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Zanthoxylum schinifolium Siebold et Zuccarini, which belongs to the Rutaceae family, has been widely
used as a spice and medicinal herb in East Asian countries, such as Korea, China, and Japan. In
this study, we investigated the anti-obesity mechanism of the methanol extract from the leaves of
Z. schinifolium (MEZS). Using the 3T3-L1 pre-adipocyte model, our findings showed that MEZS
significantly inhibited adipocyte differentiation and fat formation induced by adipocyte differentiation
inducer in a dose-dependent manner. MEZS’ anti-obesity effects could be attributed to their ability
to block the expression of adipogenic transcription factors, including peroxisome proliferator-activated
receptor y, CCAAT/enhancer binding protein a (C/EBPa), and C/EBPp, and adipocyte-specific genes,
such as adipocyte-specific lipid binding protein, leptin, and fatty acid synthase. MEZS also attenuated
the activation of the phosphatidylinositide 3-kinase (PI3K)/Akt pathway, and when the PI3K/Akt path-
way was artificially blocked, the inhibitory effect of MEZS on adipocyte differentiation and fat for-
mation was further enhanced. Furthermore, MEZS blocked the generation of reactive oxygen species
in differentiated adipocytes, which was associated with the activation of the nuclear factor (eryth-
roid-derived 2)-like 2 (Nrf2) and induction of Nrf2 downstream proteins, such as heme oxygenase
1 and NAD(P)H quinone oxidoreductase 1. Although analysis of the physiologically active substances
contained in MEZS and validation in animal models are required, the results of this study suggest
that the extract of Z. schinifolium leaves has excellent potential as a food or pharmaceutical material
with anti-obesity effects.
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Fig. 1. MEZS suppresses adipogenesis and lipid content in 3T3-L1 adipocytes. (A) 3T3-L1 cells were cultured in media containing
various concentrations of MEZS for 72 hr, and cell viability was measured using the MTT assay. (B and C) Differentiation
of confluent 3T3-L1 cells was initiated using MDI and maintained in DMEM medium, containing 10% FBS in the absence
or presence of different concentrations of MEZS. After culturing for 8 days, cells were observed for morphology under
a phase contrast microscope (B), and fixed and stained with oil red-O, and the formation of lipid droplets was visualized

under a phase contrast microscope (C). (D) The triglyceride contents of cells were determined by oil red-O

staining

following treatment in the absence or presence of different concentrations of MEZS. Subsequent to dissolving the trigly-
ceride in isopropanol, the triglyceride contents were measured at 500 nm using a microplate reader. The data are expressed
as the mean + SD of three independent experiments (*p<0.05, vs. undifferentiated control; #p<0.05, vs. differentiated con-

trol).

AEEL Oz i FoHl 9A a7rt HFEA
RA T, 600 pg/mle] MEZS7} X8l 8 ZA A ik
AEZANME FHA ME AEE A dFo] Yergt
wpebA] MEZS7F 3T3-L1 AlZof A &3] 2 2 A4S
AAe=AE BrHekr] 917 MEZS®] F =& 500 pg/ml
oletZ M A3t

v 23stE Ao e} FARGE A A Z A A
WAz B3l e Al 2o o7 A d o] §
o] BEAo)7] W&o, ol AWM ER txAd 235
o mAZ AFRETH9, 21]. 3T3-L1 XA FAH EE MD
7F A" =AM AFHA AGAEZE B31E 7] w &
of Ay #d Aol 7 LS AHEEE 2Y
o|tH18, 36]. B ATNAE & FdH o] A& AMESt
Row, MDIE o] &3 A3 Wil F3he 3T3-L1 A
AFAEZE AFAEZZ B3N 7I1HA, o] #A-& MEZS
7 A = A=A E ZABIATH ol & 918t 3T3-L1

—
—

MEZE MDIV} A= AFHElolA Tt F=2 MEZS =
MDITF &= A gldte] 8Y &<t viFetaith. Fig. 1B %
Coll e 3T3-L1 AlZo] Fef Wl & 5 3Axel,
i A Zd Hl3le] MDI M2 £33V} =% Az
Al A - 2(lipid droplet)®] # =3 4SS = F AN
H, oil red-O GA& T3t E3lE A LA EoA A trigly-
ceride®] ¥ "¢ F7I8tA+S & 5 AATH(Fig. 1C
g 1D). 2y MEZS9] A F=7F S7HEE AlX
Ul A &9 A} triglyceride o] X2 % o
Aoz dASHA ittt ol Aie MEZS7H
3T3-L1 A FA 2N A ARAEZ] B35 AA 5}

< 9u|EtH, o] MEZS9| AlEZ =4 ot Z-2 of
UsS ¢ 4 Utk

=

;‘
k)

>

3T3-L1 MZOAM XILMZ 25 ! Xy =H 2IX|9|
a8l PISK/Akt &l59| g40f OJXl= MEZS2| H&



Z 42zl vke} o), AWAE B3 AGAE A
FAAL 1A} A A 2 Bo] fxaxte] HE FUHE FRkg
. 1%, C/EBPS} PPARyH 22 A A= A WAL
3 g A AR, 2o AEA 2] 28FS AAde)
AY FASE o #EE fHAe] 48 s A =
Az A 23t 53], AgAl £ £35S PPARy
9 C/EBPa?] 3 &S wj/sl= Ao g2 4#X C/EBP
pe AFATAEL £3F iAo =E2E & FEH= 3
HA AAF JIZA £3F A o] A B2 o|Th9,
24]. WebA] MEZSOl| o3k A A2 231e] A9 o] &
o] e Wy}t Bs=RE ZAFA T Fig 240 YEL
W Ao A & 5 Ql5ol, ot MDI 9] 3 2317}
=4 3T3-L1 Al XA o] Tl o] L3 wl¢ F7}
Aok 283 AGAE 7351 HF dANA A o
Abell Fed sl aP2, leptin 2 FAS2| (16, 17, 37] =3
MDIol| osf ZE3}7F 3] o] Fol X AlZo A =4 LA
H 3ok 2 MEZS7F S48k 204 MEZS 55
o)EZH 07 o5 WY FFEL A HAaFHAL, o)
WHsl= A Az o] £33 AAE A o] Aol 2

Z1st s & 7 Ao

MEZS (ng/ml)
+ + + + MDl

C/IEBPa

A o

e | prary
e BSe®
C o 0.25 0.5 1 3

Journal of Life Science 2024, Vol. 34. No. 10 717

AEZ Y AEA FA ERK2 4 PI3K/Akt 74 2 9]
A stE ALAE E3ho] e 2HAEA ABAE F
Aol Hzoz A3t Be A3 AF oA o] &9
A8t EH AWM E g4 7)o PPARyS} C/EBPS]
A FES A3 AAEC] AsIE AWAx] B
3l f27F EXE T Ao] FSEAeH, vHi o] & F
29| A= AYAE S JA AT, 5] whhA 2
Aol A= PPARyS} C/EBP2] A H A5 HE AR n
A= MEZS9| 93-S W713t7] 93] PIBK/Akt H 22| &
A WslE ZABIALE o] & Y%t 3T3-L1 AlIEE MEZS
7F AW §l= AdEioll A MDIS} B eFste] Alzte] 7 el
& PIBK9} Akte] HdH WHIE ZASIE T B A9
Axtol oJ3std, DMIY =& 3T3-L1 A=A DMI A ]
A zEe] Z71el whg} PI3KS}F PI3KE] 3FF AR Akte]
A g dde= Z Wshr AT, 2159 A4t
3Hp-P3K ¥ p-Akt)y= DMI A E] 27]d F7138tAH. o=
DMI® 9|3+ 3T3-L1 AAFA L] AWz 2] B3}
o] PBK/Akt 7 29| A3V} Bt Y& gtk

(Fig. 2B). 181} MEZS+ A2 Azt &4 2oz 1
E9] AAEE AASAT
0 0 100 200 300 500 MEZS (ug/ml)

- + + + + + MDI

- aP2

— e W o o =e| Leptin

».9--0" FAS

==== | B-actin

Time (hr)

+  MDI
+  MEZS (500 pg/ml)

| p-PI3K

PI3K

| p-Akt

| ————apa—— Akt

[ ———  — ——————— ] jractin

Fig. 2. Effects of MEZS on protein expression levels of adipogenic transcription factors and adipocyte-specific proteins in differ-
entiated 3T3-L1 cells and on phosphorylation of PI3K and Akt in the early stage of differentiation. (A and B) The
post-confluent 3T3-L1 cells were differentiated in the absence or presence of different concentrations of MEZS for 8
days following initiation with MDI. (C) 3T3-L1 cells were treated with MDI in the presence or absence of 500 pg/ml
MEZS for the indicated times. (A—C) The protein expressions of adipogenic transcription factors, adipocyte-specific proteins
and PI3K/Akt signaling pathway were analyzed with Western blotting. Equal loading of proteins was verified by immuno-

blotting for B-actin
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scope (B). (C) The triglyceride contents of
cells were determined by oil red-O staining.
The data are expressed as the mean = SD of
three independent experiments ('p<0.05, vs.
undifferentiated control, #p<0.05, vs. differ-
entiated control).

ROS & DCF-DAE AH&38te] 43830 Al &
A Azl of3tH, vEskE Az vlg #3}E 3T3-L1
Al Z ol 4 ROS WA 2] F71E ¢Wlét= DCF ¥4 whs
Alaze] M7t AA Asst o M(Fig 4A 2 B), ¥ &
u|7 B A& ROS A A&l F4 §3go] ZalA
2 =] 91 THFig. 4C). & ROSS| AA o] AA x| £
slo] we} F7FE e yUERAYh 28y F7HsE ROSE
MEZS A8 5% ¢|&2 o2 FaHon, o]= MEZS
b AAE B3 Aol A gAaks BAe] 24 S Fall
ROS A S At ol TASI =S YH g
o]o] A} MEZSell 2|3 ROS A4 & hdto] Nif2 4l 57|
o] &3 ARl J=AE ZAH] st N2 21%
At A3E A= T HILE ZASIATT & 4
71 vpe} o], M Z g4ts} ko] 8 ZE AR Ni2E
Al A1 A Nrf2e] A AR kelch-like ECH-asso-
ciated protein 1 (Keapl)Z} vl A& 443 ubig-
uitin-proteasome A| Z~®l ol 2]} EI|HTH4, 44]. L&}
2bsl 2EG 2 20U Nif2 8AA7F EA5HE 49,
Nrf2& Keapl % &85 1L Keapl®] &3 F717F RkdT
oloj A Nrf2& O = o] F3te] AL JIARA 3F 73
S| A S ZIATIA T, o' HolE 7] 9fs)
AE A4kslrt o] oy A oF Frh4, 44]. B A9 Aol
oJstH, MDIZ} &= A2l o] &34 3T3-L1 Al ZdA =
Nrf29] & o] tha F7FeAA R, Nrf27F &4 3= 9l
S ou]sl= Q4kEtE Nrf2 (p-Nrf2)] &d e v 23l5
3T3-L1 A28} Hlaste] {92 Q1 2Fo] o] it 18
31 Keaple &y} tixx A Nif2 3HF 4tsl 49
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Fig. 4. Effect of MEZS on ROS production and Nrf2 signaling pathway during the adipogenesis of 3T3-L1 cells. (A) Cells
were stained with DCF-DA and ROS levels were measured via flow cytometry. (B) The frequency of DCF-positive
cells in each treatment group was represented as a bar graph. The data are expressed as the mean £ SD of three independent

experiments (*p<0.05, vs. undifferentiated control;

#p<0.05, vs. differentiated control). (C) Representative fluorescence

images showing ROS production through fluorescence microscopy observation were presented. (D) The protein expressions
of Nrf2 signaling pathway were analyzed with Western blotting. Equal loading of proteins was verified by immunoblotting

for B-actin.
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Fig. 5. Summary of the mechanisms involved in inhibition of adipogenesis and lipogenesis by MEZS in 3T3-L1 pre-adipocytes.
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Az A o] &gzt o Aao|m, Nif2 2l A o &3}
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AA A Z3F A ol Aol B3l o
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=5 : ROS MM Nl PI3K/Akt ASHS| EEMEIE S5t A=LIF A2 HEE FEEY
RLMZ 235 A
zes’ - FoR' . 2gH
(et o 5-mnA-Pefet AFGFetat, g heta Fwstd i, S o heta §he)u) et
A s}skal )

B Ao s AU Ao vgs FEEMEZS)Al 93 vt 71 A& A8 T 3T3-L1 A8
TAE 2dS o] &3 Ao o5t MEZSE A WAIE £33l fFEAol 23 A gAERo] 23519} 2o
PAE AY vE oFF 07 2Tttt o]= C/EBPs9t PPARySH 22 AWM Z AA HAF 1A} #ul
ol e} aP2, leptin 2 FASS} 22 AWM Eold frxte] wd Ao 9 Ao|ty. MEZS+& =3
PI3K/Akt A 29| A4S A8 01, PI3K/AktY] A E2S Q192 2193l0S 4%, MEZSO| &3k 2 WA
Z2o] E3tet A A A A5 U ST Yok MEZS= #3HE AEA| o 4 9] ROS A4S
£ Adetd o, ol Nrf2 2l 5A o] &3k}l dddo] YUt B AT ARE AxUF o FEF0
FHIT 335 7HE ¢ A A9 oF 24 FA Yol ¢S o h



