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The prevalence of obesity is increasing worldwide, and since obesity is associated with dietary factors
and sedentary lifestyles, it is a disease that is readily developing in the modern population. Because
obesity is accompanied by serious complications such as diabetes and cardiovascular disease, pre-
vention and treatment are important. Currently, drugs such as liraglutide and phentermine are used
to treat obesity by suppressing appetite and inducing gastrointestinal motility delay. However, various
side effects may occur, including thyroid cancer, cardiovascular problems, and central nervous system
disorders. Therefore, to explore an obesity treatment method with relatively few side effects, a method
known as “fat browning” was introduced to change white adipose tissue into brown adipose tissue
to increase energy consumption. Ongoing studies are attempting to find effective natural substances
to safely induce browning. Many natural substances have been identified. The induction of browning
by treatment with natural substances generally involves three mechanisms: positive control of brown-
ing-inducing factors, inhibition of differentiation into white adipose tissue, and the activation of mech-
anisms related to browning. In this study, we describe plant extracts with known browning-inducing
effects, such as strawberry, black raspberry, cinnamomum cassia, and Ecklonia stolonifera extracts. We al-
so summarize the underlying mechanisms of action identified thus far, including the signaling path-
way mediated by these extracts to induce browning. Furthermore, the effects of brown adipose tissue
generated through browning on heart disease as an endocrine organ disruptor are discussed.
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Fig. 1. Factors to upregulate “Browning”. PRDM16, PR domain
containing 16; UCP-1, Uncoupling protein 1, AMPK,
AMP-activated protein kinase; FOXP1, Forkhead box
protein P1; ANP, Atrial natriuretic peptide; Irisin;
Apigenin.
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Table 1. Positive effect of natural products on fat browning in cultured cells

Scientific name Solvent Cultured cell Activity Ref.
Strawberry Methanol/MilliQ AMPK/SIRT1 pathway
(Fragaria x ananassa  water/Formic acid ~ 3T3-L1 - Increased expression of PDK4, UCP-1 [10]

cv. Romina) (80:20:0.1 v/v)

- Decreased expression of PPARy, C/CBPa

Human mesenchymal
stemcells (hMSC)

Inhibition of fat droplet accumulation during

white adipocyte differentiation (2]

Black raspberry water

3T3-L1

B3-AR pathway, AMPK signaling
- Increased expression of UCP-1 [29]
- Decreased expression of PPARy, C/CBPa

Cinnamomum cassia  Ethanol 3T3-L1

AMPK/SIRT1 pathway
- Increased expression of PGC-1a, PRDM16 [24]
- Increased expression of AMPK, SIRT1

Ecklonia stolonifera Ethanol 3T3-L1

PPARy mediated pathway
- Increased expression of CPT1, PRDM16, [18]
UCP-1

Primary cell

Green tea water (SWAT)

AMPK pathway

- Increased expression of BMP7, FGF21, 3]
PGC-1a, CIDEA

- Decreased expression of TLE3

Ganoderma tsugae Ethanol 3T3-L1

Enhance mitochondrial remodeling, oxidative
metabolism, redox modification [35]
- Increased intracellular NADH/NAD" ratio

Grape pomace Ethanol 3T3-L1

FNDC5/irisin pathway, AMPK pathway

- Increased expression of PGC-1a, PRDM16,
UCP-1

- Enhance Irisin plasma level

(22]

Immature Citrus
reticulata

Primary cell

Water (WAT)

B3-AR, PKA, p38 MAPK
- Increased expression of PRDM16, Tmem?26, [6]
CD137, CIDEA

Purple sweet potato  Ethanol 3T3-L1

PPARy mediated pathway

- Increased expression of UCP-1, PGC-1a (23]

3T3-L1

Ethanol C3H10T1/2

Spirulina maxima

AMPK pathway

- Increased expression of PRDM16, PGC-1a,
UCP-1

- Decreased expression of C/EBPa, PPARy

(33]

Black raspberry F&%& A& 94 313-L1o] Al A3
A A HE AL A PPARyﬁ} C/EBPa %8 & A3}
o WA 29 A £ Brownings %3k UCP-1 w7l & &
A& 243471t Human mesenchymal stemcells (hMSC)
of A F AT AP £33 ¢ AZ W A F3
g %7].8]- ﬁy,} H“Aﬂ;{]lﬂ-,ﬂ]d_/] _,_g}, Eo} 1.=\: «]fﬁ?_i

AFE) HAE RIAT FUHE o) FEEO AFB
W 9 4 el A Browning #3481 3ThE 21€ ek

oH29].

2 9 2 Cinnamomum cassia =592 7% 3T3-L19] A
g 27 54 € 99 §44<20 UCP-19 PGC1aE ¢33}
e 3429 PPARgclast PRDM16S 48 AT, =

DAl pAMPK, SIRT1S] WHd-& 2
SN stA R FEE 200 ng/mls
Soléhx 4540 F A EREAG & A9 Goohn A
Ul ATP $F= 220 ols 24 AAZAA 43 &

2 ATP A4tsbs 4254 dee AR
o}H24].

Ecklonia stolonifera®] 7 ¢ vlt7bA 2 &
Carnitine palmitoyltransferase 1 (CPT), PR domain-contain-
ing 16 (PRDM16), UCP-1¢] &S gt 24 A x2
of Al oo WEH= FelAAe AHgstE CPTI
g7 127) o4l 1“41] ks MEZC ol Add
o o) A4k obd CoAdl stol=54d 7o 7hUd e 2%
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NAFE FA4& SAste] AgAate] dste] a3 98&
stk & @A @9l A CPT1, PRDM16, UCP-19] 23 & =4
3t} Western blot 4 & 3% 23 3¢ FE2E52 ZE

Green tea FZ &2 o] A Az A4 FF& WA=
FGF21, PGC-1a# UCP-1¥ Upregulate/] 7] 12 TCF21E Down-
regulateAl 7] & BMP79] & F7HA 2T PGC-1a9] 2@
o] Z7istd H4¢EA<Q PPARyY HEFEsA Ha,
Browning %%l ¥ ## 9l UCP-1, CPT1, CIDEAY] @& &
7M. w3, 2 A EA S #-9-3t= PRDM169] ¢
A A TLE-3¢] ¥8 & Downregulated ©. 24 Browningol
714ttt AT T 5 polo o3 UCP-1 @il o) wd g
Aol gle Ao E el A7t 5 oEH A g2 A
S ¢ g doy oo td ATE FAHA LUTH3]
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A8 LF 28 A8 $ PPARyY 28 %% 45337

Fig. 2. Pathway activated by extracts that increase “WAT browning”. AMPK/SIRT1 Pathway, AMP-activated protein kinase/SIRT1
pathway; PPARy mediated pathway, Peroxisome proliferator-activated receptor gamma mediated pathway; FNDC5/irisin
pathway, Fibronectin type III domain-containing protein 5/irisin pathway; B3-AR pathway, beta3-adrenoceptor pathway;

Mitochondrial remodeling.
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