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Abstract

The adaptive physiological regulatory mechanisms of mammals in varying environments represent
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one of the current research hotspots in physiological ecology. Animal adipose tissue, a highly specialized
tissue within the body, plays a crucial physiological role in environmental adaptation. Through flexible
regulatory processes such as energy storage and mobilization, thermoregulation, mechanical protec-
tion, energy metabolism and immune modulation, as well as synchronization of circadian rhythms, ad-
ipose tissue aids mammals in maintaining physiological homeostasis. White Adipose Tissue (WAT),
serving as the primary energy reservoir, responds to energy surpluses and deficits by synthesizing and
decomposing triglycerides, storing lipids during periods of energy excess and mobilizing them for en-
ergy during food scarcity, thereby providing a foundation for mammals to cope with environmental
fluctuations. Brown Adipose Tissue (BAT) and Beige Adipose Tissue (BeAT) maintain body tempera-
ture homeostasis through non-shivering thermogenesis, with BAT relying on mitochondrial UCP1 to
convert chemical energy into heat. Under cold exposure, Beige Adipose Tissue (BeAT), as an interme-
diate state in the transition from WAT to BAT, possesses both energy storage and thermogenic func-
tions. This article first introduces the classification, morphology, and metabolic characteristics of mam-
malian adipose tissues. Subsequently, it elucidates the differences in physiological functions, thermo-
genic activation mechanisms, and environmental response mechanisms among different adipose tis-
sues, thereby revealing how mammals maintain energy balance through dynamicregulation of adipose
tissues to cope with complex and changing external environments.
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1. 5|18

Wit LS PR 7 20 SR HE T A AR P A D Re s s v] 43 1 Bl 197 H 24 (White Adipose Tissue, WAT),
¥t g W 4123 (Brown Adipose Tissue, BAT) LA K I 4F K42 H 1K €4 i 115 2 27 (Beige Adipose Tissue) —2[1],
EAED A E . RS, AU, ARBHRRIE LIAEE R R Z R AER GE 1),

Table 1. Comparative analysis of the three types of adipose tissues

= 1. =R LAESXIEE
Bt HE R ZHL(WAT) 1B EREI AR (BAT) K HIR (BeAT)

B T RBECEE. KR ST, FE. &Tﬁgggﬁﬁgiyyﬁ

, RS TANN, FERR, SRk L, oo e spgrpitine JT T WAT 15 BAT 20, &
B2 b LIS, FERAN, ZikitkE e UCP1 4k
— HeBRBIE . A JEBEHE LI 7
S (439 Leptin. Adiponectin %) G UCP1 R {5 IBE W ) (AIERIT “HAE” )
e JIE R R e 7 B A T R S L 1 €0 G 0 A4 IS 57
i (HSL fiEA6 it = B850 iR) (CPT1A {Z3k£R 1 (AR o 5 7 4 2 [ 72 AR
UCP1 #ix AR = ESEEE
PRELE R KBt . R PR R R SR AR L [ T B9 R AR A,

2. HBEHER. REEHARASKERHERNEMEAHE
BFCRIL, AR PSR Lo B BRI AT, IS A HIhRe B HE . 124140
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FHRE TR . AU fo s 40 M (a5 a2 ) RO LA A A (2] FE TR AS G5 4 b 32 B2 DL By iR J 4 iy 32,
YT Py 2R AR R, P AN ER IR AR 90% LA 1), AZaET R 2 A2 (3].

RO SRR SR N 2ARGCRIARIIH S, DIZ AR T, M AN & 2 A/ MERFK =
LRhitk, ELRWTRORL N 28, &S UCPL. I 4 i 2 1] i B b &5 4 41 43 b 40 i R FBL A = | R B 4
B, ACIEAN AT Y S AN B R R S PR AR R G A E i 7 1 7 B Th RE AR T 2R A A BB = FA
UCP1 WIfEH, KRl 2 AN & & 2okifk, H A B UCPL K8 LRI 5 ATP & BB ex,
TR RN INEE, 22 R B N IGE, X — RO AE BB = #(NST) [3], IXTEFEA
WEEHOIU R, TP A G DA R AR

1992 £, Cousin 55 & ILUNFIGWE 14 RSN KIH R R AE TR I b, B KIEM g5 EIRERE L
R 2 b R IR € 7 A A R < T A R 7 A P LR R € R I 4 — B, SRIA /K SP UCPLL,
SRIM, TERAINTRRAE ST, R N AR R G R E] UCPT BH M A% € 5 17 A 40 A
[4] B2 TIXEE R I, 2008 4 Seale FFUHAFEIE—FRFIR AL MG T A0 AL, HoKe Ho A 4 8 “ KB fIE T 7 (Beige
Adipose Tissue) [5]. S&MEREARITERT I, KO AS LS aREiammEmel, &880
(G K& UCPL BHPES R, T bkul, KEAR 2 — MR E R MNR I 40/, & B e llglifERs
SERIBCT (NFEA . 183h)iE SR “AEarE” IRI[6]. 78RR, KEfeiigpessaaismiam
MARAL, SR, ML UCPL KPR, ZRFURIBUSGL T, KEBIgRE “B” , RNHIEZA
ANIET, RRABCREIE N, UCP1 F£IEEZE LR, i UCP1 /S LR R S AL RR AL AR ARG, 5 7 75
FERA N FARERETN 7] [8]. TEMALBIYI, =gl 2 0 40 M T &S A7 AE I B 22 (18 1)
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Figure 1. Optical microscopic observation of HE three types of adipose tissues in mice [9]
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3. HEIEMHELL: EEESTSESEMA “HBREHE"
3.1. BEERERNEEINGE

FEMRITHA EZA LT AERIIEE: (1) S5ERE; Q) WMWY 3) RENE: @) Pk
¥,

HEMENHEAMUERR BT, LR WAE R (Leptin). JEHKZ (Adiponectin). HEHTZ (Resistin)-
B RBEIRF o (TNF-a) A 3R-6 (IL-6)- ML KK 5545 2 R R (R AN F[10]-[12]. IXLL0H il
REE A SN b AR TR A B, S SRR MRS, JORE S SR I
RS I 13] [14]6 Ty (V98 20 (A Co g B AL 4003 ) D B 3, 3 I 1 Fe i - Bk - B R
FORT AR EARSMEN W, FRIHEERNPY)RIE, B BPEEAN[15]. TS
I BCE AMPK H1 PPARq {5 5 I 2%, (i 2E B S LRI AT I P 460 267 BP0, [ B 0 ) F IR 4 [ 16] . TNF-ar
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A TL-6 S5 JORE D 5~ P 75 SR D FRARGT, (L E R i 20 A i 28 I P R R

AR & A KR R, SRR R EvRgiE. Py, 8RO
SN MR S B A (U T AR, B RS AHAEEE), XSG pe AL AE (B AL R E )
P ML AN B A R [17] -

BN RE R T BOBK S 5, T BE R A AN AR T S5 (Un LW 8 B2 T AR ras 10 JEOK), TR R
IZE, RN B =l AR IR RS, BEAT RBHRR AR A S A e P AR 6L RS (S
i), [ E A B I B s

3.2. BREMEAREERNSEIE

BRI A LE s, (RR. 29T TR T R R R ER . BT, CuEskA
IR LR I RE R B B BUEHLRDE A =56, OB RE I U VE IR D7 B TR 42 . VAR IR il s 1%
WS AR 5 007 & MR . RS EUVCIRE T, LRI FIREM LS LR
)BT BOE g8 LR AR, H IR R IR L ATP A2 5l cAMP, 328 i 3850 3 25 U4 IR i i (HS L)
AR H 9 =R N Wi G (ATGL)IZ A 43 i B e — B R J0iE 25 IR M B AN H [ 18] VARG A i R 0E . 18
By o K R] RE R PR S5 1F N, VA BRI NIE Wi B (LAL) A MiT/TFE % 3%[K 7 K il 51 (TFEB. TFE3. MITF)
Fok s, (LR 20 AR S TR AR R OCER, BB AR, XA Bl 1 2 5[ 19]. (KR
PSP HoE S EFERRIEL 3-F IR S AIER T, AERIH LU “AR e Al
FERRK LRI ANNE, K (0 i I 4 E I 3k UCP1 &btk iR TR EE R AL I, IR A OopL
#il[20]. TR, KBAGRIHNE TREAZM FQR7CE 39C), &id 8 /MfAE 5, 4y UCP1 #
FE LT JFORE) 2 f5 0L . FEAES I UCPL £I& LR, MEFWESE 37CH, HEEWEIE
W21,

4. IFEREMER: SRR “HEHfERG”
4.1. FREEHARREETGE

FEE R H B LU AR RE: (1) FEEEME RS IR AT (2) RREMEAESREEN: Q) &
ST 5PIRE .

TEY AR BRI AT, AR BeE, @ E RN~ R A E, B AR K SEaE s
B, AEFFAREEEZEN . AREIENI = HCRE T AR/, ATERR N3 KRR,
/00T R B P 25 AR, 0TS B B NSRRI 2. [22], BN, FE(S+1)’CAFRBRIEE T, HhanmR
(—F/INELRT L) AR IR D 4 23 R B A R A K R N . AR R 28 KRG, IREEIHSEER
Em TR, RUIRAIBEE 7 BAT IS4 SR, BORRA4L UCP1 KA N 55.9% [23]. (K5
Fa ), PRGN HSR LIRS ST S, WS G0 1A st 8 2 A9, $em iRl
2, WREFEIEE J1[24]. BRENRITA = A TTIRER 5 BRI 10%~20%, {EFEA BT F 2 60%.
e A BR S5 A AR BN Wi ik A € R I 2H 2= TR AL, 8 IR S B8 B B3 [25] . AR e IR 4 4ATE
FAE LB IR X 200 SR s or AR )z, IEHT AR IR R T H A & B s (AR B 5%), Jdid 7= #dik
PGIR  (HF =) LRR B AR, FRERRIALS & B350, FEae IR A5 51 R s LAl
IR SR B AE

R IR D7 2 28 I TR A A A B A B MR DT R, PRI IR ok e AR B 7K T, AT 5 i i 3%
BB, B, AR ANFERE R T ZE PERRAR S 2 B0 PROpT XRS5 A G o A € i iy 2H 2R3 1o Y
R E RN 0 R A P, BN 4 B R ETHFE[26] AR BRI ZH 2L WA I T H1 IR R E2 (PGE2)F F2a (PGF2a)
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I NI ERARAL T UCPL, 238 BSG5 /0N B ) g i 3 B M AN e BT 52 V27 A G IR T A 2Nk i
B TS R AEEH(BMP4. BMP)ER T, AT ERCE. NI S48 B HIZZ#[28]-[30].

it fg 7 42543 ik 2 Fh Al IRl F- (40 FGF21. 1L-6. 12,13-diHOME), i N 70 5520 Whi 42 1 15 AT
WES EREUL O I RGE AR E AR hRE . i, FGF21 RI{ERE AR TR A AL, H0HI G T& B
PUAR 7 (0 IL-10) 18 200, SR Zi & 1E[31].

4.2. FRERHEAR RS FAIE]

Ao E0 i 17 AL RO 0 B e G2 428 L SR W ) PR B B oy I R S 2 AN R T, HoiZ L 2 il UCP
A FIFEFEME =, SRS R FE SRR AT . FEA R @ R o AR R T AR R B A R
g, B EHE LIREWNE)E LIRRS XS FIRREE OISR, R ER BRI A4 cAMP-
PKA fE5i#E%, L UCP1 MRIA[32]. HURIRILZR(T3/T4), T3 it i%524 TRo/B 45 UCP1 FH#E
S, FEHSRECRAR A YA U(PGC-1a 3LEEE R 1), 58 ERE RO, (213 UCP1 RIAFL
KLARAYE 33]. Fr R I A ZARBE AL LI 2.
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Figure 2. Regulatory mechanism of norepinephrine-stimulated thermogenesis
in brown adipose tissue (BAT) [34]
2. KRB ERRFERI BAT A HIETIHLH[34]

5. KEIRRAER: SRR “NiahETHRa”
5.1. KBIEEREARNERRE
KESEHADI R EEA : (1) BRI Q) &R, WRGER: (3) R,
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KENR A0 AE AR Z RN, A AGRIAEmaL., EZEUHMm =R EF 2 REeE, #HE
JE K R T = G ERE IR KR G T, R 8URee 22 R G 10 AT 500 o oK € I D7 (0 8t vl i B A € R I
PERpfi, JCHAERRERN & EEARM AT, KENRNT Oy EZ A IEBE M = ok, R AR E i
fEDIRE, SRETE TR EENH AL = A4 [35], TR FERE Fh (LBl Al IR A H, A HIIB4C, 4 /MR I
VR i 7 2L 2 e I RO R R R S IR 2 (SGRR)I R . Rilil% SGK2 J&, KRR /L 3R~
F, FPEHJERE (W1 UCP1. PRDMI6)#IA [EK[36].

FEAEE T B AR M A R, BIEH'E BIRE, fEH T RERIAmm g3 5 EIRE 2, 5%
T UCPI Ri&, REr=#(37]. N, AUKEGA 7K n] 2 EuE oK g 7, A IR st 5 ¥4 2 75 ) e 34 0
HEE, IR ARG E H S L.
5.2. KEREALRNEERBRE

LA AN 2R-6. &R 3R (irisin) 55 A 70 R IPE T, DARJR 38 FE R Ak A S AL AT koK
g W LR IR A [38]. IEAERINBEFUR I, AR W AL4h 1 B Wi A CRR) 2 M2 7Y g i ) 78 K e g
JU 7 R R A EE AR . M2 B S G T DA Sk LT A T A B L DR T Bts1 fERIE, oL T AS
2 R E KNI T [39]0 KEE 75 WA 40 M R 7 (n TL-10) n] #IH] SR RSE, 2% fif 13 1tk 98 E 5 5L
(156 5 R PT, JE A RIEOT S g B A SR A i I K R R W LT 7 I PR A g
S FAPUO AN 5. TEA BB AN, AR A ST 305 SHEARN = R EPK AR . X — i FE ARl
TIREPESH M N 1 TL-33 )40, HOBiE LC2 /31 2 BY[E A e N2, HE— D AR K Al 17 1 A B
MNTI TR B ARG T A5 B0 7 A E SR B AIE R (4010 K Eu I AL A BOBR E AR AR L 1] 3.
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e ARSI B &K (irisin) (02030, HEIM 5 R A 4e %8R A 11 B4 M & &
F 5 (FNDCSIRIE, SREWRMNM, 1EHTHREITHZL, oK R85 40 R ) & eA
KIAEEE A 1 (UCPHIIRIE,

Figure 3. Cold stimulation, exercise, and irisin promoting the browning of beige adipose tissue [41]
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T N R MR IR PR A, K I 07 L Sh A Wl AR oK . K B E i Can ) 1y 32 ik
J, A IR T (s IR RD) SR AR 3, IR 3 i s (' ol yad o 79 g O AL 4 4 5 AR . AR B (o
FRAE bk BB AR B 7 IR RR A, RIS ) €0 77 2 A DA DR B B i s AR IR A I £
TR R T AL RE I R B IR sl . A, AREACK ORI A ZUET RS & SRR, &
oI BT RER e = FP& MRS, IR 1R AL RO SRS R SR BT R &R o IR
At B SOK BRI AR T S el 2 ERAE RS, sl e ibfr . 7 #EFe b T 81k
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