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The effects of thyroid hormone on basal thermogenesis in ( Pycnonotus sinensis )
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Abstract; Thyroid hormones ( thyroxine T, and triiodothyronine T,) are unique in their ability to stimulate basal
thermogenesis for small birds. The present study aims to examine the effect of thyroid hormones on thermogenesis in
hyperthyroid Chinese bulbuls ( Pycnonotus sinensis) that was fed T, laced poultry food for 3 weeks. Birds were housed at
room temperature (18 —26°C ). The rate of oxygen consumption was measured using the closed-circuit respirometer. The
mitochondrial protein contents were determined by the Folin phenol method with bovine serum albumin as a standard.
Respiration of liver and muscle mitochondria were measured polarographically at 30°C in the presence of succinate using an
oxygen electrode units ( Hansatech Instruments Ltd. , English). The activity of cytochrome C oxidase ( COX) was also
determined polarographically at 30°C. Chinese bulbuls fed on T,-laced poultry food showed increases in basal metabolic rate
(BMR) during 3-week acclimation. Finally, these bulbuls had higher levels of mitochondrial protein contents in muscle,
state 4 respiration and COX activity in liver and muscle and serum T, and T, contents than that of control bulbuls. These
results provide support for the hypothesis that thyroid hormones play an important role in the regulation of thermogenic

ability by stimulating mitochondrial respiration and enzyme activities associated with aerobic metabolism.
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TETE BRI 4 F5 B IR R A T R AT TR /MBS o B THSIRIE B0 T AR, s P R B 5 90
FER A SUBIE L o ZERR P o AR A S5 Th B A 45 , B & U R R FRY N BE B AUIK T L B
SR, B RER A R YA AR AME R B R IEFEKT, F B Z RIS A 2R SRR R R A R %
MER o XTSRRI /AT, 7 B TR AE AU 7= PR E I P AV L, AT 30— 25 B3R 3l 0ot 35 855
MR BRE R PE S o RAESHTE B RRE T A T 2R 1 e B I REK T, ZERE = HE o 4 B HE A 405 7 A
P AL B B TS ST A B IS RE R AR A M o AERBIS R, BRIV T S H BB E
B , 7R 2 2K f# B 552 H (avian uncoupling protein, avUCP) 5/NEIIF3h#)48 6.5 i 42X ( brown adipose tissue,
BAT) b (B 3K 2 H 1 (uncoupling protein, 1 UCP1) AHL, 75 5 JS s i 1 7= 4 (ST = A KRB B A
EEMER,

FRBEEER (FRIRER T, M= RIRREER T,) EN R ER K E ST s EZENE
FIYY o BRI AT LAV S5 40 A QAR = I FOR BRI R LIRS A4 BV F = B A AN
TH] : — 7 TR VR 2 AH R A 3 5, 3 I 7= 4 59 — 0 T AR (B 17 2 41 4R 40 B 9 9 25 1 B L RNA. 2 DNA
M % XTI T TR VIR o VRSB FT 2 B, B DR B I A A 38 o 7 5 5 et 4 O 388 oA
e BORARIE AT LAE L LA T LRSS R R SR R S i B PP A s (1) B AT DA B2 LA A S 50, T L P
FFRESORL IR 2R BT & 0 1 I B i B3 i, £ 53k 2620 2R A AR TG M3 o, S BORE R AR & 5 (2) 2028
LR LSRR LR, IR AL 5 (3) 32155 Na ™ -K ™ -ATP B 15 A0 M 1 BE B TR 22, (R BEORLIR R W 1
S, AR E =R mE PP RBERENSETUHB RS S ENEEm RNt em
( Carduelis tristis) . F414€ ( Cardinalis cardinalis) K114 ( Parus major) F13& 3% 1148 (P. montanus) ™™, [1E
Hik = FUR BRER 5 28 O BE R B 1L A28 (resting metabolic rate, RMR) F#{I 30% 23 25, B B REARXT 7€
TR 32 1 , B 19 28 B PR = B A 30% 1R T FIR AR .
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SEIG BT FE ) 3k 88 AT 2006 4E 10 A # B IR HEIX (27°29'N,120°51'E) , #Ric 43 810 35 FIRM K2
YLK N, 5 (50cm x 50em x 60cm) — H , B KK, K= FBEEN 21.3C (18—26C) , BN
B o IR X AR IR EE D 18°C , AR LTSI 2°C 3 40. 7°C , oA i A (7 Afy) Fid® A (1 A4y) 1 F
SRS HE 39CHI TC,
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HLTEBRCIRMIRE R T B R FROK , B k98 5918 3% 5% Fl To 938 A R 5 AR 7 1 b v 5 28 J50RE 1)
BHES Ty T822) , S = S HIR BE O 20. 8°C (17—25C) o ShW iR /G7E LR 28N 2 A/ T 5L 5.
16 H BRI MA R TS . XFHRZE 7 2Pk E Jy 32. 4¢, I 9 R, FI{KE N 33. 6g,

1.2 FURBRPLRETTHE S5

¥esh¥orJo 2 4. (1) X IRA, S RFRE BAMEZENEE S, (2) FREVLEETTHA, YR FRER
AP FEZEANRES , BRGFRER MBI &Y MR (T, 0. Smg/kg, £ H Sigma /3 &)™) , 43 3 J4, f15)
P4k TF FARBRHLEE ST HEIRZS T
1.3 R E

AR AR 5 SR P PR X0 A PR 0 WP R AR R b P X (25 £0.5) CIUZE , KR4 IR . PR R TR
3.6L, FHTHREEEFN KOH MRTRFIR 2 A 7K 731 CO, o SEEHT SR 3h, A FF I % A 3E I 60min, 155 3
WRESR  FFIRIC T o BHE Smin JT3% 1K, 88 2 DS, B BRI H L RBER, SEI5E 60min'™
1.4 ZORRHI% SRR IFIRFNZIH AR C LR (COX) % 11 il &

LRRLAR B il LRBLIAR B B COX ¥ J7 BRI T4k FHEAT o FFFRESRRL A 9 ] 4645 FE Sundin %57 A4
78 s LA LRI 46 2% Oufara 21 {5 B 9E4T . COX #50 B A9 Sundin 255 (77 35 , SR FIAA R Aot -
WX (3% [ Hansatech, DW-1) Wl &, [ Bi I BE O 30°C, [ W AR AR TR 2 ml, il A 1. 99 ml 3 JiT ¥
(100mmol/L KCl, 20mmol/L TES, 1mmol/L EGTA, 2mmol/L MgCl,, 4mmol/L KH,PO,, 60mmol/L BSA, pH
7.2) F10.01 ml ZORLRIREOR, AR CERY . AFRERIILA B ZORL AR 4 EIRCR AR B AR -1 4R
ALRE , RIIREE R 30°C , R WARSARF R 2 ml, AT A 1. 98 ml 25§ # (225 mmol/L sucrose, 50 mmol/L Tris/
HCI, 5 mmol/L MgCl,, 1 mmol/L EDTA, 5 mmol/L KH,PO,, pH 7.2) f10. 02 ml 23} AR B , ABEFIRE
.

1.5 HEHESENE

SRR I RE LA A I 2 VR AR, SR Lowry 455 9 05 o, 00 A2 JFFE A0 UL P 4L 4 1 2 19 IR
TE.

1.6 IiF T,H T, BN E

R A B R T RET I e A2 7 1 T T, O e 25 Gt AT E o
1.7 SEitoth

FIFH SPSS Gt iR BT Se it A B, AL Z [ i) 22 e MR T -4 0 . SCHP R A 3891 + Fn iR (mean
+SE) &R, P <0.05 BN ERBE .

2 &R
2.1 FRIBRLEEEEKBME T, M T, K2k
XA, T 0B 3 /)5 B B Sk 9 10T T, vk B BT, R IR 2.0 £%5 (¢ =4.373, df =14,

P=0.000)(E 1), TAH)EHLEINE T, WKESGEE LA, RHEXBAM3. 1 £5(:=5.302, df =14, P=
0.000) ., KM T, M3, LA Zh AL T AR BRVLRETTHERS (B 1) o
2.2 HURARHLEETTHE(RIFRE ) XF B Sk B8R F1 BMR fl52 00

T, % B3k WA E B BE W, 7EFRPRYI SRR XA TR, 768 R R R MRS e — - FRRE L,
BEZR(E2),

H T4 3k 98 AR AT e E R 2 Sk 8 i AR R B B, BT B SRR EE BMR(J/g-h) & X1 R 1)
1.29 f%(1=2.683, df =14, P =0.018) , AR (kI/h) EXF AR 1.32% f%5 (1 =3.019, df =14, P =
0.009) (& 3),
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Fig. 1 Serum T, and T, of Chinese bulbuls Fig. 2  Effects of thyroid hormone on body weight in Chinese
bulbuls

* % % P<0.0001,%f M =7 R, HidH =9 R
YR =7 R HITd =9 R

2.3 HITX A Sk 58 A = R e 120 o4

PO Sk WP R R RRARE S RURE 5 | Son N -
SER PR R AR 4 PR BT S 0| 1 o ] 1°%
4 B4R KT I (nmolO,/ (minme protein) ) R 5 | A (’% |, 2
H1.53 4%(:=3.713, df =14, P=0.002) , B W 4HZH § §
RLARIE ( molO,/ (min-g tissue) ) BAFIAALM 1.6 5 5| | &
f(1=3.409, df=14, P=0.004) (% 1), FICHAM z :
% C FALHIE 1 B 5 T Xt AL, B S 7 g e
(nmolO,/ ( min+*mg protein) ) AN T 41% (¢t =2.798, df 48 Treatment

=14, P=0.014) , 5 5w AL FE 71 (p. mol0,/(min-g B3 Em s £ 5L BMR H
tissue) )i%ﬁj][l T 50% (t =2.406 ’ df: 14’ P =0.031 ) Fig. 3 Effects of thyroid hormone on BMR in Chinese bulbuls
(E4), P <0.05, % * P<0.01
2.4 FITX RS ULA - AR R

X IR, FOTH MR LRL A H B BT, 2 BRZHR 1.8 £%5 (1 =2. 413, df =14, P =0.030)
(£2),

F1 BFAREEHEN S LEATE =R
Table 1 Effects of thyroid hormone on liver thermogenesis in Chinese bulbuls

i H X B FITH Z5mEN

Item Control Hyperthyroidism Significance

FEAEL Sample size 7 9

AT Body mass/g 32.4£0.5 33.3+0.5 t=1.109, df =14, P =0.286
JHFJE Liver

LA FE I Mitochondrial protein/(mg / g) 19.55 +1.96 20.40 £0.72  t=0.450, df =14, P =0.660
LRBLAIRES 4 WP State 4 respiration

nmol/ ( min*mg protein) 34.83 £2.00 53.44 £4.11 t=3.713, df=14, P =0.002
pmol/ (min- g tissue) 0.67 +0.06 1.10+0.10  ¢=3.409, df =14, P =0.004

FROR R BCER (B UL B ZORLIACIR 25 4 IR B S Tt 5, BT SRORLAR P IR TR T 151% (£ =2.832, df =14, P =

http ://www. ecologica. cn



1504 g & ¥ ik 30 &

0.030) , e HALRLAKIFIR T = T 368% (1=3.189, df=14, P=0.007) (£ 2), HITAMNIANAMEE C
FALEE B e A BT ) LU BRZE IS fin 124% (1 =3.059, df =14, P =0.008) , LAL TS ) SR FRAAAH L, 22
SARBE(:=1.280, df=14, P=0.221) (E5) .

F2 FRBRHENBLBAA AT
Table 2 Effects of thyroid hormone on muscle thermogenesis in Chinese bulbuls

i H pagistiil H T4l ZR D ENE
Item Control Hyperthyroidism Significance
FEAEL Sample size 7 9
{AE Body mass/g 32.4 +0.5 33.3 0.5 t=1.109, df=14, P =0.286
WLPY Muscle
28 hi{A 75 I Mitochondrial protein/(mg / g) 8.68 +2.20 15.67 £1.90 t=2.413, df=14, P =0.030
ZERIMACIRES 4 W State 4 respiration
nmol/ ( min*mg protein) 96.18 +17.28 241.54 +42.94 t=2.832, df=14, P=0.030
pmol/ (min- g tissue) 0.79 £0.17 3.70 £0.79 t=3.189, df=14, P =0.007
_ _ 100 - ) . 118 =

5} 800 nmol O,/min-mg protein 15 § § nmoll (())2//m|'n~mg' protein E
‘E . [ pmol Oy/min-g tissue * z - “—5 % 30 £ pmol ©/min-g tissue o 415 % ~
32 * I q12° 3 =3 80r >3
=5 600} 2z £3 T T £z
2 © =Z 28 125 £
is 182 Zzef 2:
x E T Xz BE 1095 E
O'Eg (7) o= S g4 R S

= 46 r R | )
S5 b O 1 O T 06 133
£2 200l <% B¢ 55
¥ 1,88 gEmr {0382
O£ g = == =
£ 7 = = =
= XL il jea

AR T4l AbFH Treatment
Kb ¥ Treatment

5 BRBEHENBLBIARMER C KLEENNEE

B4 FREHMEMNBLBIRARER C RLBEANYN
Fig. 5 Effects of thyroid hormone on mitochondrial cytochrome

Fig. 4 Effects of thyroid hormone on mitochondrial cytochrome
C oxidase activity of muscle in Chinese bulbuls

C oxidase activity of liver in Chinese bulbuls
# % P<0.01

* P <0.05

3 i
3.1 HURBRBCE S A3k AT BMR H5 0

X F/NE 2 IR IR R — IR BB MR . LI R TR EE AWK R LR
KA GRS EEDYAERT A EEERA . SRR RREE X SRR E AR,
— BB 5T 2% B A0 IR IR AR 8 T LA AR 5 2 B IR R XY ( Gallus domesticus ) ) F /)N B8 ( Emberiza
pusilla) ¥ T — o4k R B AR OZ5RDY . G5 RFW FL W& 3 8 TG T AR R E 5 5 xR
MHEEHEER.

b B TOARZS B 1 Sk 8, AR5 20 B B 5 T X R4 34, B A EE BMR LR FR4H & 29% , % /& BMR
Ext BRALT 32% o X5 AETEFE IR /NS ( Emberiza pusilla) (7P B AEA Mo /NESZE FOIR AR R 40 385 HoR
PRARIE KT B B30, 24/ NES T SR BE S 4 x 10~ mol/L A1 6 x 10 ~° mol/L ) T, B, H BMR 435Il Huxt HR 40 5
i 41% F158% 7 o AT I, 3k 8 A FRCIR BRI K PR3 T HUR AL RE = HeR S o ML SE Rt &
BT /NEIEZL B , A B H BR (Microtus brandri) 25 FR B 3 3R Ak 38 5 OB (AR /K 7 B S 386 o, B JTAR IR
41H) RMR IR EEXT AR 57% o KRV B Meriones unguiculatus ) {555 1% 1R FR 5% 44 F JT 419 BMR
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S5 X BB ZH T 26% F139% P
3.2 HURARBCER X B k98 R A UL PR 7= R 5 i

() FFRE B FHUATEF LIRS T 69% M E R B TS B ML, m e SR G4 T 20% ,
AT RS RE B EREME EAYE ™ o BRI AT 40 M 7E # EUR 5 R A TR 30 R 7T B0 ERE EL 3R W] LA
3] 20%—25% " Sy TR LI RE B0 L ply T8 0 400 M oA B R U AT F 4k 3R 4Rk A
WS, MR C R AL Sk i P BB I R A > — , LS 7 B8 Ak FT DR B 4 4R AR A 25
S5 Liu 277 R /NS L RIS R AL B |, HEF RSB IT R MZ0 ( 2K C AL EE 7 B B3 i, IR
B 7K - B 20 M = o B T S B A SE R X o Liu 25 ZEBFT FOIR IR0 0ok A B BB 7 B i B 75 1
MRS, AT RIFEEEAES S T A KHBWEMAEAT . B8R REMELHEE, FIER
BN RO AR T IR R 7 2 2R 2R A R I 43 ) EL LY BR AH TR 53% N 64% s Al R C A AL B B S S A
B H L EE S5 BN T 41% F150% o X EeZE IR F 3k 8 BFAEZORL AR 7 i A 3R C A ILER KIS
FHARBERE

()L WIRREZ ST WEEZ, th2 525 BMR 3R B2 —, BRI R AT 1 ETFIR
HRAE 5 P R A At 28 4 FP B 5 U AL, R AL B IRt R AR I B SR o Collin 21
TR FNG (Gallus gallus) FIBFFRFAA LA TFYERA : ©OF LA L 1E avUCP mRNA 7K@ $# R Zehifk avUCP )
Fik ;@ R LR AR , 38 I LRACIRES 4 PRI, R LR R B A3 BE (Ag) o Goglia 25 A g LA £kt
TARIP I (e 200 (IARZS 4 PRI | IR IR 42 ) R A0 (A B A S RE ) 1 sk 28 AR B SR B U0 ME 6. Liu %7 5@
X /INES 5T 2R BA T, BT LASE S 385 I AL PR b AR 2 4 PRI, REAIG SeobL {4 5 ) S BB SR 38 i sh 4 i 38 A 7= 4
Sk 58 JUL P A BN, 2oL A I 5 v 2L SR 2R AR T 10 43 531) B EC X BRZH 3R & T 151% 1 368% ; 4 3R C 41
A Te 2R B 71 Tt 124 % , 3% B PR B8 3R 2ok SR UL PR B A P I, 3 5 Bl O, 15 1 =k 8 P B 1 7= A
eI, Bk F ST RE LA AR F s FAEfi R C S ALERTE 71 I T8 7T AR 4 1A i 3 A AR
EACE R .

B, BRI R T 5k 8 i B R0 AL PR SR 4 2, {5 A 2R Sk A PP I 38 o, 4B 3R C 4R
ALEGTE 1T SR A S R AR = A 7 I EE A
it EPEB ST T AR AR T R S A A B 2R B 2R IR IS B4R $2 4it Kalabukhov- Skvortsov
WP IR 7 A 5 36 B F iR RHE K2 Dr. D. L. Swanson EEIER 73 SCER R, FF LB
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