cell area, the nuclear height
of the midgut epithelium, and the nuclear height of the kidney were highest in the fed
group (p<0.05). The hepatocyte nuclear area, nuclear height of the midgut epithelium,
and nuclear height of the kidney were lowest in the starved group (p<0.05). The numbers
of melano-macrophages (MMs) found in the kidney cells increased during starvation in
this species. This suggests that thinner body cavity regions, the contraction of hepatocyte
nuclear sites, and the spreading of kidney cell MMs in this species could be used as
alternative indicators for identifying starvation conditions. Therefore, the results from our
study provide accurate indications of the nutritional status of Far Eastern catfish.
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o]72] 7]ot AHl= 2A5HA 7)ol £ASko] 2
St 4= I} (Theilacker 1986; Park et al. 2001). 7]oF]|
oF Z5o] AR A o] Ao ZT Ay
2] ArollA Kl E]lom, H]7F ARl 7]ote] A2k
Al 3 Folo] ¥shrt Addfiste] ettt Zlo]

ik (Alvarez and Cowden 1966; Storch and Juario 1983;
Striissmann and Takashima 1989; Park 2006). ©]#$t o]-#
£, Stoch and Juario (1983)+= TN S8 z0]7t o] 79
& AE Zle IRt F-817F A1 met AR HE Qloh
o, oA ze] Eo] 9 AYgxA0] ATt 7)okt o
o] (Cyprinus carpio) 2} Nothern pike (Esox lucius) 2] ZFoe]]
A PEEE 5, ol 7o Asp|@eAE Z]ote] avrt ut
ERLE A A A2 O] 2ol ke of Foll A G AdHl Zels #
St 2| EZ o] 851 Qlth(Kostomarova 1962; Ehrlich et al.
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Table 1. Composition of the experimental diets used in this star
vation experiment*’

Nutrition Content (%)
Crude protein 40.0
Crude fat 4.0
Crude fiber 5.0
Ash 15.0
Calcium 1.0
Phosphorus 1.0
Mineral premix*? 1.0
Vitamin premix*? 1.0

*Ehwa Feed Coporation (EP-No. 10, Busan, Korea).

*2\/itamin premix contained the following amount which were diluted in
cellulose (g kg’1 mix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8;
thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27;
folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate,
0.73; cholecalciferol, 0.003; and cyanocobalamin, 0.003.

**Mineral premix contained the following ingredients (g kg™" premix):
NaCI, 43.3; MgSO4~7H20, 136.5; NaHzPO4~2H20, 86.9; KHZPO4, 239.0;
CaHa(PO4) - 2H20, 135.3; ferric citrate, 29.6; ZnSO4-7H20, 21.9; Ca-lactate,
304.0; CuCl, 0.2; AICl3-6H20, 0.15; KI, 0.15; Na;Se»03, 0.01; MnSOa4-H20,
2.0; and CaClz-6H20, 1.0.

Aol E o] Fotet vty avE FAIZI7] 9
3] NaHCO; &X& 1,000mg L' 22 gt & d4te| =7}
¢l (Lidocaine-HCI, Yuhan Co., Korea) 200 mg L oA oF

1~2+7t mhE kAL, ZAA}A-& (JW-1, Acom, Poshen, Korea)
iU digital vernier caliper (CD-20CP, Mitutoyo, Kawasaki,
Japan) & AH&-ote] A5 A1%-S 0.01g,0.01 cm T2 7}
Z} Z7gokeh. A9 A2 Al ZF Aol Bt Al 3
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Fig. 1. Survival rates of fed and starved Far Eastern catfish, Silurus asotus, during the 210-day experimental period. The aggregate survival
rates of the fed and starved groups during the experimental period were determined by each of the triplicate groups.

http://www.koseb.org 317



| I
Korean J. Environ. Biol. 38(2) : 315-322(2020)

(a)

(b)

(c) o

444

5cm

Fig. 2. Typical external morphology of Far Eastern catfish, Silurus asotus, at the conclusion of the starvation experiment. Initial (a), and
groups fed (b), and starved (c) for 210 days. Note that the lateral ventral region in the starved group is thin (arrows in c).

& =S A7 e AEE-2 Fig. 10 YERS HE
o} Zro] Adolitoll A 92.2+0.47%, 710HLoll Al 74.4 £2.59%
ATH(p<0.05).

Z]ord 9ol mhE 71| 2192 Fig. 29} 7“’“1 7|0kt
2 Aol W 27]F ] SAE B QS Bl 7]

of &t AE2 Aol Bl=H oy A (W14 oflv =)

AFgo] U4 xqo]tq o|2 Qlgf| A4 Z&o] XA 14 9
A HEE Z R (Weatherley et al. 1987). & A
A& 21097+ Z]oF At v 7] 9] Aol Z7|ko] H]dH
7]oktoll A fastaen HoldoMe 7k AvE
H A (Fig. 2). 1€t §-AFSHA A (Paralichthys olivaceus)
A 1237F9] 7]of EoF HA o] 27|+ tH] AHo|e
136.2%% 57 71o0hE2 92.1% % A7t S Hel HE
It} (Park 2006).

Table 201 27|+ (initial), A1 0]+ (fed) Y 7]OF (star-
ved) ] A4 SR S4(GSI), 7+ SHFAS(HSD) E & 5
FAG(IS1)E HErH AT Adolw-9] oA GSI= 271+
¥} frolet 2ol S Kol gk ott (p>0.05), 71okE o
7494 GSIx= 7|7 % Aoltol Blsf folstAl W& 4t

Bt (p<0.05). Aol 29 GSI= Al 1 5 7F
B2 S BYOH (p<0.05), 27|} 7]obt A

o?‘iI'U
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Table 2. Changes in the gonadosomatic index (GSI), hepatoso-
matic index (HSI), and intestinosomatic index (ISl) in the initial, fed,
and starved groups in the 210-day starvation experiment in Far
Eastern catfish, Silurus asotus*"

GSI*2
Group HS|*3 IS|*
Female Male
Initial 43+220° 09+0.14* 16+105° 0.7+0.16°
Fed 47+261° 13+092° 14+0.81° 0.8+0.10°
Starved  13+0.15° 0.6+0.16° 0.4+0.30° 0.5+0.30°

*The value are means +SD (n=60) of triplicated groups. Means in columns
having same superscript letter are not significantly different among
experimental groups (p>0.05).

*2(Gonad weight /Total weight) x 100.

*3(Liver weight /Total weight) x 100.

**(Intestine weight / Total weight) x 100.

pLs TI’
(p>0.05), & o] 7]optH T} %943}7% 22 UrEMi
ATH(p<0.03). IS 271k Aot AtolollA] -2l et 2t
ol& Holx] eIt (p>0.05), AT F 71okLAA 2]
M 7P #e he At (p<0.05). YHHH o2 7|ol=
ofg] 22 9] FFol| kS v|AH, HEZolFollA HSI=



A4 dd T} Aol QlE Ao=E A QT (Lee et al.
2000). Lee et al. (2000)= 1501 (Scomber japonicus), F*c.
27| (Hexagrammos otakii) 2 2] (Oncorhynchus nerka)
O] HSI= AA14 Hgat 24424 02 Hlgsh= HH, 2o
(Plecoglossus altivelis) <t 1781 (Anguillia japonica)+= HHH]
gletotar B st o] Aot Ayt v|7] A9 GSI=
Z 723} Adoltoll A E=A] Z]okatell Al 7HE WL o™, HST
T olet fARHAl 27173 Aoltoll A= &1L Z]oktell
M 7P W2 dha YERAL Qlof H|7]= A4 A T
HSI7} Bl#[oh= o] F 02 SR1E Ik ?HH, #719] GSIe
Aoltoll A ZAAE Ko, 9] GSI= B Aol
A 710] GSI9l| Hlofl Eof, dart Ak o E 202
SIS o #, GSI9F HSI7F 273 Ao THof|A]
+ FroJek Aol & Holz] o2 Hf, 7]ok= AolHet 7F
JAl 4ol B F FFS nAE AR AbmErh
21047+e] Z]ofo]| whE AGA|E B 7 AFm A S
Folet ZHHIIE A7] ZAF AYH= Table 33 2 A7EA]
I HO| ol= Ao, 27w 18]l 7okt o 2 {9
2 ZHE YERATH(p < 0.05). AFAIE 2] 7]
+ Aolto]l the F wE Tt 1o, Z]okt AAIZ o] o
2 231 =5510] QI (Fig. 3a, b). A1732] dahd o4 4]
i + 7]okto] Aol#E FloH, 1 4 &
g 7]okato] Aol H Tt Wkt (Fig. 3a, b). ol FollA ezt
HoiAA s dirA o s vyt A W 2Ex4]9] 7]
Hof| ZA5HH, gt Aul7 stoflA Wehd oAM= o
R EETE L PERER

K 2l
Al R W, A2 Ao)Astell A HAAE

S

lo o

Table 3. Changes in the nuclear height of the kidney, nuclear
height of the midgut epithelium, hepatocyte nuclear areas, and
hepatocyte areas in the initial, fed, and starved groups in the 210-
day starvation experiment in Far Eastern catfish, Silurus asotus*

Initial group  Fed group  Starved group

Nuclear height (um)

Kidney 3.4+050° 4.1+0.62° 25+0.33°

Midgut epithelium ~ 5.3+0.48° 6.7+0.73° 4.5+0.55°
Hepatocyte area (um?)

Nucleus 0.7+0.27° 1.2+0.56° 0.3+0.20°

Cell 99+267° 165+3.62° 9.9+3.06°

*The values are means = SD (n=60) of triplicated groups. Means in rows
having different superscript letter are significantly different among experi-
mental groups (p<0.05).
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2 YEPATH(Seol et al. 2009). T-%0] o] g M| 2=
AT, EF H AR o[ oAk A HE glo
™, ol HIAA| = QIZFO] tiAA| L} FASH S4E
A2 tiAbstal AellA tefet WY 7152 sk A
o2 A It (Roberts 1975; Agius and Roberts 1981;
Agius and Roberts 2003). Bt AN ZE= BF opofsh
A2 (dehd, 224, S| RAIE ™) E ohekal QlowH,
L35t T Aol Sl AElolAl 1L 9l Hurt kst
A, AEY A e 52 A 22 v Q) A AdE
oflA o @ol] yepdo] Harg Hf QIth(Agius and Roberts
2003). °l= HI71E tF o=z gF & AFolHE 7)okt
A A A 2 Fat 2717F S7HE AyE Fof gl
E|lom, olefqt Ait= QXA E55 (Oplegnathus fasciatus)
4 eletn]o}(Tilapia mossambica) A= BilE H} Qlck
(Agius and Roberts 1981; Hur et al. 2006; Seol et al. 2009).
gt | 7] ol A epd oA A a2 o] -t 27]5= Aol
Z7)5 Atololli= Frolgh 2fol & Ko7 ¢ Hl, ol Hur
et al. (2006)°] E7F F2|ol| A 125:7k9] 7|} <k Wat
fAA 2 2 H97 2ol A 0.21~0.29%, Aol
oflA 0.25~0.28%°] H91E H Q1 Aot 11 B o] fAKSH
Ak olgt Axte AHol7h Wepd iAo St 4
7] Hgto] FFe HAA GeS AAfehs AoR AR
.

A 39 Fole Aol 7|F T17|al 7)o}
T AR FOoH =2 e HAo™ (p<0.05), F
A HO| YEl= AolTollAe 2L ISR, 7)o}
ol A= AEskal EFA%E BeFol 1t (Fig. 3¢, d). Jack
mackerel (Trachurus symmetricus) 14 % AT A LE L3t
gk A3l7|o] Z]of Al GRS e Ao s HuE HE glo
™ (Theilacker 1978), ©|} -FAFSE A3HE 2 A2 7]ofet
| 7]9] A A A azof| A ZQlgh 4 131 Park (2006)
FESE 1257710] YA] Z]otd oA A A mA| A B19] =0l
datgko] Z]oktoll A= Fastal Holtols S7tsk=

= HAIRE uf Q. o]} frAlSHA] 710t Bt At &
ol = 2219] 2|5 A¥Fso] of2] dA5Ate] 9

=] QITh(Park 2006).

A3 B 0] A A2 HolFto] 7|3 B Z|oltH T &
oJstA Wl om, 7]ofto] WA o] FoJ5tA 71 Aghtt
(p<0.05). ZHA| O] HALL- Ado]to] thE w5l HIsl
OJsHA 7V & e Hlom, 27|73 7]okt AtoloflAf

!, ol
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Fig. 3. Histological appearance of the kidney, midgut epithelium, and liver under starvation conditions after 210 days in Far Eastern catfish,
Silurus asotus. Histological observations of melano-macrophages (MMs: white arrow) in the kidneys of the fed (a) and starved (b) groups.
The white arrows in (b) indicate the exact increase in the degree of MM deposition in the starved group. Midgut epithelium of the fed (c) and
starved (d) groups. Note the reduction in the nuclear height of the midgut epithelium in the starved group. Livers of the fed (e) and starved (f)
groups. Note the reduction in the size of the hepatocyte nuclei in the starved group. Hematoxylin and eosin staining. Bars indicate 10 um.

L golat AJolrh LRk 3kt (p>00s). ZAES] B AR Sokrol Al 2 v] FUT FEiS 1 oith(Fig
ope A AmAmel SAISH AolFOIAE AT FUst 36 ). UlEe] ol Mgt dofo] FFEW T 4
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of Z17)} moo] AHSHA, T84 £ A9 VAL
o] Ug-=o) Mg aA BudE HeE T, ol ujet ool
A7} ko] HASFA T (Alvarez and Cowden 1966; Storch
and Juario 1983). o] 23t B[4 A= & Aol A= TH
A3 S o] WA, moF Bl 4=0] Zfo]7} P o] gl 4
UeH, 2 13°CollA 37 EIEe] Z]ot AEE A 1
=3t B2 7)o (Salmo gairdneri) 2] 7+ 2| A = T
=l =t %Q'(Robertson et al. 1963). T3F b sHo] 7]
W2 FF EE Felsks H 785171 tiizoll Pejerry
(Odontesthes bonariensis), #9F2] (Epinephelus akaara) 2
o], Z0]-Z2} (Sebastes schegeli) zZto] W A0] (0. keta) Z|°]
S A9 o]FE =R g 7]of AFeA TR F T
(Striissmann and Takashina 1989; Lee et al. 1998; Park et al.
1998).

2 A= 7ol A e 7ot avE AEE, 4 W 23
O] AT E A7 229 ¥z} TS Fofl ZAFSHITH
2 Aol =EH GSL HSTE 119} 417, A Afm 2 71
O] 214 Wgt A= =l F8 AUV T w7
of izt 71= A=A eJu|7t 9low, 7]otof gt U7
Z7] o] Wste] thigt AH = o] 7] A AHE Il
U= AER E8E ¢ US AoE AlmE:

N 9

7] (Silurus asotus) ] 710F Al A&
(gonadosomatic index; GSI), I+ &
index; HSI) 2 2k %%]:X]—?(intestinosomatic index; ISI)Q]'
AIANEE, 7 A A 2 9 ThA 0] 221812 W SkE XA}
SFATE AEE&-2 Aolto] 92240.47%, 710kE0] 744+
2.59%E H3om, GSI, HSI 9 ISIi= Z]okoll Al 7P &
2 & YE AT (p<0.05). A E &9 o] A A}
AL SO o], ThA|IL SHo] T7] Bl TRA|IES] F7]=
Aol A 7HE =2 3He B om (p<0.05), AFAIE
S0 o], A AL 39| o] Fl TRA|E JO] F7]=
710kt 7HY W2 g2 BT (p>0.05). ebd oAl
A2 (melano-macrophages; MMs)+= 710} &<t Al7of| A
7V ot A7) MMs 7 E A 2] 5
&2 719 7ot FEiE Ak A RE o8 4 QL
™, & A7) At w719 FF GH =elS fiR 7]
AmEA o7t & Ao & Atm

&, AL TEAT

2] 4= (hepatosomatic
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