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Growth and development of trunk muscle in the
tigerperch, Terapon jarbua

Shueh-Fen Chen and Ching-Chung Chu
Ching Kuo Institute of Management and Health

Abstract

The present study investigated the contribution of fiber hypertrophy and hyperplasia to
the growth of white, red and pink muscle in the tigerperch, Terapon jarbua during different
development stages. Histochemical techniques were used to examine the muscle fiber type,
metabolic properties and energy sources. In the white muscle fibers, growth was contributed
from the increasing small CSA (cross-sectional area) type IIb fiber hypertrophy . The muscle
growth is expressed as the muscle fibers hyperplasia. The amount of type Ilc fibers within red
muscle indicate the red muscle with highly development ability. Pink muscle is probably a
growth stage of other muscle patterns, increases the number of pink muscle fibres due to the
development transition from the red muscle fibers. Thus, the pink muscle may play an
“intermediate” in the trunk muscle development of tigerperch.

Key words: trunk muscle, fiber type, hypertrophy, hyperplasia
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BHREAGESCHERG A AR BN ERIBE LB TR T AR E0H
B HAS BT T BRI T SHAROFA LG 0 RSN L R H 4
FEARIA ARy R REAREFEWOMASY Bt  SIREHNAZ 4L REFTH
FRABEERS - —RRAHEBEHILA A B4 3¥ A (hypertrophy ) 40 3% 5
(hyperplasia) FF RER B REKY  EHESEFTREL R RHRE  EHiE
FRHEABARKIHNEAREG AR - BELFTEAZE LA L MABEAL K
WHARRARNHILRR GG BAFILBR GBI iR 8 ¢ A R @AY AR
MEABRRFABELE ME—FHNALRANREFRBNE LCHFLEIA T 2 I 4L
AR HREZEBHEEMT  HRAEVMONBENNAHEBZIEEREARERY
R MAEBERZE—EHFRIRLBEY ol SMEMEBFTRE - Aal
Fo SR LG R Bl M & B R A Rl " o

# Chen and Huang"" &) 5t L & R340 REPEBILGHAWEBHNEE R b GAL -
WAL A LT HEAR  BARE LA P A2t &M e A RILp R R4EE > A5
MLt £ &% & type [1b fibers Arass » £ 4cAL PRI & & type [lc #v [ fibers A -
B4R Zd type | ~ [Ib#e [lc fibers ZfEALak 4 2R SR B D A TR - B
=W RRS type Ilc fibers AMA B FHBEZ T 5162 type |~ Ilafe IIb
fibers" » Bl st type Ilc fibers #L# “precursor cells” - 23t % & 654 ALR
WAL A K& type Llc fibers 3R > MEM TR & > TR LHBRMEL RN
BE-—FRAEG BRI AL RO T R RN LA LMBEILE G T
o B F AL JL P46 A ILHL & WL & b Br b L AE /R R 10 2

BHERRILS ARSI AZ LR T RINELSENSELENALRBE TR
R AXRFRAACELZ ABRICESBEBE " RAEFEABETRE © REH
(juvenile) — #5&#3 (young) — A& (adult) XL E LALLM T A > Bric
MASLNZ SRV ENH AR RIA R FETHEBEFTRETISEZ KRB XA
fEd RIREATIRH -

auf

= HEEI*

fe & $ & (Terapon jarbua) AR EENA# &M (juvenile >lcm, =7
cm)~ %h &% (young > >Tcem, =<12cm) A& &8 (adult’ >12cm) L@ Fres
(16) - Ko S F AL B RALBRT ¥ > BRI E B RMATENR > KB 25+1°C ~ K
BE 34t1%0 > B ERBRS - RRIFANBEZMS 222 (tricaine
methanesulphonate, 3-aminobenzoic acids ethyl ester, SIGMA Co. U.S.A.) #it
HFRRRBBRAL 2R EARXRKRABE  BRAE—SHFEIH -

RABEZIEG O ERNEUAREEFRE T4 R OMAENA S BATH
VIREE 10pm XS EKLRIE S HERREPSBZIL S5 05 R4 R T &
RTBIRAMGET BZLHM » HNABELER lom x 2em A2 Rk BRTEE
10 pm 2 REK R B > HARMA BN TR THIES » BEIT— AT QBB Le
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W REE T AR Z A MRAL S % &5 7% 645 HeE - Modified Gomori’ s trichome
ATPase ~ Periodic acid Schiff (PAS)~0il red (0RO )~ Succinic dehydrogenase ( SDH)
NADH-TR A & Lactate dehydrogenase (LDH) % -

TR H BRI (il B4 LR G AL 3R & ) b 2 &4 55 2 UMK 4 2 B
@A (CSA» pm’ ) X1 %91 #1 A & B4 %1% 27 4 % (image-analysis system, JAVA soft,
USA) A7 & > 304 f-test HEBH TR T A IR Z UMK 4 734 @A ATH 2 (3
BERBTEGT LZBMEFLZE p<0.05) UBRAEBWAUNBEZ X NHRTH £
oo dush o 2R EAL - B A AULR G AL P 2 48 5 R WUER 45 k0 @ % (cross-section
area, CSA) B Y& ZEHFREAX S SUNBEXNZAEZLAE » REHR
AMBELERR R TRETZCOARTHLLE » B ~test HREHF ME&Z B HAL
Mz CSA BITRE » RERRFEMT L2BEFLE (p<0.05)-

=~ B%
BB A PEEEHILZ 451t

Fig. 1A-D B R E B F RIS 882 NADH-TR &4 % » Hittan B
ToOTRERAOE HRAS M ZREINA TR ARELSE T REZ L -

M SIS EAGATH (Fig. 1A) TRERESRNEEEd L T (RE=fA
) il (d 2-3 Béaforithn > REHNLMNZITEVER > B2 Fufd
&) Bam (15 M2 R AIY) AR 2 THREMMEEMER (Fig 1B): T4 A
B MENR AN ERRKEERASIL B —BNAZEHRR@IEHE
W95 he > MEALFRIHER T AR AOILRE (perimysium) #i% @ QI S UKL E
AR—R—RTEHER -

EY) BRI AT (Fig. 1C) THRLI - B 2 BRI S5 B/
AR T #%T RIBAMSR# K (mosaic) B9 écl R R T A RREZHMV 28 4oL
Qa7 > BB A ALY TR AL R BB BN NS R —E—EE
A (blocks) ; 2] T 4h & dars eyl (Fig. 1D) SR kit # A8 B
SLAL T B DUAR M AR AL R BE 2 R R — B — W L B3R MM YA AL T F 2 il s 9
BOERR -

BH A SRS R

P HEE 69k & &R (Fig. 2A-D) > THRAERFHEF A JUKRE T EEE
Rt (nucleus/sarcoplasm) ZRIABM#IL - £ &P (Fig 20) ML 2 Y
g4 drE# (Fig. 2C) R43% > # Fig. 2B Fig. 2D MYtk TH B S E & R 4
BB AL T LS 4 2 40 H L3t G AL LR 4 &

B MBETE » AL B FRALTZRAMBYRIL » R AL @
RT 4> G QAL YLK 434 2 Ko Fafsy38 4 54 (homogeneous ) » 122 & &
FEECR B G BLER 2 6 LM 4 5P th AR w48 804k (mosaic) #E%) (Fig. 3A)» ik
BB T4 A& A (Fig 3B) £4) AR & QAL LR 4% 6997 15 8
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BER T REEIE g 54 #1E

Fig. 4A-D A4 & M5 2 mATPase & M3 » 4#¢ Fig. 4A (mATPase 10.3) #o Fig.
4B (mATPase 4.6) X F & &R Tool A SPERAATH > G2 % F2E type 1Ib
fibers AR * & WLER 5 £ 8 & & type [1c fibers FA# A @ B4R 9B Z & type I
fibers #v Ilc fibers Frik sk ; 2] 7 # &5 & 697488 (Fig. 4C, mATPase 10. 3 » Fig. 4D,
mATPase 4. 6 ) G LA} 5% & & type [1b fibers A sk » & ALER N X E R & type Ilc
fibers & ‘> & type I fibers Fr#kss » &4 WA & & type | fibers ~ Ilc fibers &7
¥4 [1b fibers At e

Fig. 5A-D &%) &M #& 2 mATPase $ & M 3% > 4#¢ Fig. 5A (mATPase 10.3) #= Fig.
OB (mATPase 4.6) = &L RTrd A4 SMEEMATH > GNE 2L TR G type [Ib
fibers Atk » AL £ &R & type Ilc fibers & I fibers At @ seF T4 %
ERETHRBK e B R w4 & & type [ fiberssIlc fibers & IIb fibers
ZRBAKSAH o R EFEEEEM (Fig. 5C, mATPase 10.3 » Fig. 5D, mATPase 4.6):
ZHMA T Z SRR R R AT R AL 0 AR LR 4 & B L e B B3 o

US4 A AL 3 7 2 1%

AL &R B RERF R @K (CSA) X type IIb fibers bA4R# ik 3k 71
A XArdark (K- CSA type IIb fibers Z4am b #4 & —% » Fig. 3, Table 1)
AR B AKBE I X — AR 2|4 S P& A£4) &ME &) CSA type 11b fibers Ar &
Z 48 % v p] B 4 A & S B 69 50-60%:% 2 2] 30% » ™ A CSA type IIb fibers A7 & = 48 5%
Eo o] R4 # S S B BY 40-50%3% v 2] T0% (Table 1) # AR &Mk GALAI & A CSA
Z type IIb fibers FArAsg - L8R E % H P& 2 K CSA type [Ib fibers z @ #k A/

(# & : 2898. 30£642. 21 pm’ » 44 & : 3044. 09+632. 13 pm® > A& & : 2969. 30+1237. 27 pm*)
BrAGI LS EBREFELR (p=20.05) (Table 1) /s CSA type IIb fibers z @m#k#t
o B BB 4 S B R 9 AR Ao (F %0 800. 114206. 49 pm’» %5 &, 1042. 124281, 49 pm’
p<0.05) > 1247517 K CSA type I1b fibers Z @#k » | & &P B A R R,/ CSA type I1b
fibers 2474 (Table 1)-

# mATPase (Fig. 4, 5) $ &R type [lc fibers # type I fibers
At s » #réc LR & & type I1b fibers ~ type Ilc fibers #t type 1 fibers = #a
8 P AR AR, o

&AL & type Ilc fibers # 4 S R MBABPH 3R » L EREBFRE P iz
ER@EmERE Rr b2 @l bp4ie 80-90% 4 k (Tablel); #—H b 4B F
BirpL¥ type Ilc fibers 2 CSA (4 & : 297. 66+59. 38 um® » 41 & © 320. 43+79. 24 pm® »
Ak 318, 774105.02 pum’) RIEBAE£E (p=0.05) M4 AP type | fibers &
SRR ER BB —EHFAEANESFFREZ LN T » 1257 & Z 534/
#10% » e & F B4 P type I fibers 2 CSA (# & : 739.52+143.24 um’ » %)
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% 1 726.39+125. 81 pum’» A& & : 708.65+142.62 pm’) FEBEAE £ E (p=0.05)-
4L P Z type I1b fibers R A PSR GEA T ML ER » B—AFANEH
BRI AT & Z bu ]34 0 10% th 3 &5 F BBk &L+ type 11b fibers
Z CSA (# &, :2832. 98+879. 80 um’» %5 &, : 3021. 15+984. 11 pm®» & & : 3045. 66+1088. 87
pun') Rl EBEZ £ 2 (p=0.05)° B4 type I fibers #v [Ic fibers Rl &% F &2
WEMFHER > Bo% &hrécmanx 30-40%& 50-60% (Table 1) - &8 F &
AL type I fibers 2 CSA #%] % 1058. 48+185. 60 um* (# &)~ 1026. 514183, 77 pm’
($h&) B 1192.09+308.28 un’ (R &) B4t BBEELE (p=0.05) Type Ilc
fibers £ &% 7 M2 CSA % %1 % 315. 31+77. 68 pm* (# & )~ 331. 04489. 94 um’ (%4
%) R 353.20£122.18 pn’ (&) @&t o FEMELE (p20.05)-

BB T AL 4 R HHER

#% Table 2 FRF1 G AL ~ ALALR 4oL &5 F ME & 2 = A 48 % (SDH ~ NADH-TR
BIDH) FHHFREER » TE—FHMAELRFFEEISEZ REER Bt - T
X 8om SDH 82 NADH-TR £ # i B2 M T EA RSB RN MELARYETF
ARCAEEFEFEHERHES CHRINATREETH ESKRHEA (Table 2); LDH
AR THEEEN  HNERAMRATLEAARSIL AXRm T A EEMNY)
# SDH #2 NADH-TR (Table 2) -

LR A EENE R T RR

BPASRoil red0@ReE » TURBESE T EEAFESRNZEETHEOHBAR
MM R AR TR BRIR - RIFPAS LR T GM ~» LRI LB TR
B UATEE (glycogen) A X F 26 EH K (Table 3) » i LAk & P& 2 FFaE
SERS LMFAMAOEFTARMNATAHEYS TS AW D - H5MEoil red 0 8y
BERTHEAGITEBATHHFA (Table ) LM ENLENTISENAL ELLEEE
PR EIR 0 B EEHFAM type [lc fibers & » b JFESMZ X BT RIR o

W~ 3

WEHARIE L RE QBRI AR EACRAHNMALRZ Y EE MY
FEMAR @ MEHH S AHBERFBEIRAG BT AR RE 64 RS
EEV o — Sy AT BN Z AL 0 RAPLE B B AFRE B kR 0 BB PR T A AL
FoRr b AL 4 60 7 Ses e — bk Rk o) SAE T 0 TR TR I 6 b 8 4K R
HEAMEBRTHRT Y 5 QBMAFRESLMNBEOMAERERTLEGN LTS
MF&ER  mosaic’ #HFIF K" KBNS ETBERENT R ‘nosaic
BT RARRZIESHBAEMREBETANERT k@M (CSA) X DREGH
# type IIb fibers A8y ‘mosaic’ #FIHH M E SRR KILB LR H %
BT &M & GALA] 2 & K CSA type IIb fibers 24 homogeneous #9%! X3k 5] » 3B &
BTG A2 AN ARET > THEASCHALZ /D CSA & type 11b fibers i% i
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A B K CSA &) type IIb fibers MR » fmid sk )\ CSA & type I1b fibers =T ft & #& & i
ZATPPd &7 Z K CSA 89 type I1b fibers 5 EATE A - 3% P B &) ta 38 78 /5
A— R EHFREI ALY HB/ADFE IS4 & BSRS K HEF] » LB LA 5
FHBEZEPTTERLNBESHABEM “rosette” @HHIF X > mEMRA L L LM
BIRAHA - AR ERERIEM &M © Poecilia reticulata#s Pimephalus
notatus QIR B RAMEMBERFHER B EILSBATF B2 KB REE
EER GG RERCY -

#ee @ (cyprinids) WA RMETHR > RAZLMNBERX hBEALNBEFT M
RofB R 2A %% 4 B AL B F0 T T BAMSE H 4T ¥ zebrafish-sea bass guppies & catfish
¥ RMH AR BERAR S Z ARG A B — BRI UR tm B b R o 4 R ER
RYBR IEGBILARIBEFLNAERTREER THME 22 d type [c fibers
P ERMEZSBORKEMAEGE THRERHOLBRANSE > LRk GRE
W= AN M AR SRR VFA  JUSR 46 3 B 3% 508 o 0 B BF AL R R
HBERINBETRAR—E— 18 &R - Type 1 fibers i # & Mk 6944 #948 bo L i
R R L8 T SR T AR A ALE DL 4 b 47 2 type Tlc fibers & % » type I
fibers f# & LA4% ) & Lo 5] A M 4L p -

Ll s REEEAOMY  EELCNE NG PRBERG -2 =B IR %E AT
ARA AL 0 SLEFEY R4 ALA & & type [ fibers #o I1c fibers Fréas - k% 648 ¢
Bk RTRBRDEMBHER  ERAEUNE THLEMNALBRNRES mEBL
RS ILE B AL R 9 B Ao AL B AR R ) BF 38 K i o L Z LR 4 B Al st e e
SRE - B THHh MMM P E 4T type | fibers ~ IIb fibers & Ilc fibers =
FENSR 4 - Zebrafish 217 B PE B AT B RS 4E » R AL h T HE B2 S
BRBIFEIEF OB E IR BB CIERE? » MAYH sea bass ZTHE 0 BT A
WAL R B ALR i 3 b RV e — BB MR B A b — 2 ERFBRA
NSRBI, AR T HAFEGBR (2R E 64860 F B AL 4% 6B F
*EE}(N.%) =

BELBAEABRBAZ MAAEEH  NtafloAERBEEEL Mk—F 8
MAERAARPCFELBFINBEGERERC - apHAGROELER S Fo
BBHRAERA EVM A B AL SRS — B4 6 R § % R R R IRAE R Fo
MRARHMERPTRES B Z R AIERE - Weatherley™ B A Ao R A BB B Y E
BAPERRZBREANOVE ARRRENLZEIERS2 LY $% BEN
BXBRE (EHARTAR) $BBRFHUE - AMRTHER LEL LR GM
SR fefe B R4 B FEEZ s CSA & type I1b fibers & @Ak A2 /b » ERFE A M
BEZ AN REE QBORRMA AR - £ih% HARBIEANRLELY S
FEEZRI (10cm F.L ) BBYRREEREMBERELARE DAFLZILERERXTHR
GEAE EVINSERT TN S

4t ¥ Carpené and Veggetti® - Weatherley and Gill™#v Weatherley et al.®
HRR THEREBAERAHNEBEMERREEEN CTHAREARABMAIR
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Ry Ao o f Talesara fv Urfi ® #ee & (Cyprinus carpio Var. communis) &
RER > REARKABAILA A ho o T3 Aoeh B F 2 by POUUME 4 B 18 64 38 fofo
MRS B S (TREBOENEGIESE)  AIBEMLE EBRE  §—
Blafo BB Xt fo B 9 FHREZ 3o 122 WS 94 E (nucleus/sarcoplasm)
PLMEE B Bl T ) Lo fpl8F » R A FEHAsM e myonuclel HaoA » ML A A T B —F 4
RV BARARBRES BAERNARLERAFRSZH T 2 E B AR
AU AR HEE 2| TRABEAZIB TR LA EHFTBE P N2 E LY
B B AL AL » o BETT S0 7 & S S A A SR R S AT AL P 2 LMK 4 B I 2 8 7 A
H o

#4% SDH ~ NADH-TR & LDH = f R # B £ 8B F & Z QAL ~ LALRHLIZE
PRI > Tro &8 T RIS BB IILE » 17 BACKBHE R fo B F B 4b et
RENATPUARETHERLE RAAKBRNEN  AORAEBRHREKEFZ T
# B2 — - Barany ™45 H R E B ALK L E G2 nATPase E M SR £ 4R »
Talesara o Urfi“™ 7rds th A WULA 4 Ki®Z ¥ » #4v mATPase FEH T A folk 2k & -
A—RRARNEZRZ SDH 7Bt ey38 o > Ash A Ffoprhandsy SDH ;EMA8E/& 0 A% R
NERRIE AN S » SLBATAHALA PR RF M TN - LERELREEE
Hee#m ¥ SDH $2 NADH-TR 24398 & A& & (AR R S /75 oz 4 &
TRAREE BN TOEBEER  AERALSISHA LR RENATEE RS 2
FUIEEE K - B T RO & > R SR BN AE 20-30 AR ZiVRE » #beiiidE s
MZ A F S ERABE ENAEEZATRMRAR G To MERRBE TR
B2 BRI RENTAAFRETRMEANISEE2 T REZIAY - B4
PASE o0il red O 9 & T k4ol AFSE B JE M2 X EMGFMAT VR, » AT A L7
MG T 2B ER B EFESNZ EBEFRR -

REAMENER  TURBRIL L HEZERIGREL—EEEHR0E
B ERFSBETRERREIGIMATHE LR LB AMMAESIELY S A
BOEBERTERY AMBeR G RLIEHFELEZ ) CSAH type [Ib fibers M éaft
#AK (hypertrophy) #9F Xk > R AZESHLARORERBER - 3| TRAREA
%% type 11b fibers 3 i 2| AR » R AIE R SN2 RO R EFRE
818 0 MIbE SR KA A B AT Z type 11b fibers 81 » {2 ibho A ik B
RELBIMER T RWOEE - ARG EHBRERFHEE - e F BN BF L
EEARBRT HEAREZ N385 hyperplasia) ey ¥ X &K & A& Llc fibers
HEEBTEMERREY SIS e PB4 | fibers & %38 » B8 [lc fibers
ERROBRE T ERHREA | fibers o % 5] FAEIM R LLILE 1S % 45 2 Mk
HEIER  MLE RO R LT RE AR REE AR — 18— 18 B o shof g,
B ALA S AR o A LETE S A X ER T RE TR L AW s
BB AL RENZ G RZR el Bl RERBA LGB E KBTI X > B
L hATH e type [ fibers #v Ilc fiber » |4 & type I1b fibers &% 3 » 3484
THRCMECGHEORRBETREY R —8 "®E | & "PM#, hAas - &
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B B ERRFLMNPZINSESBLE  ABHRA LG BHLNZE &
%% type IIb fibers fmpa @i NGNZ T » BLERHLNFENZHELARNE
B MAERASHFXAREHRE -
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Fig. 1A-D Cross sections of trunk muscle in different development stages from Terapon jarbua
satin by NADH-TR. Cross sectional areas show three pattern muscles, i.e. Red (R), Pink (P),
and White (W) muscle in trunk muscle. Fig. 1A is early juvenile stage (2.35cm F.L.). Fig. 1B is
post juvenile stage (5.38cm F.L.). Fig.1C is early young stage (7.57cm F.L.). Fig.1D is post
young stage (10.61cm F. L.). The perimysiums disappear after post-juvenile stage (Fig. 1B-D,
black arrow).
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Fig. 2A-D Cross sections of trunk muscle in different development stages from Terapon jarbua satin

by H&E. Cross sectional areas show three pattern muscles, i.e. Red (R), Pink (P), and White (W)
muscle in trunk. Fig. 2A and Fig. 2B are juvenile stage there are abundant nuclei (blue point) with

higher nucleus/sarcoplasm. Fig. 2C and Fig. 2D are young stage with lower nucleus/sarcoplasm. Fig
2A and2C, Fig. 2B and 2D are the same magnification.
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Fig. 3A-B Cross sections of trunk muscle in different development
stages from Terapon jarbua satin by MGT. Cross sectional areas
show three pattern muscles, i.e. Red (R), Pink (P), and White (W)
muscle in trunk. There is “mosaic white muscle” (square space, Fig.
3A) in juvenile stage. The “mosaic white muscle” gradually
disappear during young stage (Fig. 3B) to adult.
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Fig. 4A-D Cross sections of trunk muscle in juvenile stages from Terapon jarbua satin by mATPase.
Cross sectional areas show three pattern muscles. i.e. Red (R), Pink (P), and White (W) muscle in
trunk muscle. Fig. 4A and Fig. 4B are early juvenile stage (2.55cm F.L.) stained with mATPase

10.3.and 4.6, respectively. Fig. 4C and Fig. 4D are post juvenile stage (5.75cm F.L.) stained with
mATPase 10.3.and 4.6, respectively.
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Fig. 5A-D Cross sections of trunk muscle in young stages from Terapon jarbua satin by mATPase.
Cross sectional areas show three pattern muscles. i.e. Red (R), Pink (P), and White (W) muscle in
trunk muscle. Fig. SA and Fig. 5B are early young stage (7.57cm F.L.) stained with mATPase

10.3.and 4.6, respectively. Fig. SC and Fig. 5D are post young stage (10.2cm F.L.) stained with
mATPase 10.3.and 4.6, respectively.
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