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Panax Ginseng: A Promising Ally in Enhancing Non-Shivering Thermogenesis and
Mitochondrial Function in Animal Models (A Systematic Review and Meta-Analysis)
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Abstract

Obesity is the cause of many diseases, and its severity continues to increase. Promoting non-shivering thermogenesis is
attracting attention as a new treatment strategy for obesity. This study summarized the studies that evaluated the effect of Panax
ginseng on promoting non-shivering thermogenesis in animal models. A total of 7 studies were included according to the
selection criteria, of which five were judged to have a high risk of bias. Indicators of UCP1 mRNA, UCP1 protein, and PGC-
lo. were used in the meta-analysis, and the certainty of evidence progressed for each indicator, with UCP1 protein showing
the highest certainty of evidence. Meta-analysis was conducted on 5 works of literature with standard indicators. As a result of
meta-analysis, UCP1 protein level and PGC-1ao mRNA level were significantly increased statistically. In addition, the protein
levels of PRDM16 and TFAM increased in several studies (not a meta-analysis). These findings suggest that Panax ginseng
could be a potential therapeutic agent for obesity. However, further research is needed to understand its mechanisms and
possible side effects fully. Thus, it is concluded that Panax ginseng in animal models can promote non-shivering thermogenesis
and improve mitochondria function in animal models, opening up new avenues for research and potential clinical applications.
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Hlgre] ZEAel 1912) oA AFsh avle] BEEE
MAsH= Ao] ZQ 3 tHLoh et al, 2017 Rivera & Chowen,
2019; Miiller et al., 2022). B9 2 tjA}ASEe] I T2 9l

oz AA EAAM ] mEZEgo} 71557t Atk v

ETsols 118 AR BAHE AxilBow o
WA tiAlsk AE el Heln, AwAle) Rah

AAyAdeh F8 71%5ol= Fasltk Mitochondrial DNA
(mDNA) 3} vEEEeol Aol §44 24 4%
o] mkE Asoldl Bl HWl Fololx &3 dHETt
= Zlo] 8154 tiPietildinen et al., 2008; Boudina & Graham,
2014; Zheng et al.,, 2023). whzbA] B|= g &Y (non-shivering
thermogenesis)S £33t o|x] AH]o] X137} nEZ=g|o}
A& (mitochondrial biogenesis) ¥ W EFE=g|o} 7|5 4
o] H|gF & A} A Asle] xEAo T FHAS wg)
THHeinonen et al., 2020; Zhong et al., 2024).

ArzAL 7153 el uha)l w =z 8z 2] (white
adipose tissue, WAT)z} 7= vl 2] (brown adipose tissue,
BAD) S 2y WAz ExjgeAziel= FE= o



146 LA - o] B - ARl - A -
UAIE woll A, 2 RS vEZEL}
& &3l @ FEH= xS &v]ShriLizeano, 2019). WA
Az ARz b 544 Yeil= HolA
A|W2%|(beige adipose tissue) @132 A}=5 Fa WA
Wz2]e] browning Y& A AR S] DB ®
IS 2 Ak ols MR A AT
e T dds Adgrdeln vEZEote] 2
= KR

5 37PIA BAANRN) 548

v (Lettieri-Barbato, 2019), ¥-f5%9] 74 ZAA %
A dofyit). G B 8 Tl F shuhel uncoupling
protein 1 (UCP1)& 22 ZhAlx|ulz o] 4] 300, njEe
2o} utel] EiahT FioleS A7seHd ol me
v} /1R uIe Ry vETEel B
AUAE = W71t Coulson et al., 2021; Sanders et al.,
2021). webd WA e Bed Moz WSk vy
2 AL A dee vjdy IS FE 228 oY
A2 2H|3ro2M FAE 2= 9ITHLI et al, 2019).

o1 sHPanax ginseng)S- 52K Araliaceae)ol) <38}+= T}
WA ZEAEE Folrol, TYotrof Br Hoo X
3tk &9 Panave TE|20)2 BE AWS ARV E
5e] whH-EA] oKpanacea)oll A e H ATk 14 Q@ Al
THEEAS, ArEEAE AAZeH, =, S 2
opAlo} FTIIN FHE Eg 717 AAAR AL
$ICHNam et al., 2005; Im, 2020; Yu et al., 2024). Panax
se 17502 TAHY o, /54 AE 2 0%
Fo A1 o] AHgEE FO 2 Panax ginseng (14D,
Panax notoginseng (A%}, Panax quinquefolius (31714 =
©] SltiMohanan et al, 2018). ¢14te] F8 SAJAE 7
Al =Abe] E(ginsenoside)= 3F8FF20] Wt 11004 o] e
2 EFEtiLing et al, 2024). et oz} <4tol= ALE
H(saponin), *|H}xKfatty acids), TFg-F(polysaccharides), v
2 2 (mineral oily) 5 The AeiEHd Tzl EE
o] SITKShi et al, 2019). o]2]gk ThFet A2 THA| o)
o3k 14te] atst, EA Al o E At S E e
(Kim et al., 2011; Zhu et al., 2018) <14} ¥ig]o)] T}k &5}
£ A A =AFe] =21 malonyl ginsenoside: AW} 0]
9} streptozotocin © & el A| 28 T o] FEITS
AR ed MRS NAAA P T 9
Z)JtHLiu et al, 2013). =3k A3YAFol] = <14t B
FE52 LPS7F A E]H RAW 264.7 A|2j|A] A3 Aol
E7}elel IL-6, IL-1B2] mRNA 58 A7) p622] <l
N81E Z7MIA avophagy B FrERORA PAF At
9lhe o] ¥aiHri(Yang et al, 2022).
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A A A 372 Q)] National Evidence-based healthcare
Collaborating Agency (NECA)2] ] of wla} 342 (PICO;
participants, intervention, comparison, outcome)S- 7 3} Tk
AT Qo] HEd SAlS WUk sER Y,
mouse)S TIFO R silom =, Ad Fole ATdHS F
A FATE FAE S dYEAE HFH s WY X
etk A AAle ST RS vt sEA
A A= Aty dae vdd a2 Rl
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=19l 73 Ao 2= PubMed, EMBASE, Cochrane, Web
of Sciences ©]g3t o, U Fd Ao 2= gh=g}
=4 H(KISS), KoreaMedE ©]-&33it}. AM-E FAol=
‘Panax ginseng’ [MeSH Terms], ‘Ginsenosides’ [MeSH Terms]
& Xeles AASITE w3 A Ikl 2024 49
129 71&o 2 1o, 20109 1€ 145E 202444 397}
A EhE 23E A FSAT AAA B 23 A
A 712 D) QA #gk A 2) HEY Gl sk
A 3) T (in vivo)ell A3 AFE Sk wijAl 71
& 1) Panax ginsengo] obd th& £18¢] ¢latel] #gk A
2 A9 2) A = AAALe| =9} ThE BES B F
A A7 AT, ) AES FAF £ Y A% 4) oIF
AR B1E 5ol wAsteTh B Aol #a )
ARE olF AAH BAzHe] 1 L 290 At
77t 5YH o ANegor ojzde] AAHA W A
A 33pe] S| AL ueslel A% ARSATE 13 £A A,
2 22, 34 ARS HIT F BE 7|30 Tt
#Re A% A4k 24 WAsh 5 A7 Micosof

Excel 2 AF8-3}31 T
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o

HIZE 918 HIHKrisk of bias)

HRE THe BAS BEAT WSY 99 Wb £
¢] SYRCLE (SYstematic Review Center for Laboratory animal
Experimentation)©] risk of bias toolZS AMg3}9itk H7} 3
2o HEZ9l A <=A(random sequence generation), &
o] 71# A}el(baseline characteristics), B]7 29| (allocation
concealment), F-Z+¢] 7]5(random housing), A2} =714
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(blinding), F-2+¢] A3} % 7Hrandom outcome assessment), 7}
A} =7 F(blinding of outcome assessment), S 3F A 22} 5
(incomplete outcome data), X892 A3} 1 J(selective reporting),
1 9] H]%Y(other bias), AHFA H3Koverall bias)0 2 & 11
7] ES Hrlelslek 918 Bt Adke a(low risk),
‘X 9-(some concerns)’, ‘F-S(high risk)’ 0 2 HE-F35}ATh
271 47 Bt

HEREA Axte] #7] 4l2]=% GRADE pro GDT tool
(McMaster University and Evidence Prime Inc., Hamilton, ON,
Canada)& ARE-&te] BIEE 9](risk of bias), WA
(inconsistency), H] 27 A](indirectness), ||~ & A](imprecision),
1 2] I AleHothers) 0.2 =3 H]EE(publication bias)S-
JEste] F S7HA] Ve R Hrteldith ST VIS B
5 D] 2AGE B A AT BrlEgen], 27
ol e A9 sk WIS AAH 2A SE 5

T ‘=S(high), HE(moderate)’, “SF(low), ‘|- S g
(very low)' 0.2 G 49HAI 2 FHIATE
HIEFE A

HEHE2]of|+= Cocharne®] Review Manager (RevMan) Web

EEug) E_/\-l)\]- =0 o]zl/\éo] 3)\

< ARt U e
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wste] WHEg 72 F(random effect model)S AR5 0.1,
SR SHETE ST 490 AgEE A7ARE B

At THel2 EFseh, FFslE Wt AKstandardized mean

difference, SMD)9} 95% A1Z]+7Hconfidence interval, CI)<-
ARR-EF T ek 2o ¥otE B35S Al sle] HelRE
A1 Al8jo] A A3R] Bekstr] $)8) Higginel I 534 A
A3 ZrelAl AR Q TAFS ol&dte o]FA AHS
AW B A7) HF AQH TR B F 2
3}z ARUSE Bt BAo] TFsd
o g WEREAS Aldsisith Aawr 5 HEd o
o] A3#<1 UCP13} PGC-loio] mRNAS} T =50
AEZ ANE BEL PRt} oo ek 2
o g3tk Q FAUL A5 EAHoIA p<005el
Ak AR fol8 Aoz Bsdrk
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HHHE]C;}Q{Fl ). EA74 73}, PubMed 6,69671,
EMBASE 3,6157, Cochrane 21871, Web of Science 8,488
A, KISS 4867, KoreaMed 143740] A= Q] © 1, Microsoft

Records after duplicates removed (n = 13,784)

Records excluded after title screening (n = 13,731)

Records excluded after abstract screening (n = 42)

S
Records identified from the
g following databases:
= PubMed (n = 6,696)
§ EMBASE (n = 3,615) >
3 Cochrane (n =218)
é Web of Science (n = 8,488)
- KISS (n = 486)
KoreaMed (n= 143)
—
M
o >
£
3
S \d
n
Full-text records screened for
eligibility
(n=11)
—
A\
)
°
S
3 Full-text eligible records (n = 7)
H
| S

Records excluded after Full-text screening with reasons
(n=4);

Full-text not available (n=1)
Not related to non-shivering thermogenesis (n = 2)
Not in vivo (n=1)

Fig. 1. Flow diagram of the systematic review and meta-analysis process.
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Table 1. Characteristics of the 7 selected works of studies

- A5 -

ol8ts - 37 - ol -

Authors Age Weight

Concentration

Experimental

NO (yr) Animal Sex Wk (@) N Duration (mg/kg) aroups Results
1 Chen B6” M 5 1820 10 12wk L: 125 CON (LFD?)  Significantly decreased
(2017) H: 500 HFD? - Serum: FFA?Y, TC?, TG”, LDL-C?, glucose,
HFD+SLG" (L) leptin, insulin
HFD+SLG (H) - Liver: PPARy”, FAS'”, CD36'", FATP2'"”
LFD+SLG (L) - Adipose tissue (mMRNA): PPARy, aP2", leptin
LFD+SLG (H) - Body weight, food efficiency ratio, adipose
tissue mass, adipocyte size
Significantly increased
- Serum: HDL'?
- Liver: CPT-1"", UCP-2'?, PPARa'”, HSL'?,
ATGL"
- Adipose tissue: PPARo, PGC-1a™”, UCP-1,
UCP-3
2 Cho SD M 6 - 8 4wk 200 CON No significantly
(2017)  rats® (normal saline) - Body temperature, Blood pressure
WG» - IL-6*, iNOS?”, nitrite (Serum)
SG-3% - PGC-1a,, UCP-1 (mRNA)
SG-6
SG-9”
3 Hong B6 M 8 40 6 10days 40 chow Significantly decreased
(2019) (HFD) chow+Rb2 - iIWAT®, eWAT”, BAT*”
HFD - Adipocytes sizes
HFD+Rb2
Significantly increased
- UCP-1, PGC-1a, p-AMPK®" (iWAT, BAT)
- O, consumption, CO, production rate, whole-
body energy expenditure
4  Lim B6, M 6 - 5 6wk 10 wT? Significantly decreased
(2019) db/db db/db - iWAT, Fat mass, lipid droplets
mice db/db+Rb1
Significantly increased
- iWAT (mRNA): pAMPKa, ATGL, UCP-1
No significantly
- Body weight, eWAT, BAT, Liver tissue weight
5 Lv B6, M 3 - 6 8wk 10 ob/ob Significantly decreased
(2023)  ob/ob PD¥ (10 mg) - Body weight, fat ratio
mice PD+f2 - Serum: TG, TC, LDL-C
receptor - AUC™ of blood glucose, fasting blood
inhibitor glucose, Volume and diameter of adipocytes
(1 mg)
Significantly increased
- PRDM16*, UCP-1, PGC-1a, TFAM™,
P-CREB*, NRF1*® (mRNA, protein)
ExcelZ S5 AAF & £ +5 F 13784030tk A HISE 9/ "ot
g 71z wet £ A5 25 AEE T 13,773719] W FAES] AT Al g AAH 7S HSH]

3ol wiAlE AT A& HES = 21 = 9l
© A7 124, v GilF Bdol fle AT 274, in vivo
7h obd A 1710] miAlE AT o]F FE HFTHoRE F
77494 o] A=, HFE A3

QoFsI tHTable 1). o] 3 v]%E 93
-137}0}»/\‘:}«

sl HEE 99 "7 AASItHFig 2). 72 uid
$=A{(random sequence generation) &HZ-2 Chen et al. (2017),
Lim et al. (2019), Yao et al. (2020), Z2&]3. Lv et al. (2023)
o] A7t HIEE 97 ‘P o R HriElen, Cho et al.
(2017), Hong et al. (2019), 2] 37 Meng et al. (2023)2] -
© W78 Aol BE Aol glo] HIEY S dF el
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Table 1. Continued
NO Authors Animal Sex Age Weight N Duration Concentration  Experimental Results
o) wk) (@ (mg/kg) groups
6  Meng B6, M - 20+2 5-8 Swk - CON Significantly decreased
(2023)  ob/ob 2542 ob/ob - Adiposity, Fat mass (iWAT, gWAT"”)
mice ob/ob+vehicle - Fasting Blood glucose, serum insulin
(DMSO™) - Serum: TG, NEFA*)
ob/ob+F1 - Fat synthesis factors
Significantly increased
- Lean mass
- O, consumption, CO, production rates, whole-
body energy
- iWAT, gWAT : UCP-1, Cidea*”, PGC-1a,
PRDM16 (mRNA)
- Mitochondrial content, mtDNA content
7  Yao SPF®, M 8 40 10 23 days 15 CON (PBS*))  Significantly decreased
(2020)  B6 (HFD) Rd - Body weight, adipose tissues (volume, weight)
- Mitochondrial biogenesis (MRNA)
- Lipogenesis (mMRNA)

- Serum: TG, LDL-C

Significantly increased
- PPARq, UCP1, Dio2® (mRNA)

YB6: C57BL/6] mice, *LED: low fat diet, ’HFD: high fat diet, ?SLG: stems and leaves of Panax ginseng, FFA: free fatty acids, ®TC: total
cholesterol, ”TG: triacylglycerol, "LDL-C: low-density lipoprotein cholesterol, ”PPARy: peroxisome proliferator-activated receptor gamma,
'9FAS: fatty acid synthase, '"CD36: cluster of differentiation 36, '”FATP2: fatty acid transport protein 2, '¥aP2: adipocyte protein 2, "’HDL:
high-density lipoprotein, ’CPT-1: carnitine palmitoyltransferase-1, '"UCP: uncoupling protein, ”PPARa.: peroxisome proliferator-activated
receptor alpha, ""HSL: hormone-sensitive lipase, '”ATGL: adipose triglyceride lipase, *’PGC-1a.: peroxisome proliferator-activated receptor
gamma coactivator 1-alpha, >SD rats: sprague-dawley rats, “’WG: white ginseng, ’SG-3: 3h-steamed ginseng, *"SG-6: 6h-steamed ginseng,
*8G-9: 9h-steamed ginseng, *”IL-6: interleukin-6, *’iNOS: inducible nitric oxide synthase, **iWAT: inguinal white adipose tissue, *’eWAT:

epididymal white adipose tissue, *”BAT: brown adipose tissue, *’p-AMPK: phosphorylated AMP-activated protein kinase, **WT: wild type,

33)

PD: panaxadiol, *”AUC: area under curve, *’PRDM16: PR domain containing 16, **TFAM: transcription factor a mitochondrial, *”p-CREB:
phosphorylated cAMP response element-binding protein, *NRF1: nuclear respiratory factor 1, *’DMSO: dimethyl sulfoxide, “’gWAT: gonadal
white adipose tissue, *"NEFA: non-esterified fatty acids, “’Cidea: cell death-inducing dna fragmentation factor alpha-like effector a, “’SPF:
specific-pathogen free C57BL/6J mice, *’PBS: phosphate buffered saline, *’Dio2: type II iodothyronine deiodinase

2 Hryeidck &89 714 Ale(baseline characteristics) &
Eoj| A1 Chen et al. (2017) 2 Yao et al. (2020)E A9+
Ao AFeMs FES 714 el ek AFo] 7w
Aof HIER 97 AR SR Hrieision, 23S F
nde] A, Hx w54, 48 55 dFst] vEd 9
‘ooz Hrkatothk vl -2 (allocation concealment)

Zo 79 AT B uj A Solsh BEE e o
) glo} WEY 97 QR S Arjaeh w2
7FH(random housing) &=L in vivo o9t EA5}aL Z2F A
o] AAshs ko] $o] Hdste] HAE Al

FA BEAE Hrheke FHOE 2%, % F A4 @
738 A3 Chen et al. (2017), Cho et al. (2017), Hong et al.
(2019), 28] 3. Meng et al. (2023)¢] A= H|=g 93] ot
w02 Hrieiion, ol tiste] AFol UAH 37
A= HEE A G ' E Hrleklok AR =7
2(blinding), F2+9] Ax} ¥ 7Krandom outcome assessment),
3712} =7 (blinding of outcome assessment) 322 73
T 2% A Ugo] BEA SelEA o} NEY 9

[e2

- W
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@

o glo ot do m{l o% de g

Y YR = Frkekith B¢k 4 7k S (incomplete

% = o d¥EE =
ho et al. (2017) &
Lim et al. 2019+ H[%Ed ¢ ‘¥g'or Hrlsiiom,
glolgle] tek =07 Jtz]= Chen et al. (2017)9]
7 AAviet ng 7t ol apA|wk ofof] gk dFo] (1= Yao
et al. (2020)=} Lv et al. (2023)2] AL, n=9] WO/} &
Meng et al. (2023)¢] A= H)EE 98 ‘=
Gtk AelA Zabr Ji(selective reporting) 3}
T AE A3 Aol dEs B EFES BT R
gk e g wdEe] HiEY 99 ‘W o R Hrlsiith
71 9] H]EF(other bias) 3}-& Chen et al. (2017), Cho et al.
(2017), 28] 3. Hong et al. (2019)2] AA7= 1 9] v]%EY o
o] EAGTT B oledg] ‘AR SR Hrlak
o, Lim et al. (2019), Yao et al. (2020), Lv et al. (2023),
23 Meng et al. 2023)¢] AolNE 2t Agulth FEE
9 EE ZAel Aold Ao Bus] HEY 919
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@ lowrisk
? some concerns

@ highrisk

) [ Allocation concealment (selection bias)

) | Blinding (performance bias)

*N) | Random outcome assessment (detection bias)

) | Blinding of outcome assessment (detection bias)

-~ . Random sequence generation (selection bias)

-~ . Baseline characteristics (selection bias)

-~ . ‘ . Random housing (performance bias)

0 8

& 3

Q =

g 5

5 8

Chen (2017) 2 @
Cho (2017) ? D @ 2|2
Hong (2019) | 2 | 2 | 2 21?2 |? ?20?
Lim(2019) (@[ 2 | ? D ©® @ oo
w2 (@ 222|222 ® e

Meng(2023) |2 |2 |2 |@®|2 |2 |72 o0
Yoo (2020 | @ @B 2?2 (2|22 |2 ® o0

-~
. . . . ) . . Incomplete outcome data (attrition bias)
. ‘ . . ‘ . . Selective reporting (reporting bias)

Fig. 2. Risk of bias assessment in the systematic review of Panax ginseng for non-shivering thermogenesis.

¢l H &K overall bias)
Hong et al. (2019)9] A& A| 2|3 SHO A7} H]

3RS w73k A3 Cho et al. (2017)9}F

@ w0 Bl

204 #F ot

o

2 Sz s

HEREY Al ol

e

<]

| A3 dis) A

A THTable 2). WAL o)A Aol w}a} 77}

gom, MARAL T 277 APl v
o2 P MPRY LS 95% A2TIH0% D

]L‘ 0516‘]:

3l BrrENen o o] veAkeke 3 BiE el o) ¥
7 &9 RlEEe A E9E W fovs 4
IE veille A7F 234 @2 AR 29E Tt
dol ¥ =7] wjzol #HFo] oprjd & AFES ongitt
(Begg & Berlin, 1988). Znk#] 2AFES H7ish A%
UCP1 mRNA (Chen et al, 2017; Hong et al., 2019; Meng et
al, 2023)9] ZAFES W WE'eg HrhE ik UCPL
Tl E(Lim et al, 2019; Lv et al., 2023; Meng et al., 2023)2]
ZAFEL ‘H2' o7 H7HETE PGC-lao mRNA (Chen et

Table 2. The certainty of the evidence of ginseng for non-shivering thermogenesis

Study

Certainty assessment

. . . . . The certainty
Risk of bias Inconsistency Indirectness Imprecision Others .
of the evidence
UCP1 mRNA
(compared with serious serious not serious very serious strong ®OO]O
negative control) association Very low
UCP1 protein very stron, DDDD
(compared with very serious not serious not serious not serious Ty strong .
negative control) association High
PGC-1oo mRNA
(compared with very serious not serious not serious not serious strong SOBO
association Moderate

negative control)
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al,, 2017; Hong et al,, 2019; Meng et al,, 2023)2] ZAFFS
‘HE 0T HIIE AT

ol EF2
WEREY MRSl A4S Bk oldd AEe A%,
3%

1] 9lo) wek siAle] ek ieF o 025%3l
‘o)A e, 25-50%9 A F7 FES o] Aol UL,
50-75%21 749 g oldAe] UL, % o4l A
“E& o]@o] 918 S vl geHCochrane tmaining, 2022). Q
SAge 24 Avsd FA AW 25 A EAFEA
2HE Qui e "ol UEAE AYsH ol I
nrh A9 Fol MPH SAol Y] WEA e AP
2 74 % drks e Teiste] p0102) A% A7t B
AR O R FoIF 2O R HIeeHKang, 2015).

UCP1

slEEEelol Yujo) $1X5 UCPLe ZAXgzse] 5

3l #3015, uncoupling F3+E 13} browninge] 7} 2]
0|31 =83 wj7fA| o] thXiong et al., 2021). UCP1-& &+
Zo] F=ste] WA BkEA] 2 et
Aol M= vl AdejolARKLI & Fromme, 2022), 3
2 9 2Ed2 5o AYA 452 W F9 pojs

el =87 (B-adrenergic receptor, B-AR) 2 &}F A5 A
g Azst E30d0) B4 WA ek olF nEZ=elo}
gt kede) PR 2L Ads ok xegs
Ageld fEE BE 7)Ao olaAge Ao B
7HA1 21t Okamatsu-Ogura et al., 2020; Mills et al., 2022). 4
Hz7o] Agwvit AolapA A4 WeEAoIN A
2]4 Yao et al. (2020) Aol wh=H H]gko] F=H FHA
o] 2H(ginsenoside Rd)S- Fo5}31S wf UCP12] mRNA 4~
o] Z7PF d2oMe o4 AAE A kARt
XC %, #9l9] =272 wi UCPIS] mRNA F3o] o
Zt3t Hlaste] o suf A S 2SItk UCPI
o ARG Ao AE tEEE el A £5Y
& 2N GARS Q17 Wk olje} Wey HEE
% A2 ERFOME IRiEe] S do| A=
o M= F23k 93 StriJastroch et al, 2005; Lidell et
al., 2013; Oelkrug et al, 2014). o]2} FHHH AsyAtef w}
29, UCPIo] A¥d vh-Loa A4 nEd
Egjol= XA A (reactive oxygen species, ROS) %= 7]
sAlel B Mzkely B o] 2aEe] AEA
I AAE A HAARE - JFE vRIvk=s Aol B
¥ tHKazak et al, 2017). wEFEA]2 X135 SH] &
3 5 33e] FdoA FAEe] UCPI mRNA o] 34
2wt vlaLste] FAA R fFolsiA] e, 4 4
T 9] 0]AAS JERNATHSMD = L11; 95% CI: -0.21~2.43;
p= 010, I’ = 47%) (Fig. 3A). ¥h, 37| Ealo|A ZxA)
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9] UCP1 whild 32 SR Haste] SA%
o7 foeA =ten, o]dAS Je AR FIskA
THSMD = 1.26; 95% CI: 0.46-2.07; p= 0.002, I* = 0%) (Fig.
3B). Meng et al. (2023)] {#31> UCP1¢] mRNA 3! thaz]

FEo| ZF S 7 o] 240l ¥ g

=]

PGC-1a

Peroxisome proliferator-activated receptor gamma coactivator
l-alpha (PGC-lo)= WEZE=]oF A9 B Al oA st
o] Fo AL FEEYAEA, Eohd AAAEA E(brown
adipocyte) B! Wl o] XX XAl| 3 (beige adipocyte)ollA] TR
Artzdziel Fozrgete] I A2 S 24
skt S4#Q 9ES ghriInagaki et al, 2016). PGC-la
+ UCPl =% DNA Q4 AgE peroxisome proliferator-
activated receptor gamma (PPARy) 2 74 21 484
(thyroid hormone receptor)?} 7+e- 3 812 3% A
stste] UCP1 frdzte] AArkE 2/dstA|7iviLidell et al,
2014). A3ATol| w2, PGC-lao] that AH o]zl
715e] AA"E HEFAAE 2= vhe-2ellA AW PGC-la
o] &AL JepAlA mEZE=eo}, A4 4kst B d
A FAA BEE deAT]e AeR BAE A tHKleiner
et al, 2012). PGC-la7} A|AE u}g-2~of &) PGC-1a7} 2+
AAAE 5je] BAH SRl Bash) A 24
AupAEe] B3 B9 vERECjol 49 715e] g
Aeia7lel QuAl §214 waEslE PGC-lazt BaAol
= Zlo] WA tHUldry et al, 2006). =31 PGC-laz} 2
B w9t S0 g wolsele] 2 gaslel A
ALZOR AT 5 gom, At B8 8 nERs)
o} 750l Tefshs BE f07He] mRNA 0] vrobz]
(Lin et al, 2004). Lv et al. (2023)2] Ao x= AR HFA 0]
2 FoIg vpo-2o} vjwste] QAHPD)S Folat vlgre]
AN PGC-las] ol s3] o402 Z7hel
Ak wEREA A3, 53] £3 F 3H 9] A SR
©] PGC-loo mRNA 0] S/dth a3t BlaLste] §71 4 &
2 el =akem, o]d o] SSItHSMD = 0.98; 95%
CL 0.06-1.89; p= 0.04; I” = 9%) (Fig. 3C).

HEHEY 23S TFHoE Frleids W, sER
A1 14kl 2]gk UCP1] mRNA =52 {2143l 57}
ZE)A) ik skx|vk UCP1e] whld o §o
2 Z7tek e, PGC-1a9] mRNA FF5 ol o
Ftehe AsHE vehith Hebd <yl vEy 2w
d AxEe] HS SV vkal AdEh vl
A 7S S5 Fal viERE ol = AL HAA T 1]
3 iAo #odsl= <1xQ1 PR domain containing 16
(PRDM16)3} m|EFZE=g|o} 7]50] #o]dl= mitochondrial
transcription factor A (TFAM)9] ©hilz 2l mRNA 59 &
oH9l F7b7 Q3 Eel waHh
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Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen (2017) 1.59 0.155885 3 0.45 0.103923 3 3.6% 6.88 [0.05, 13.72] -
Hong (2019) 2.8 1.700974 6 1 0.607491 6 44.1% 1.30 [0.00, 2.60]
Meng (2023) 1.7 0.825638 5 1 1.301037 15 52.3% 0.55[-0.48 , 1.58]) :
Total (95% CI) 14 24 100.0% 1.11[-0.21, 2.43)
Heterogeneity: Tau? = 0.60; Chi? = 3.74, df = 2 (P = 0.15); I = 47%
Test for overall effect: Z = 1.64 (P = 0.10)

Test for subgroup differences: Not applicable

(B)

100 -50 0 50 100

Favours [experimental] Favours [control]

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Lim (2019) 2.9 1.408441 5 1 0.485669 5 27.5% 1.63[0.09, 3.17]
Lv (2019) 1.86 1.772381 6 0.7 0.667025 6 45.6% 0.80 [-0.40, 2.00]
Meng (2023) 1.28 0.134164 5 0.86 0.290689 5 26.9% 1.68[0.12, 3.23)
Total (95% CI) 16 16 100.0% 1.26 [0.46 , 2.07]

Heterogeneity: Tau? = 0.00; Chi = 1.06, df = 2 (P = 0.59); I = 0%
Test for overall effect: Z = 3.06 (P = 0.002)
Test for subgroup differences: Not applicable

©)

-100  -50 0 50 100
Favours [experimental] Favours [control]

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Chen (2017) 0.98 0.207846 3 0.55 0.121244 3 126% 2.02[-0.50, 4.55)
Hong (2019) 3.2 1.943971 6 1 0.607491 6 41.5% 1.41[0.09, 2.73)
Meng (2023) 1.7 1.36913 5 1.3 1.046982 5 459% 0.30 [-0.95, 1.55)
Total (95% CI) 14 14 100.0% 0.98 [0.06 , 1.89]

Heterogeneity: Tau? = 0.07; Chi? = 2.20, df = 2 (P = 0.33); I’ = 9%
Test for overall effect: Z = 2.10 (P = 0.04)
Test for subgroup differences: Not applicable

100 50 0 50 100
Favours [experimental] Favours [control]

Fig. 3. Forest plots and meta-analysis of studies evaluating indicators of promoted non-shivering thermogenesis by Panax
ginseng in animal models. (A) Meta-analysis results for UCP1 mRNA, (B) for UCP1 protein, and (C) for PGC-1ao mRNA.

24 2 ol AMAE 24 2 BRI Faw =
=}l PRDMI16 (Hussain et al, 2020)2 CCAAT/enhancer-
binding protein beta (CEBP), PPARy, peroxisome proliferator-
activated receptor alpha (PPARa) 2 PGC-lao) Aslal o] &
FTEadste] ZAAPAL Sol2el fA7 £
3K Genchi et al., 2023). A3)ALol| A, AA|3E E3of &
kS 1|X = PPARy7} Ao ¢l AlE|olA PRDMI6
o 93] UCP13} PGC-las X3St o] A =24
AAFe] wks o] /-5 TKSeale et al, 2007). PRDM162] %]
W 5ol3 s A ol AAlxe] I8 7lE
S A a7, vhe-20 A e dF
FrAze] wEH M Ee] FZ o] F7FeFATHCohen et
al, 2014). Hong et al. (2019)°]] w}=2H fFo]&o|X]= ko
U QLRI FolF ol mRNA S5o] 71t 4
T LERIOP, Ly et al (023)] ATOIAE Q4HPD)
= AR oA aAYAolE FF ol sl FolF

= 5;(]

S = PRDMI69] whild J=5zo] Z7lgit) B3k Yao et al
(2020)¢] ArollA AGAOlE FoI wh-LolA] 15
&<t Y4Hginsenoside Rd)yS Foldile w) ZAA 22 o)A
PRDM162] mRNA <=0] thzata} Blalsto] #0202
Z7ksith A% A48 790 #A F 3AUe] BEL o
PRDM16°] £l 2 mRNA 4-0] 4H5ofol we} 57}
Bee s

TFAME mDNAS] FALE 047 HEZEeo} A%
e 27441710 TFAMo]| oJ3) 3718 mEZEe ok o
@ UCPIES A7 22 ksl #o] QltiJeremic
et al, 2017). mDNAE 23 DNA-ghiz Hshzo] Exj
sh= olF 7Id 9% DNA A=, nEFZEo} 75
mDNAS] FEZ o|E=o|th mDNA| eFgA fA: 7
2 mDNA 2] 9 AAl] B TEAMo| ofs) ul7jg
THZhao et al, 2021). PGC-la+= nuclear respiratory factor 1
(NRF1)ol] theh -5 273t 925 sto] TFAMe] 2dS
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=3t Tabuchi & Sul, 2021). TFAM 5434 A2 dghH
whe-222] ZFA X HEA SE3= human TFAM (hTFAM)S- 2}ake]
sto] Absta] Qlikstel mEE =0} 75 SHAITIM, Al
3z 9] 3L HH]E &;q o}cq 7]—)\]1;(]1:11—}\-”_11_% 1:-] ﬂxji}/\]
ZITHFujii et al, 2022). TFAMO] X} EolF A4S Zh=
nRo2e ka1 Qs 7l Aele) WA oA A
FAbE 2 9ze fusigon 2uAgELo] steb W
e E54do] A A TH Vemochet et al, 2014). & T2 A
Ao A EZA] Eo]d TFAM ZA¥ ufg2A7)
mtDNAZ 017 % AZPAEA §-xzpe] -] 7hAo) 7k
A7 o] 53548 EPH tHMasand et al., 2018). & ¢
T9] F&oAE Ly et al. (2023)9] A-7ellA AHPD)S =
ot ox TARAC|E Foldk 2o Hal felHoz
TFAM] @l 5e] S7kstieh

o] 9o & Wil #oldte type Il iodothyronine
deiodinase (Dio2)+= Yao et al. (2020)2] 2ol 4], cell death-
inducing DNA fragmentation factor alpha-like effector A (Cidea)
= Yao et al. (2020)2} Meng et al. (2023) 271 AFtolA =
AEAT LAl S FoATh “H’\Oﬂﬂ] 159 <k <l
ZHginsenoside Rd)S T3l 4°Col| =2A|H S w, thx
thH]ste] Dio2¢} Cidea®] mRNA ““‘40] Trvﬁ} | S7Fet
= AL Bt 290 w2HE B w
o FH &g s =W o uf, I T =<1 thyroxine
(T4)& 3,5,3-triiodothyronine (T3)o. 2 = 3:]'/\] 7]% iﬁ:‘ﬂ
Dio2E f-E3&le] AE
A stEtHYau & Yen, 2020). /ﬂ'ég AL Tﬂri‘:ﬂ, D1027}
&A™ A WA E 2319} UCPL, PGC-1a.9] w&o] 7hA
HE Aoz dra K tiHall et al, 2010). 3k Cideal= ="}
ABAA AL WD) Y3t S 2o, S
Ao A AME AVTES F st 7]%5S $tKSlayton et al.,
2019). €17} A)¥bA|3Z.2] browning &<t C1dea TE oEH
QWA o o] F AEE Fol AQ $olA o of
E=H, 3ol PPARye] UCP1 57 <12} Ag-S 7stsio
UCPl AAFE f-x3tcl(Jash et al, 2019). webr] 2 &%l
ZAA}1zFel UCPL, PGC-law Bt ofujz} PRDMI6, TFAM,
Dio2, Cideas} 7€ A\ 50| Q4ke] mEEE el 75
A 8 ulEY Qs Belo] I BEEAT olo] B
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