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Abstract: [Objectives] Melatonin (MEL) is a molecule that conveys photoperiodic information in animals,
which is also involved in the regulation of energy homeostasis. The present study aims to investigate the
effects of exogenous melatonin on body mass, energy metabolism and thermoregulation in Eothenomys
miletus. [Methods] E. miletus were placed at 25+ 1 ‘C with a photoperiod of 12 L . 12 D (day and night 12
hours each) and received intraperitoneal injection of melatonin (20 pg/kg) daily for 28 days. Body mass, body
temperature, food intake, water intake, thermogenic capacity and hormone concentrations were measured.
Continuous changes in body temperature, food intake, water intake, resting metabolic rate (RMR) and
nonshivering thermogenesis (NST) were measured by repeated measures covariance analysis (with body mass
as a covariate). Body mass changes during acclimation were analyzed by repeated measurements, and body
mass differences between groups were analyzed by independent sample t test. Differences of serum hormone
contents, protein content in liver and brown adipose tissue (BAT), enzyme activity and other indicators
between groups were analyzed by covariance analysis (with body mass as a covariate). The relationship
between uncoupling protein 1 (UCP1) content, thyroxin 5'-deiodinase (T,5'-DII) activity and serum
trilodothyronine (T;) content was analyzed by Pearson correlation analysis. [Results] The results showed that
exogenous melatonin injection significantly reduced body mass and food intake (Fig. 1a, Fig. 3a), while water
intake increased (Fig. 3b). Core body temperature and interscapular skin temperature increased significantly
(Fig. 1b, Fig. 2), resting metabolic rate and nonshivering thermogenesis also increased significantly (Fig. 4a,
Fig. 4b). Mitochondrial protein content and cytochrome c oxidase (COX) activity in liver and brown adipose
tissue increased, there were also significant increases in total protein in brown adipose tissue, uncoupling
protein 1, a-glycerophosphate oxidase (a-PGO) and thyroxin 5’-deiodinase activities, but there were no
significant effects on total liver protein or a-glycerophosphate oxidase in liver. Serum concentrations of leptin
and triiodothyronine were significantly increased, while thyroxine (T4) was significantly decreased. Moreover,
testicular mass was significantly reduced after melatonin injection (Table 2), suggesting that melatonin caused
gonadal degeneration in E. miletus. Correlation analysis showed a positive correlation between uncoupling
protein 1 content and triiodothyronine concentration (Fig. 5a), and a positive correlation between thyroxin
5'-deiodinase activity and triiodothyronine content (Fig. 5b), suggesting that thyroxin 5’-deiodinase may play
an important role in the melatonin-induced thermogenesis of brown adipose tissue. [Conclusion] In
conclusion, exogenous melatonin may reduce body mass in E. miletus by inhibiting feeding and increasing
thermogenesis.

Key words: Eothenomys miletus; Melatonin; Leptin; Brown adipose tissue; Thermogenesis; Body mass
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Shor et al. 2020). il ¥R FR A FAKZK
PREEER . EREHT, &—FEEYIRT T2

I A BENIAT PR 2R 2E 4T TROM U 2 1) R
(Barrett et al. 2012), XLV FRAE, §
AU LA IR AT ZE AR, IF Haxsear
AR R FE =2 s AR 5 &R, IFH
1l BE % K (melatonin, MEL) /5 (Bartness et al.
1993, Fennetal. 2011, Boratynski et al. 2017,

TR Z DIResr+, 1EshW. VAR 35
HAI RN (Pandi-Perumal et al. 2006, Tan
etal. 2016). fEMFLBIYIH, HEMBER T E M
FA RARE A 533 (Amaral et al. 2018), A
DAE AR A b= A, ik ge i, 2. O
H25 (Stefulj et al. 2001). RSB FRA T A
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Py BTSN, 764K (Karamitri et al. 2019,
Genario et al. 2021, Guan et al. 2021, Tamura et
al. 2021, Pivonello et al. 2022). 458 (Barrett et
al. 2012, Lv et al. 2019) . &=/ (Falcon et al.
2007, Cipolla-Neto et al. 2014, Owino et al.
2019). F=#\ (Heldmaier et al. 1981, Hall et al.
1985, Tanetal. 2011, Halpern et al. 2020, Agil
et al. 2021) FHAIRIATT (Binkley etal. 1971,
Heldmaier et al. 1986, Saarela et al. 1994,
Cipolla-Neto et al. 2018, Mendes et al. 2021) H
W HERE
W], AFEYIFMAE., GEEAABA
P AL R R IR I SN ANF], el RR R
SR> B E £ R (Phodopus sungorus)
I BV E, [Fh PR HAAE (Bartness et al.
2002, Ryu et al. 2018 ); #UF| W £ &
(Mesocricetus auratus) 7 1 Z i 2 Ab Hi e £
Yt N E AR EIE N (Bartness et al. 1984); 1
HHZE R (Tupaia belangeri) (FEELESE 2000)
A G H B (Microtus brandti ) (5 2 % %5
1998) VEH il IR S5 R FOR KA AR . BEAh,
HRRRIBER AT LI R sh P i) 7 B R
Wi A4 B3 4T, AT AT AR B AR TR R T BL A 5
(recruitment) #EfEI7ZHZ1 (brown adipose
tissue, BAT) JFHRH = #HE /) (Tan et al.
2011, Fernandez Vazquez et al. 2018, Halpern
etal. 2020, Genario et al. 2021). Heldmaier £/l
Hoffman (1974) ¥ 5GHRiE 1 R A EE HIEUE
LB R RAENME ORI AL EER N, JE4E
KT ZY)Fh (Heldmaier et al. 1981, Holtorf et al.
1985) FHHAME U5 BP0 ST AR SE 11X —
2k B (Viswanathan et al. 1986, Fernandez
Vazquez et al. 2018, Xu et al. 2020). ZMFEIES
BB EANGEIE SW ORI AL E, &5
M H = #G%E (Fernandez Vazquez et al. 2018,
de Souza et al. 2019). WIHR B EFEF A
&9 7N i (Mus musculus) (Tamura et al.
2021).Sprague Dawley "X £ ( Ruttus norvegicus)
(Wolden-Hanson et al. 2000). Zucker K &

(Agiletal. 2011) FIEYIERAN, FE@ELHE N
Hoy 215 Wiy 4 2R3 e T FE SR PR AR BN ¥ 4R B2 ( Tan
etal. 2011, Jiménez-Aranda et al. 2013,
Cipolla-Neto et al. 2014). Rk Z 1 7 3£
B, 8 SRR T I O e IR T A 2R N B
B #¢ (nonshivering thermogenesis, NST)
MG INREETHAE (Heldmaier et al. 1981, Hall
etal. 1985, Puig-Domingo et al. 1988, 1989,
Halpern et al. 2020, Mendes et al. 2021). Wi
IR AR A A 2 R ( Peromyscus
leucopus) FERESF 10 pug. 50 pg. 100 pg 48
SR R AR BRI A, I H S
[B]JCo% (Hall et al. 1985), HZEE 2R Zucker
K SR N AR R IR S5 e T IR 7 AL 2 Aok B
H& &, WMBEE A 1 (uncoupling protein 1,
UCP1) HEMYIEtER c ALl (cytochrome
¢ oxidase, COX) &Mt (Heldmaier et al.
1981, Fernandez Vazquez et al. 2018). #h7e4h
5B FE R B Y 3 G iR AR R A G R
# I8 BT H R o- B ERCH W AL B

(a-glycerophosphate oxidase, a-PGO) £ T,5'-
Ml (thyroxin 5'-deiodinase, T45'-DID 751,
FEPEEEr 1A% (rest metabolic rate, RMR)
AEEEMAE =R, BN i o = W IR R

(triiodothyronine, Ts) WKFE (EHZESEF 1998,
FEERSE 20000, fFEANAREFFEHHAI, Fia
SRAAS iR U1 o b SRR 42 32 B BRI R VR T B AR
F T H 8T 7 4 SRR RRURT R A 1 1

(Halpern et al. 2019). {H&, A —L3h1)iE
USSP RB R R A s AR BRI AR AL,
B3 BN £ 15 8F (Clethrionomys rutilus) (Feist
etal. 1986), IXLELIRKH], HEERFEI Y
PIPRE PR 5 n] B EAA T B R e

JE K (leptin) J& M OB J: K ZwiL K H 167
AN IR =), T A AR 40
W (Zhang et al. 1994), x&— 1 E LA AR B I 1Y
W, fEreE s EE/EN (Friedman
etal. 1998). W FL A AR B B M 3R AR ELAF
H, DL RE & P4 (Szewczyk-Golec et al.
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2015, Buonfiglio et al. 2018), HIHEE#EKH =
22 E Wistar KRR A ZHPT, HREEHIN
AEAE (Buonfiglio et al. 2018), B4l B &
TE A5 5 e 2R EZII/EM (Buonfiglio
etal. 2019),

RET LKA T AR S R EFR IR X RAL
CAL, ABRGEE IR, BAMIEZ AN
SAFZ MRS, RSN FEE
X 2 —. KR (Eothenomys miletus)
J& T Witk H (Rodentia) 8 F} (Cricetidae)
H B EEL (Arvicolinae) ZEJE, & EFH
B, SR TR T L ko X R FL BT X
REWTIL X E AR, ERE =R PN 52
FHAL R — Lo X #7534, £ A F 25
TR, KEE. WYL, A ERL. Al
X. KEREBEMETEELKRX, Z/ERIN
S, EHRREIRE A, NN EDH R
DA BB e, DL RV B AR ZE A
FirREEEY) (BEHSE 20000, REHN
B R B AME E R E N2 —. 12
LRIk, RTRBRERAESSRACTH T
ZHIE, R R AR E RASIE (F
W45 2006, Zhu et al. 2014), &% 2/K (Zhu
et al. 2008), FEHEE IR (R
5 20100, AYMEXHMAR, MiFERSEMRE
BB (Zhu et al. 2010). M4h, 6
FRZRAT N RS R AR B AR AR R, 7= #6838
5% (Zhu et al. 2011), BiBE R HIR AR AL K
SRR IR 2 P2 AR, AR T B I s i R B
F A ReE AR E T R EERER R,
ASCAE R T S ah b, DAAMR AR R
PE M R 5, MHLARAS [8] K S B3R 1 il 2
PR KGR AR E . fe &AW AR 51
PER, DL R T 18 B 8 0 Kk R AR A7 3
VA=A

1 MRS

1.1 SEREY)
SIS R T 202147 H A 54 K

HUFRFHYe K 2098 m, ZRE 1000147,
Jb4h 250357, M X AL T LK R By, TR
N0, WAKE, RIH IR ZX
SAFFHE . KRBREMH T K TG R = M i
K (BTRIX) seags, o 7E T sh i
FHENMEHBERE N (K 260 mm. T
160 mm. /5 150 mm), NGRS, 1677
(25 £ 1 C, BN, BHRLIEKE
T B KR D B TR, SPIAOK
A E . 3R A EE AR I 1 8 R A Mk 14
FAGEIENL 1A 5 TS5 .

LI, B 7 K, =8N
(25+ 1) C, JuaAMREHN12 L 12 D (H]
A 12 h, 8:00 BFFFAT), FHTEN
T 10 h J5, TIEME S R B R A (29.58),
VESE 20 pgkg HREEBIZE (M5250; Sigma
Aldrich, St.Louis, mo, USA) ) 1%k, 4 3
£h7K 0.1 ml, 78 BB 406 Nt AT, SRR (39,
43D, VESF 0.1 ml 1% PR RS A EE 2K . 4B
FIOIES R CRRATRT 2 h) ST Z AT R R
B, BPSAh 1 sh At ML 25 R B
s (Margolis et al. 1981, Bartness et al. 1993),
REBRNERAESRTBES (20000 1)
WF5E. SEIRT 2021 4F 8 HitAT, il 28 d. 5L
5o HAIAAERG 2 d e — RN E . AR, 1R
KEMBRERE, #EARURE AR = R
1d. 7d. 14d. 21 d. 28 d W&, FF7E 1d. 14d
A28 d R LA S5 A% (Czech Republic,
WIC-640-SUW 1) Xof Kok R AT A8
1.2 #iE. #E. B8E. BKENNE

PRI B R bz HEA
FRAF], XGN-1000T %) i G LRSS E
%2 mm, FEEEN 0.1 C) . KRR ELE
i LI E A S ESY) 2 om b, fF
BT R ERR R il R AR . SR AR
PBACI 78 R LR 5 IR IR R R B o SR /N Ly
AENYAREE RN RS (PRO-MRMR-8 Sable
Systems, International Inc, USA) iC3R/RE .
B KK E.



+ 884 ¢ =24 Chinese Journal of Zoology 57 %

1.3 RNz

K /N B FLah AR 28 il R G == 50
/INL I AW RV S TE R Gt N o e
e i B R N LAUAs (iR By 7 v
J7, SPX-300 %) il GREMS) £ 0.5 C),
SEIG IR RS HIZE 25.0 £ 0.5 °C, REAT K
SRR EX N (Zhu et al. 2008). J5E
VEER 3 ~4h, IYEAMEEN 30 min,
Bk )E, B S minidsk 1 REIE, %
SEPE 60 min. SEINLEW S, T HSLIRHE,
L 2 A RRE S R R R AR R, A
N ml/(g-h).

TEF AR 2R 5 S5 0 5 I 304
JE R FES Z B FRE (norepinephrine,
NE) , WESHYILE 25 C N KIEHEHE
o EHE B ERERFIE A ET 0.8 mg/kg
(Zhu et al. 2010) , JEBEHE ™ A% G200 2
60 min, 5 min 03 1 REEE, EEECRAR
W SAE S AEEEME = A CRTT RS 20100 .
14 MEBREENHN

28 d SIS S, AbSEEY, Bufl, EUH
FIIMRAE 4 CUKFEERE 1h, 4 “C 4000 r/min
200 30 min, WHUME T 2 ml EO0ET, BT
- 80 CUKFIHIAE, &M . FePTAFE IS T
B, SRA/NER ELISA 5055 &l e iy s 2
SRR R . HUIRARE  (thyroxine, Ty)
MEE. BERNKANE (FRhRmS:
YX-E20015M) = fift B AR Ji S0 R A I3k 711 4
(P25 YX-E20366M) AT FFIR Jif 246 0
RA&E 25 YX-E20363M) B H L
EARIEEMRE AR A .
1.5 FRBERIEANFEASTE. BEHEN
e

P A S, 47405 B RS I R4
HEWTAHLN, ERREar A A talgiias, M
I RAF (Switzerland, AB204-S %) FREE (k5
22 0.001 g) JE53 A S ml. 2 ml B0,
BTWAY, FHEBEE -80 CIRIRUKHI A,
. AR eSS, SRRk

SERAE (RIBEAREDE ARG RA A,
FE RS C3606) HEHUT A1 UlE i 41 23
Akifk. XM BCA HEWREMEIAH&E (-
WA EEVREAERAR, RS
YX-E20015M) il & JH- Al e €4 g 7 A 23 15 2
H. AREASE. MEBES 1 SE. 4
Mtz o EAET . o-BERS H AL . ToS'-lE
PR () 975 P R FH /I8 B ELISA 70 & 5E o AR A
BEA 1 WA E P mhms: YX-
E22121MD. i ta R ¢ FALEER IR & (77
MRS YX-E22118M). o-ffHR H it S (L BEAS:
WRAF G (FEigS: YX-E22123M). T,5'-
It A A I 7R A O v 5 YX-E22129MD,
B A BRI R R AR, SRRk
P IR B AT
1.6 SR FITE S E Kl e

fFamor g, filie B, BEAPERR, SER D
AR E MBI HS AR, FIEAUR T8
BRI BRI, o KPR E &3 B R
HOOFEHZE 1mg) EETEHHKN, BT
1, 60 CHLZEfEE, RE CHEHE Ilmg), fE
RNEETHE, RUHIIMMHEAE, 2EHE.
N GERRE R, NOHIBR S E R
GhER AR R E S WA E, W AR
A, AEHRFFEIRES, f AR EE R,
FIE R E K GRS 0.1 cm). SRJEHKIL
PEIFr, HAEREIKEEARY, BIEAL
W TR AKSY ERRE, (EAMSEEE, BRE
JES BB MHGEAE E, BT, 7
60 CHT-ZIEE, A NS E TE. EZHN
k-2 B RV A8 S5 Bk B T SR B R R
1.7 Gitair

BHESGiHK A SPSS22.0 A HEAT 4t
IHT. BB IER DA ZFERLE, 6
ST 5 AF o ARG B A G b 2
RARE, WEFGITITEEIE. KR,
B BUK. B LA R AR I S
AR S 7 Z ARl (AR E R
AR D o SR FH S RV o A S 56 I AR R I
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HARE, ZH AR E 2 R O RE A t e
fro MIGEESE. HAwERTHRA ED
T BEETE. SR ERTE L TS S R A
(1) 20 1] 22 5 >R FH DA 3 R VA8 = 1) W 5 22
Bro MRMRICER A 1 &, T,5-BiAtpgyS M 5 i
5 = R R =R S B 1R 2K Pearson A
KoaHr. FAEBLLVHME + FrdEiR (Mean +
SE) /R, P <0.05 KR-EFEE, P <001
FTonERWEE .

2 g3

2.1 fARE. KB, BEAFEK

2.1.1 PREMKE S50 HT 0 R ZH AR BRI
ZFHRARKEZERFARE (t = 0642, P =
0.533). BEZE SLIGHS M AE K, X REZH KoK R
REBEAYIEZN (Foss=0519, P=0.854),
WEBMRAKELRIE BELN (Fy, 54 =
3.194, P=10.004). M 16 d FFUBH A EPIH
REZFEF (16d, t=2.339, P=0.037; 25 d,
t=2.780, P=0.017, K 1a), 3 28 KX
HARE REER AR E )y (42.16 £ 0.33) g
A (39.94 £ 0.55) g, BB ARG RARF
KT 5.558% (t=13.432, P=0.003). SZLHI*}
FE2H R R BE R H R A R (3627 &
0.18) ‘CHl (36.50 £ 0.13) C, WALEEE

—O— XfHB4H Control group

451,
44 +

43

4 ;:é\‘}?‘é/é‘i/(}\%/%\g
af | IR

{&E Body mass (g)

40
39

38 1 1
1 4 7

Kb 3} ] Treatment time (d)

A1

10 13 16 19 22 25 28 30

F(F1.12=0.982, P=0.341), 25655 16 ~ 28
RE, W BB AR 73 0 A% 2 2 e T R
41 0.80 "C.0.57 "C.0.70 ‘C.0.62 ‘CAl10.80 C
(16d, Fi 1,=13.938, P=0.003; 19d, F; ;=
11.321, P=10.006; 22d, Fj ,=19.843, P=
0.001; 25d, Fy ,=10.234, P=0.008; 28d,
Fi2=19.083, P=0.001), HHANERTZE,

SEREWN (KR, Foss=3.865, P=0.001),
Ho 28 d IHRER 1.d 51 0.77 °Cs i %o HE A4 IR
ANERANEE (Fys4=0.409, P=0.925) (K
1 b)o RAMBURACT IR, SRR PI2H 1H)
J& A S BRI B B 225 (Fy 1= 2.842, P =
0.118), 7E 14 d A1 28 d i £ 18] J& i a] Bz Jik I
EEREE (14d, F1,=9.566, P=0.009;

28 d, Fy 1, =413.444, P<0.001), 7£28dHf
MR PR A BN R S 0.87 C, HAREBEERA
PN B ) B iR P 2 S 3 (Fy, 10 = 193.765,
P < 0.001), XfHEZH KSR M IH) B Jok i 5 5
AR LR EEZR (Fy = 0.500, P=0.619)
(E2),

212 J|EE. BKE SLRnT, X IRAMGE
BHEHARARGEENRKELREEER
(JEEE, FL2=0.180, P=0.679; /K&,
Fi.12=0.130, P=0.724). M 19 K 4h, #E
RRAMCEFBRERTHRA (19 d,

-@— BB EH Melatonin group

380}

375+ *%k
S

370} / \*/§—§/

Q/i\ / é

3R Body temperature ("C)

36.5b" 0—O—p—P—,
_B/O Q © é\(’é\@/@\(}
36.0
35'5 1 1 1 1 1 1 1 1 1 J
1 4 7 10 13 16 19 22 25 2830

AbHEA}[E] Treatment time (d)

HBBENKEAREE (a) FHEE (b) KM

Fig. 1 Effects of melatonin on body mass (a) and body temperature (b) in Eothenomys miletus

*P<0.05,** P<0.01.
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Fi.12=8328, P=0.014; 22d, F; ,=5.978,
P=0.031; 25d, F| 1, =9.067, P=0.011; 28 d,
Fi.12=7.180, P=0.020, [ 3a); WK
B 13dMNEAEEZER(13d, Fy 1, =15.886,
P =0.032), |28 d BJHEEE R AR RA T

EAPS
Day 1

EALTS
Day 14

28K
Day 28

¥} B ZH Control group

&2

AT:-0.08 C

AT:+0.18C

AT+087 T

B RN AR SRR I 8 B2 A PR R R i

PRI R 4 Melatonin group

~
O
=
o
=l
i
<
2
8
=

[No]

Fig. 2 Effect of melatonin on interscapular skin temperature in Eothenomys miletus

T SAR R SIS AL E . The arrows indicate the position of the animal's shoulder blades.

—O— X #84H Control group

650, 857,
< 6.0 < 80
E g
g 5.5 P
S e Il L
B 5-0 * % 5 ;/é
o ~~ 8 65 ¢
- - \+\ sy
gﬂ 45 + + + + ]ﬂﬂ 6.0 L
B 4.0 - = 55|
3.5 Al‘r 'I7 lIO 1I3 1I6 ll9 2IZ 2IS 2IS 3I0 50 1 :l % 1I0
Qb ¥R} E] Treatment time (d)

—-o— BB 4 Melatonin group

* % Kk

75 %/+ §/} é/é
SR e an S

1I9 ZIZ 2IS 2IS 3I0
Qb ¥R} E] Treatment time (d)
B3 #HEHEENKARZRE () MBKE (b) Kim

Fig. 3 Effects of melatonin on food intake (a) and water intake (b) in Eothenomys miletus

*P<0.05,** P<0.01.

B 19.571%(F; 1, =13.036, P =0.004)( 3 b),
HE BV 2H A £ BB N (] AR S T D
HHANERAEE (Fosa=1259, P=0.280);
B RO 2H N $R K BB A I T () 2 K T8
(Fo, 54 = 3.436, P=10.002), XfI&Z7EHEA 5L
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WLEEEE. BKEYLEEEER (e
&, Fos4=0097, P=0.979; H/KE, Fos4=
0.088, P=0.974).
22 AEFE

SEBGRT,  Xof HE AR AE S 2R 2Rk R
ARG R AEHEE R = A T (F IR,
Fi.12=0.015, P=0.905; dEEEHE G F o=
0.013, P=0910). 7E 21 d B PP I
AR AR R P IS 2 e B (FR AR
K, Fi1,=6.488, P=0.026; AFEiEE>#,
Fiip=7333, P=0.019), MEEERMAFILC
2 R AR BB M P A B R A T
15.610%F1 16.415%; £ 28 d INPIHBNII
IR ERERWEE (F , = 10517, P =
0.007), JEEIEHE == 7 BE (F)1,=9.278,
P=0.010), #B R HF QR A SETEE
FERA LR A 73 700 T T 18.610% 411 17.652%
B S I6 I TR R 2B, X RR A Sh A ) i 1R AR T
AR BB P2 A0 B3 AR (R AR
Fi24=0.430, P=0.780; JEEEMAET"I, Fyou=
0.188, P = 0.942); #HREBHRMANYIMIF: IR
R R B 4 77 i SIS I R] A SE K 35 2
W (EIEAREE, Fya=4.017, P=0.012;
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Fig. 4 Effects of melatonin on resting metabolic rate (a) and nonshivering

thermogenesis (b) in Eothenomys miletus

*P<0.05,** P<0.01.
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Table 1 Effects of melatonin on protein content, enzyme activity and serum hormone content
in liver and brown adipose tissue in Eothenomys miletus
ZH xR HREEA F P
Parameters Control group Melatonin group
JF Liver
JF T & Liver mass (g) 2.042+0.114 1.909 + 0.081 0.901 0.361
SHL [ Total protein (mg/g) 45.728 £ 4.386 49.856 £ 2.581 0.657 0.433
2 ki 1A 2 H Mitochondrial protein (mg/g) 15.570 £ 0.858 19.275+£0.714 11.028 0.006
4l 2 ¢ S 4L Cytochrome ¢ oxidase [nmol/(min-g)] 34.663 +0.875 51.902 +1.526 96.065 <0.001
- H il %L EE a-glycerophosphate oxidase [(imol/(min-g)] 38.750 + 1.741 42.693 £ 1.735 2.574 0.135
3 0.1 17 4123 Brown adipose tissue
oy (8 I 7 4 23 FE & Brown adipose tissue mass (g) 0.202 +0.013 0.229 + 0.012 1.635 0.225
J4. 25 Total protein (mg/g) 4.757+0.351 5.828 +0.269 5.852 0.032
2R A B [ Mitochondrial protein (mg/g) 11.511 +£0.305 13.889 £ 0.577 13.260 0.003
fE BB A 19 1 Uncoupling protein 1 (nmol/g) 453.095+10.870  520.619 + 18.534 9.876 0.008
ARt 2 ¢ A ILEE Cytochrome ¢ oxidase [nmol/(min-g)] 432.937+26.559  533.560 + 12.231 11.842 0.005
- H il LS a-glycerophosphate oxidase [(umol/(min-g)]  124.166 = 3.201 139.823 + 4.427 8.214 0.014
T,5"-BLAA T,45'-DIT (nmol/min-g) 13.377 £ 0.526 18.497 + 0.474 52294 <0.001
IfiL 7% % 25 & & Serum hormone content
Z MR IR R ZURR Triiodothyronine (pg/L) 1.156 £ 0.055 1.472+0.078 10.839 0.006
FUIR IR 2 Thyroxine (ng/L) 42.508 + 0.962 37.657 +0.724 16.237 0.002
=ML IR R Z R Triiodothyronine/ FUIRIR 3 Thyroxine 0.033 £ 0.002 0.036 = 0.001 1316 0.274
&% Leptin (ug/L) 1.395 £ 0.052 1.591 +0.050 7.265 0.019

B PEME + ARk, FRRER T ZRAT 00 (LURECAPMAEE), P<0.05 oRZER R,

Data are mean + SE. Values are significantly different at P < 0.05, determined by One-Way ANOVA, with body mass as a covariate.
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Fig. 5 Correlations between serum triiodothyronine and uncoupling protein 1 (a), and

thyroxin 5'-deiodinase (b) in Eothenomys miletus
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0.422, P = 0.012; Kl 5b),
2.5 SRARMBAERS

MR BRI SME R IR, 52
MR E AN SE N T E R ECT A, AR SR
FRZAR R B AN R (3R 2D VESHE R
2, RERKMBENENE. MasHNED
H, BKE. B NEWEM RGNS
YE BT RA, HRE BTS2 AR R
BEREWARE (K3,
3 Wik
3.1 BE, FRE. HKENRKE

HRIBEE S HESI Y AR 2 R G0 )
FEMEEN b, EL R E A AR AR
AV STOE AR T e AR (Faleon
et al. 2007, Cipolla-Neto et al. 2014, Buonfiglio
etal. 2018). #lBRMFE L FIMAEERETEA
(Buonfiglio et al. 2018) FIMEI#EHFE (de
Souza et al. 2019, Farias et al. 2019) K [F{Kz)
VORI B o AN AR PRI TT L 2 RSN

MmN EME N IR (Bartness et al.
2002, Ryu et al. 2018), /%, HEHEEMEH=
2 FE Y REE M AF S, T 3G o 4k B
(Cipolla-Neto et al. 2014, 2018, Buonfiglio et al.
2018) o {HAMJEHE S B S IR 45 B B A4 5
VT B YRR R, X 5 R R RN — B
PR AL B R I R 2 B 2 IR (Bartness
etal. 2002, Ryu et al. 2018) FIAEFE Boscat %R
(Hussein et al. 2007) [AEMEYRAE,
AR A SR FEVE S R B R G R E A &
J+ & (Bartness et al. 1984), JEBE KR
(Fernandez Vazquez et al. 2018). A MEM: K
i, (Wolden-Hansonet et al. 2000) F1Z# /N &R,
(Tamura et al. 2021 ) 7E#& B IR 25 24 )5 1K =6 ek
BEQYVRATR, BEEFS PR (£
B 20000, A1 H B (BEERZESE 1998).
/IR (Song et al. 2009) KB MK A M. 7
AR T, R IR B PRAC TOR SR R AR =
THALTE NV EAG R, U AR R B
TR RE IR RS RAA B R R 2 — . b4t

2 ARBEEN KGR S AL BRI

Table 2 Effects of melatonin on body composition in Eothenomys miletus

B RZ AR X HE2H BB A F P
Body compositions Control group Melatonin group

FEAE Sample size (ind) 7 (39, 43 7 (29, 58

A4 Body length (cm) 12.071 +0.1643 11.900 £ 0.160 0.557 0.470
JIK Tail length (cm) 4300 +0.141 4.486 + 0.059 1.465 0.249
JIi & ¥2 5 Carcass wet mass (g) 30.057 +0.431 27.689 + 0.678 8.689 0.012
R H Heart wet mass (g) 0.299 8 £ 0.025 0.239 £ 0.026 2.779 0.121
T Heart dry mass (g) 0.072 £ 0.007 0.055 + 0.005 3.760 0.076
B E Spleen wet mass (g) 0.092 +0.013 0.094 £ 0.009 0.026 0.874
2 Spleen dry mass (g) 0.021 +0.003 0.022 +0.002 0.068 0.799
Jili¥2 E Lung wet mass (g) 0.248 +0.012 0.276 +0.025 1.070 0.321
JiliF 2 Lung dry mass (g) 0.060 + 0.002 0.067 + 0.007 0.782 0.394
' E Kidneys wet mass (g) 0.398 +£0.018 0.364 + 0.007 3.092 0.104
5 T & Kidneys dry mass (g) 0.123 £ 0.007 0.111 + 0.004 2201 0.164
22 JLHP E Testis wet mass (g) 0.511+0.061 0.348 £ 0.009 8.807 0.021
22T 5 Testis dry mass (g) 0.088 +0.010 0.058 + 0.003 11.704 0.011

BRI + bR, FBEERIDITZHAT 0 (EERNHER), P<0.05 RREREE.

Data are mean + SE. Values are significantly different at P < 0.05, determined by One-Way ANOVA, with body mass as a covariate.



* 890

=24 Chinese Journal of Zoology 57 %

K3 EREERNKRARBECELSOR M

Table 3 Effects of melatonin on the morphology of digestive tract in Eothenomys miletus

THAIETE A xof 2 B BERA F P
Digestive tract morphology Control group Melatonin group
H Stomach
KJ¥ Length (cm) 2229 +0.097 2.243+0.191 0.004 0.948
& A E Mass with content (g) 1.593 +£0.023 1.008 +0.100 32.290 <0.001
fif 5§ Wet mass (g) 0.358 £ 0.033 0.410 £ 0.036 1.111 0.313
F-H Dry mass (g) 0.088 + 0.009 0.094 + 0.009 0.211 0.654
/N Small intestine
KJ¥ Length (cm) 31.357 +1.491 27.914 +1.032 3.605 0.082
& N A E Mass with content (g) 2.057 +0.657 1.791 +£0.937 5.458 0.038
fif 5 Wet mass (g) 0.821 + 0.047 1.110£0.136 4.023 0.068
F# Dry mass (g) 0.168 +0.011 0.195+0.031 0.690 0.422
E M Caeccum
K J¥ Length (cm) 9.786 + 1.112 7.186 +0.213 5.274 0.040
WA E Mass with content (g) 3.170 +0.208 2295 +0.341 4.809 0.049
i 5 Wet mass (g) 0.577 +0.056 0.840 +0.144 2.907 0.114
F# Dry mass (g) 0.115 +0.008 0.126 +0.015 0.460 0.511
K Large intestine
KJ¥ Length (cm) 19.957 +0.554 19.614 +0.774 0.130 0.725
WY E Mass with content (g) 1.178 £0.154 0.736 + 0.056 7.224 0.020
£ 5 Wet mass (g) 0.496 + 0.063 0.402 + 0.034 1.720 0214
F-H Dry mass (g) 0.110+0.015 0.074 + 0.006 4610 0.053

B PEME + ARk, FRRER T ZRAT 00 (LURECAPMAEE), P<0.05 oRZER R,
Data are mean + SE. Values are significantly different at P < 0.05, determined by One-Way ANOVA, with body mass as a covariate.

BB RS SN YME R H 2 B (Hall
etal. 1985). 22k E & i (Bilbo et al. 2002, Ryu
etal. 2018). ZLHF (Feist etal. 1986) 51 /iR
PR . AWTTRH, HEREER B R RS
U2 R B, IR SR WV SRR RR RN M K
98 B R AR AL B A SR T T s 41 o 5 T e
& R G B AE 7™ 2 H 15 2 g 1Y) B EE N SR IS
Z—
HR B BECER W LA SE W 3 AR AR R R T
(Binkley et al. 1971, Heldmaier et al. 1986,
Saarela et al. 1994, Cipolla-Neto et al. 2018,
Mendes et al. 2021). WFFLFKH, 7ML+
HE B W] MESh AR T s, B2
HE B ER P LA SR AR TR~ A (Haim et al.
1982) B HFRIEMITIAE (Padmavathamma et al.

1994) . AWFFLEE SRR, KOk EL T 5
28 d HEBWER G, RO T E T 08 C.
X—gi R H B4 E E R (Heldmaier etal.
1986). AHEEMEME K (Wolden-Hansonet et al
2000). AERE K. (Fernandez Vazquez etal.
2018) FEARFRUE AL B 5 45 R AL H AL
WENINL s, (Rhabdomys pumilio) #1223 5
(Praomys natalensis) HH Wi %2 31| 4B S ¥ = AF
HJE R F 5 (Haim et al. 1982). 1H 535
5t (Peromyscus maniculatus) (Andrews et al.
1993). HZiiffEe (CEBLERSE 20000, FH]\ ik
5 (Octodon degus) (Vivanco et al. 2007) VLK
1928 (Binkley et al. 1971) {45 R, XLk
VIFREAR B A F S AR PRAK, AN ZRIEAAR
PR ERIR WL (Dawson et al. 1996,
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Harris et al. 2001) o 3X 22 AN —F (1) 45 ] GE 2 HH

TEMRIFRE . A PR DL AR R b HE

M55 & 45 25 07 SN I [A] 1 22 0GR
(Cipolla-Neto et al. 2014).

AR, AREREER AR/ DA ALK
RS Db R mEAEH, MREBBE AT
3 3 R AR A BRI K AR, AR AR R
FACTRIEE 8 K, JKIHFEAN R A LI H 48
MR GHFREELS, I HEERE DT
FIJR¥ % (Richardson et al. 1992). 257N S N
R WM 7K E (Song et al. 2009).
AR WL, R B EER B KRR
RFKE, (HAE PSR R — 27T
3.2 FERIENE

FB R AT DL hn e SRR A 3
YIWIRE (Fernandez Véazquez et al. 2018). JH
A €15 107 2 23 2 B W Ak 9 77 A B 2H 41

(RS 1998, Tanetal 2011). HFF=#uRf
PERT LR SR [ g B A 2R ) A FUARE, E S
IR, AR = ] 18 P2 B & 1) 25% 70
i (EEZESE 1998), WFFLRE, w4 Fn
i G HH RFE AR PR R AL B S T e B A 2R AR
EAGERE, HRtR o FAIE I
S (BEEEEESE 1998, EBESE 2000). MfEA
T, MR RIS R AR T A I N Rk U S R

TR o T AR T, (R R
EATE. MtR c SBEEEER S,
FEF ARG R ERIN, AR

BN AR AR 4 T, H
7= HABE 7T BE TR ORIFT FL AN 3 I 2. 35 (1) 1 455 0 P
B, GHEFEA RS A, wEENiH
ZUHOE ] LA R B I AE A7 e 7] (Tan et al.
2011 V5 4B B R e W0 35 3 o 1 2 R RSN
FHEF=# (Hall et al. 1985), #RE I AE

et Lk B 2 WARERHE = RE ST, 1Nt
HEWT AP R fR s B . ALt R ¢ AfL

BEvE 4, 3 sy €68 77 (Heldmaier et al.
1981 MBI 1 SR NEE BN A
P HEE TR —/NMEFR (Cannon et al. 2004).

AR, A AR R (pinealectomized, PINX)
2 33 Wistar KX BRAREBCE 1 & 2 U
HH 1 mRNA RIEFEC, FRCHAS BT 4H A
F=#EE /) (Buonfiglio et al. 2018, Halpern et al.
2020)  FEAHI Tt RS BRI S R BB SE e 1
NEWTHZAF= $ad TSGR SE IR 4H ) AR B
HE 1 EFERENN, AR T8GR AEwE
o R RN HA PRt o HALBE.
o R H VSR S VR AE v S R RO S B
This, XRHIBERIRBOE 1 FIREEE M I
i VA ER DA R A AT R, kR
W 2 4 T 107 A 2R SR AL R T T RE R AR
FRVHER G 5 OK G B AR R 7 R RE 0 I TR R
Z—
33 WMERE
W B R AR W s AR,

EFEHURBRE R . SR W LS A5 5

(Vaughan et al. 1983, Szewczyk-Golec et al.
2015, Buonfiglio et al. 2018, Suriagandhi et al.
2022). HURBRHER . R EHAEER S 590
HIREEACHT (Rios-Lugo et al. 2010, Yau et al.
2019) . HUR MRS AT LR 2048 0 iR 7 2L 23 7
o (Yauetal. 2019) o #REHEER. HURIRME
AR AR R ROEWIT T, IR
IR A BV S B PR U 3 Y 3 ARG R I 3K
F, TR HA EE N (Vaughan et al.
1983 ) . 4B BRI B AT DUIE R I 5 L1445 B
ML N TS5 B IR Pt P >R 38 i = f R
R S R KT AT A 52 e €0 I D7 2E 2377 4

(Puig-Domingo et al. 1988), U1l B2 EHT
ffi b FA F (Spermophilus tridecemlineatus) #5t4
NEWT 2R T,5- BB Vs e i 1 7 £%, A
T A 46 €60 1 7 2EL 23 FROIR i 28 It e A g =
P B v ) = U iR 5288 (Puig-Domingo
et al. 1988); HE B AR B EH AR & AT
NI 23 i) T,5'- it g ) s, H R A2
Rt BIARRREER e (U IR DT A 23 ks =
P I 9 TS - BRGS0 78 HAR 28 B AN
A A 520 (Puig-Domingo et al. 1989 );
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Wistar K ERAER RARVIER G, Ta5'- i Al 1 %
REAR T 0 IR AR SRAR D) BRI FE R 430
¥) (de Souza et al. 2019). AWFFL4E R TR,
HR IR AR R 2 Z R TS Bt TG 43 4R
R W E WS, 50 HR A A LU P 1 0
38.275%. HAEAWIFLH, #E M FER TSN
TORGEER LIS b =B IR R A, EAE
FORIRZR & PR, X AT e AE AR R 11
PR 385 s e € i 7 2 23 40 i T4 5 -l
R NEPESE o, 3 B A FOIR R 2 B T
f, PG =R IR R R AR, AT
e L H = AR R SR BRI . 4B (T T 421
HEARIREE 1 1 BRI T 17 A 1 75 2 = A
JREZR1Z 5 (Bianco et al. 1987). A7
R, M =0T IR R = BRI S R R
1 SREIEMR, TS5-FEgrEE S =
IR IF R & N 2RO, RWIFERE R
BORGR = g it fe v, WORBR SRS 1+
oy EERIER

B PR R 5 98 M EAE R T e T Al
(Buonfiglio et al. 2018). WF7C KB, [1ARKEE
TR T HE s 25 /KF (Song et al. 2009, Lv et al.
2019, Suriagandhi et al. 2022), n7E i
C57BL/6 B/ B b 7E 4R R 2 S 30Ul
SRR W TS (Song et al. 2009). HAth A}
FAEKI, WRBEEATH RS R B FRER
A 4> (Alonso-Vale et al. 2006, 41K i
Fa RARYIBR J5 TR A sk Z 4k R S EUE R IKHT
MIBEE RN N, #5057 4277 Bad PEBRAIS,
IRAAREIGIN, MAELSFA SRR ER R B 4k
BWEGE, FEREUEEWE (Buonfiglio et al.
2018)HF Tl AR IR ML A R A5
L ER, RKEUN Bk 5 R X ik = 4l
M E 2K 1 (lacking melatonin receptor 1,
MTIKO) FEE VR 2R RIS, - BUER
STk, SEUEERMGL, RAFEELZAER
BRI/ RARE I, RREYHAE
B, #EJEE A (Buonfiglio etal. 2019).
AL, Rios-Lugo %5 (2015) &I, 4 H

BERIRIT 10 A5, RERMAIKY K mRNA
FIRBEAG, MU & A BRET F (i 2 € 3K iR 4
e FEARFFIH, KRORIEE SR BB 28 d
G, MiEFEREGERE ST RA, VR
BWEREN T IR RIE RS &, R
TR T e S A AR R ORI
. PEIAIMARE

R R, TR RMER R KRR e
AR E TG, EEKE. MR, bR
AR = A . HARBEER S
TRORMERGE L. RSN T A AE O
e LR = RaF I . R I s A8 K
SR PR E . BE R v ] g R A
ER . iz, HREEMER T peid it PR R Sk BRI
B B AN 58 R 2K R R4 €20 1 D 2EL 23 F 7= 4
TR PR KR R R .
B B R TR A A R A B B )
AEARHAENERRAELE TS TH
#Hoh.
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