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Effects of Starvation Stress on the Histological Structure of the
Digestive Organs for Juveniles of Trachinotus ovatus
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Abstract: By using morphorlogy and paraffin section technique, effects of starvation stress on the histo-
logical structure of the digestive organs including esophagus, stomach, pyloric caecum, intestine and
hepatopancreas and their characteristics of changes were investigated in 375 juveniles of Trachinotus ova-
tus starved for 0, 3, 6, 9 and 12 d respectively for the purpose of understanding the changes in morphorl-
ogy and histology and capacity of tolerence under starvation. The histology results show that effects of the
short time starvation within 3 d on the digestive system were of no significance, with starvation time injury
began to occur in digestive organs. The damage to digestive organs was lesser from the 6 to 9th days after
starvation, and on 12th days after starvation, severe damage were found. Lumen of digestive tract became
narrow and thinning, the epithelial cell boundaries were blurred , epithelial falled off and fractured, and
secretory cells bacame smaller in size. Damage of histological structure in esophagus by starvation were
minor compared with other organs. The effects of starvation were similar about the histological structure of
the stomach, pyloric caeca and intestinal tract. Severer damage were found in hepatopancreas than other

organs. In conclusion changes to varying degrees took place in digestive organs of juveniles of T. ovatus
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by starvation, and effect of starvation on differenct organs varied as time.

Key words: Trachinotus ovatus; juveniles; digestive organ; histological structure; starvation
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Fig. 1 Comparison of histological structure of esophagus for juveniles of 7. ovatus before and after starvation

a: YLK O d, 200 x; b: WLK3 d, 100 % ; c:
W% 9 d, 200 x5 f: YLk 12 d, 200 x

d. @L’ﬁk6 d, 200)(; e:

Wl 3 d, 200 x ;
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Table 1  Changes in histological structure of esophagus after starvation for juveniles of T. ovatus
il B0 d M3 d Mgk o6 d M9 d Mgk 12 d
G H AR/ mm 1.917 £0. 045" 1.648 £0.079" 1.512 +0.115° 1.515 £0.221° 1.365 +0.222°
A4 BE JELBE/mm 0.597 £0.019* 0.563 =0.052* 0.506 £0.073" 0.528 +0.094" 0.393 +0.061°
R )EEE/um 38.89 £6.20° 34.47 £5.88" 24.15 £3.44° 20.67 £3.35" 17.62 +3.33¢

A EER S/ wm 346.25 £35.18"  332.19 £31.20°  312.62 +£52.05"  322.45 £46.62"  255.27 £39.43"

B TE R/ wm 255.95 £29. 65" 182.86 £17.04"  168.90 £26.13"  145.08 £31.06° 127.40 £21.59°
MARAIM KA/ um 15.61 £2.02° 11.83 +1.12° 13.56 £1.42° 12.89 +1.91™ 12.39 2. 16"
PR AS/um 8,71 1. 65° 7.85 =0. 88" 8.33 £0.83" 8.38 +1.05° 7.83 +1.03°

D) AT b A ARFEVNG TR E FOR YR Z [ 225 B3 (P <0.05), WA MFE/NG FHEIRARZRARE (P>

0.05)
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Table 2 Changes in histological structure of cardiac stomach for juveniles of T. ovatus before and after starvation

BUETH YLk o d YLk 3 d Pligk e d YLk o d k12 d
B HAR/ mm 2.713 £0.201° 2.339 £0.192" 2.122 +0. 136" 1.825 £0.096" 1.650 +0. 087"
A REJE EF /mm 0.931 £0.099* 0.830 +£0.085" 0.789 +0.121" 0.739 +£0.075° 0.552 £0.031"
FEREEE/um 52,17 £8. 46" 42.37 £5.37" 36.78 +5.26° 35.07 +3.92° 21.98 +2.60"
A EE R/ um 327.35 +23. 88" 288.04 +26.72" 267.46 £15.91" 266.29 +30.99" 218.17 +25.66°
A G/ pum 528.44 £34.72° 492.92 +53.52" 487.34 +58.75" 488.45 +44.78" 375.91 £32.28"
WUANZJERE/um 151.35 +10. 10° 145.75 +13.89"  133.30 £10.54™  129.27 +18.25° 100.97 +19.78*

1) AT A ARV NG PR FORPURAL Z 8] 22 53 3% (P <0.05) , b AR/ NG T 0k FoR 4L 22 57 A8 3% (P > 0. 05)

* 3 DURAETS BRIE RS 4]

GRERSE S A R A

Table 3 Changes in histological structure of fundic stomach for juveniles of T. ovatus before and after starvation

ER=E 3 YLk o d YLk 3 d Pk e d PUK 9 d Pk 12 d

B H AR/ mm 2.377 0. 170" 2.141 0. 178" 1.988 +0. 138" 1.967 +0.206° 1.667 £0.107"
4 B¥ JELRE/mm 0.802 0. 181° 0.740 +0. 118" 0.739 0. 082" 0.709 +0. 107" 0.507 £0.063"
LR/ um 52,16 £5.05° 42.56 £6.56" 34.62 +3.66° 32.40 £3.06° 27.26 £3.01°
S5 = BE/ um 623.39 £49. 46° 530.07 +44.55" 524.57 +44.92" 514.57 +34.22" 424.69 +46.43°
AEBETEE/ pm 323.43 £27.71"  290.30 £27.47"  248.76 +28.78° 243.29 +23.79° 237.71 +31.43°
WUAZEE/um  148.80 +19.29° 129.69 +21.04" 122.92 +16.30"  98.59 +8.23° 95.11 +11.06°

1) AT A AR NG P RS FORPURAL Z 8] 28 5 .25 (P <0.05) , A AR/ NG 05 FoR 4L 22 57+ A8 (3% (P > 0. 05)
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Table 4 Changes in histological structure of pyloric stomach for juveniles of T. ovatus before and after starvation
5 T Pk o d k3 d Pl e d YLk 9 d Pk 12 d
B H AL/ mm 1.361 0. 129° 1.321 +0.129" 1.231 +0.130" 1.303 0. 140" 1.298 +0.034"
S REJELHE/mm 0.478 +0.079™ 0.526 +0.116" 0.427 +0.088" 0.403 £0.076" 0.395 +0.083"
b REEE/um 39,51 £3.88° 30.16 £2.61" 28.01 £4.96" 23.56+1.71° 21.52 +£2.26°
AFBEES T/ um 353.11 £32.71° 328.06 +16.83" 323.08 +30.18" 317.00 +28.17" 301. 11 £27.72"
AEEEVERE/ um 243.19 +24.92° 235.10 +14.64™  217.63 £31.19™  212.08 +23.38*  195.46 +10. 33"
WAZEERE/wm  157.09 +11.72" 138.20 +15.25" 118.57 +11.07° 116.87 +8.91° 112.00 +10. 89°

1) [AA7 HbsA ARV ING TR FORYURAL 2 8] 22 5+ 8.3 (P <0.05) , b MIR)/ING 5-hE % R 2 6] 22 57 3% (P > 0. 05)

K2 DLHG B R as L)t H

Fig.2  Comparison of histological structure of stomach for juveniles of T. ovatus before and after starvation

a: PUKO d, 100x; b: Hlik3 d, 100x; c:

HAU L

Pk 6 d, 100 x; d: YUk 6 d, 200 x ;

e: YUKO d, 100 x; f: YLK d, 200 x ; g. YLk 12 d, 100 x
BC: IMi40ffL; BV: If%; CSM: ¥L; GC: MtR4uf; GG. HiR; LP: FEAME; LSM: HWL;
M: ZHEZE; MC: WUZ; S: 2KBE; SCE: MZHR LRz; SM: FiE T2
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Fig. 3 Comparison of histological structure of pyloric caeca for juveniles of T. ovatus before and after starvation

a: JUERO d, 400 x ; b: PLKO d, 200 x 5 c:
WUk O d, 400 x 5 f: L%k 12 d, 400 x

d; /l:ﬂ/ﬁk6 d, 400)(; e:

Wk 3 d, 400 x ;

BC: M#H/fl; EGC: MERRITEMURIANN; GC: MutR4nfg; MC: JUZ; S: JKBE; SCE: BZHAR bR, SM: FilE TR

£S5 DUBRAGIS UL RS 40 o 1] A S R s AL

Table 5 Changes in histological structure of pyloric caeca for juveniles of T. ovaius before and after starvation

HA T E % Pk o d k3 d ke d Pk d k12 d
I HA%/ mm 0.363 0. 023" 0.329 =0.023" 0.341 £0.038" 0.258 +0.022° 0.313 +0.034°
A BER I/ pm 105.28 +10. 35" 99.76 +11.17* 92.22 +8.45™ 90.02 £8.69° 91.96 +7.28"
4 BE ST/ wm 48.88 +6.04" 42.83 +5.65" 39.77 +6.00" 37.94 +2.84° 35.42 +4.11°
R AR/um  7.90 £0.47* 7.53 +0.76™ 7.41 £0.80™ 6.93 £0.86" 6.92 £0.62"
PRI A4S/ um 5,66 +0. 50° 5.20 £0.55" 5.24 £0.51" 4.78 +1.12" 4.33 +0.82°

1) AT A ARV NG RS FOR IR Z 8] 22 57 3% (P <0.05) , bnA AHIR/NE i35 FoR 4l n) 22 57 A8 3% (P > 0. 05)

2.4 fLEBME X IR L ERES 4h & R iE 4R R LR DRI RO

YN BRAS 4 1 i 3B n] oy DAL P SR B =
oy, Wi R ERERN, BBk, k.
HHAM R FBIZ . BT R WUZFSZ A AL
(Bl4: a, by c)o BBEJZ M 2R AL,
MMHES R, e, O TR,
(RYEE i Al S SN 1 Y O o & 1 e ]
A D EEVE TR U 200 R S AR AR A i,
PR AR MK AT 25 B i £ o 5 I A

e BB T RT A A P o VU il 21 4S540 Y
W, Y3 dar. B RS e
B (4. d. el )5 YLH6 d ATk A iz
HAGHZARE (E4: g h), JEHH LK
200 B BRIT AR, A LEEAE B G, HSUsRAL
(K4: 1) PUR O d il 43073 A AN TR B2 2 A4 45
Ui, SRR (B4 j. ko D5 JUKk 12 d fpiE
ERAHAUR BB . WiREBIR (K14 m n| o),
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Fig. 4 Comparison of histological structure of intestine for juveniles of T. ovatus before and after starvation

a: Hilm, YUk O d, 200 x; b: Hlim, YLK O d, 200 x; c: 5, YUk O d, 200 x; d: #ilm, YU#K3 d, 200x; e:
W, DUK3 d, 200 x5 f: Jalg, PUHK3 d, 200 x5 g: Fifls, YLUEK6 d, 200 x5 h: Hlg, DLHK6 d, 200 x5 i: JEla, Wl
Ho6d, 200x; j: Hifm, Y9 d, 200 x; k: PfF, YLEK9 d, 200 x5 1. 585, YLEK9 d, 200 x; m: FifE, YUk 12
d, 200 x ; n: HFlg, YUk 12 d, 200 x; o: JEfm, YLEk 12 d, 200 x

BC. M#ifg; CSM: 3FL; EGC. FERYEMURANMI; GC. MORZNME; LP. [ 8E; LSM: AL M. HilR/zE; MC: fl
JZ; S: JEMEE; SCE: MR [Hz; SM: R TZ
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Table 6 Changes in histological structure of foregut for juveniles of T. ovatus before and after starvation
:0)7} Pk o d Uk 3 d Pk e d Pk o d Pk 12 d
B AR/ mm 1.508 +0.103" 1.152 £0.096" 1.017 +0.116° 1.010 +0.035° 0.827 +0. 049"
A& REJELRE/mm 0.324 +0.010" 0.299 +0.033" 0.310 £0.317" 0.302 £0.049" 0.285 +0.293"
LR /um 30. 13 +4. 49° 28.96 +3.43" 27.05 +2.78" 23.73 £2.55° 23.54 +1.94°

SR BE/ um 228.05 £32.26"  231.58 £22.74°  210.84 +14.71"  207.92£19.90"  190.16 =27.64"

BB S5/ m 83.35 £19. 67" 82.23 £12.48" 63.53 +6.30" 49.81 +6. 66" 51.22 +7.44¢
ORI AR/um 9,42 £0.32° 8.44 +0. 86" 7.50 0. 84° 7.43 £0.90° 6.90 +0.75¢
PR AL/ wm 6,27 £0.48" 5.95 +0.65" 5.35+0.73" 5.33 +0.66" 4.95+0.43"

1) AT A AR NG F RS FORPURAL Z 8] 22 5 3% (P <0.05) , b AR/ NE FhE5 FoR dln) 22 57 A 3% (P > 0. 05)

RTYURATIS IR BEEL4) 0 h A 4L S g

Table 7 Changes in histological structure of midgut for juveniles of T. ovatus before and after starvation

a7 DLk o d MUk 3 d Mgk 6 d ko d Mg 12 d
B HA%/mm 1.013 0. 050" 0.982 +0.081* 0.865 0. 086" 0.761 £0.074° 0.738 +0.036°
& REJEL R /mm 0.342 +0. 040° 0.313 =0.037* 0.284 £0.025" 0.251 £0.039° 0.243 +0.019°
FEREEE/um 29.54 +3.15° 25.28 £3.43" 23.58 +1.56™ 22.13 +1.87 20.97 +1.21°

S5 =/ um 203.89 +£27.56" 189.77 +25.58"  168.81 £18.55™  176.42 +21.12"  161.30 +17.34°

AEETE L/ um 64.54 £5.74° 62.79 6. 14° 56.27 £4.51" 53.89 +6.01" 51.51+7.37"
FRAR I K AR/ um 8,75 £0.49° 7.36 +£0.77" 7.18 £0.79" 7.08 £0.63" 7.09 £0.71"
FORAMIAE S/ wm  6.70 £0.58° 5.87 £0.59" 5.85+0.52" 5.34 £0.63" 5.26 £0.60°

D) [Af7 bR A ARG RS FORYURGE 2 [0 22 53 B3 (P <0.05) , AnA AHIF/ING FRE# FoR 4 1] 22 5248 B35 (P > 0. 05)

8 YURHIIS L SRESL) (05 A 41 R Sk i 75 AL

Table 8 Changes in histological structure of hindgut after starvation for juveniles of 7. ovatus

I=17] P o d Pk 3 d YUk 6 d P9 d P12 d
I HA%/ mm 1.595 +0.077" 1.540 0. 095" 1.547 £0. 068" 1.318 £0.079" 1.282 +0.084"
A4 BEJELBE/mm 0.507 0. 088" 0.456 +0.039* 0.413 £0.070" 0.381 £0.050° 0.412 +0.055"
b R)EREE/um 35,40 £2.87° 29.70 £3.01" 27.16 £2.77° 23.39 £2.69° 22.89 £1.87¢

45 15/ um 454.33 £45.81°  439.10 +58.07° 370.45 +51.39"  355.15 +44.37™  315.54 +30.67°

4558 B/ um 81.09 +8.23" 80.50 +12.74" 70.57 £7.72" 59.09 £5.16° 58.26 £6.78°
MARG K A2/ um 9,64 £0.73° 7.98 +0.69" 7.72 £0.47° 7.62 £0.48" 7.14 £0.63°
RGNS/ um 6,61 +0. 65° 6.02 +0.85" 4.92 £0.59° 5.15 +0.32° 5.13 +0.41°

1) AT A AR NG FHEFORIURA Z 8] 22 57 035 (P <0.05) , beA ARG - H5 Fon 4l b 22 5348 2.3 (P > 0. 05)
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Fig. 5 Histological sections of hepatopancreas for juveniles of T. ovatus before and after starvation
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