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ABSTRACT

Mango (Mangifera indica L. Irwin) leaves are a rich source of bioactive compounds, including flavonoids, glucose, xylose,
and mangiferin. Among these, mangiferin is particularly noted for its diverse health-promoting properties, such as antidiabetic,
immunomodulatory, and antioxidant effects. Despite these benefits, mango leaves remain underutilized, and are often considered
agricultural bio-waste. This study explores the potential of mango leaves as a functional ingredient by examining the antioxidant
and anti-adipogenic activities of mango leaf water (MLW) extract and 70% ethanol mango leaf extract (MLE). The antioxidant
activity of these extracts was assessed using total phenolic content (TPC), DPPH radical scavenging activity, and copper(Il)
reduction potential assays. Both MLW and MLE demonstrated dose-dependent antioxidant properties. Notably, MLE showed
higher activity in TPC and DPPH radical scavenging compared to MLW. Additionally, MLW exhibited a higher copper(Il)
reduction potential than ascorbic acid at a concentration of 100 pg/mL. The anti-adipogenic effects of MLW and MLE were
evaluated by treating 3T3-L1 preadipocytes from day —2 to day 6, followed by Oil Red O staining to measure lipid
accumulation. At a concentration of 100 pg/mL, MLW reduced lipid accumulation by 68.19%, whereas MLE inhibited lipid
accumulation by 82.26% compared to mature adipocytes. These results indicate that mango leaf extracts hold promise as
natural functional food ingredients for addressing oxidative stress and preventing obesity. Further research is needed to
investigate the molecular mechanisms underlying the effects of MLW and MLE, particularly their influence on the transcription

factors involved in adipogenesis.
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Z3100A4 30 min FF WSAFATE WHEAIZ] F 517 nmE
37 &1 microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E AHEste] FREE SAAT Hd dxTeze
ascorbic acid® S FFZ S3lAA FE2EY 2 T2 3
AMato] Ag-stslom A w3} 552 DPPH radical
27 AL tEAE o83t ALteal
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£ g A-8-3F 3T3-L1 AW T4 = American Type
Culture Collection(ATCC, Rockvilie, MD, USA)ol| A HE<Ft
of AR&SIITE 3T3-L1 AMHTAZEE 10% BCSSH 1%
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t}h 3T3-L1 ALATAE7} confluent “FEN7F HAS W&
day —22} E7|892™ confluent 2¢ ¥ 3= ujA|
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penicillin-streptomycin®] &3+ DMEM®]| 167 nM insulin%t
A7¥ste] day 20014 day 47HA] A 2]8k3itt Day 4 o] Fell=
10% FBS<} 1% penicillin-streptomycin®] &3%1¥ DMEM Hl
A& o]&3dte] day 60 AWAE FIHEE FTRSIUTH

(Fig. 1).
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&g 3 96-well plateol] 100 pLA¥ H7Fsted 510 nm=2 2%
3t microplate reader(Molecular Devices, Sunnyvale, CA,
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YERN 2 Statistical Package for Social Science(Ver. 18,
SPSS Inc., Chicago, IL, USA)E °|&3lo] BAIE 4519
t}. Total phenolic contents(TPC), DPPH radical &4 &4
Z12] 3L copper(Il) reduction potential A &2 L9 v %] F-AL
2 (one-way ANOVA)= AAIg &, Duncan’s tests &3l
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Fig. 1. Scheme of 3T3-L1 differentiation and treatment with MLW and MLE.
DM: differentiation medium consist of FBS-DMEM, 5.2 uM dexamethasone, 0.5 mM IBMX and 167 nM insulin, Post-DM:
post-differentiation medium consist of FBS-DMEM and 167 nM insulin, MLW: Water extract of mango leaf, MLE: 70% Ethanol extract

of mango leaf.

sokok

“p<0.01 283 "p<0.001).

1. & Z2|gls ezt

Il P I
hydroxyl”7] & 333t Wak<
2018). T8 AEo2E ©d ,
Ash, ™S A, & aeja et T ovhekek ey
< YeldthYoshizawa S 5 1987). #Hl=A 3}3E2] gio]
7 ETE FAkst Do) Skt AT A 7Rtet
o] total phenolic contents %S 183+ HChoi SY 5
2005; Chen HY & Yen GC 2007). MLW$} MLEZ 10, 25,
50 Z1¥]3l 100 pg/mLe] FER A5t AlEstle
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2. DPPH Radical &~74 &4

DPPHE 2F9A¢] radicalS 7143 9lom, o]= Wk

ox

ofild} Fl =4 FES Edele AA A& kst &4

< Hrishe o] 2 AFEE 3 9lthLee CH 5 2011). DPPH

9] radicalS AATOZHA AAoA] wFdMo T H3lEl=
)}

Brkle AERE S8En, 54 Wiio] vwA st
gatsl 2S5 Hrlehedl 2ol AME-EthBlois MS 1958;
Amasa W 5 2012). £ A &A= MLWS MLEE DMSO
210, 25, 50 18] 100 pg/mLe] F=Z 3]A 3l Al-8-8}
o™, DPPH radical &A &4 A8 538 F FE89 &
et & ST 44 FE2E MLWE 2H} 16.10%,
31.90%, 51.34% 18] 31 83.96%2] DPPH radical 27 24-S
el o™, 70%(viv) %8 FEE MLEE 24.19%, 47.97%,
81.01% 12131 93.37%2] 245 JeplthFig 3). Fdul=
O 2 0] 83} ascorbic acidE A B9 BUI rm AHS
APetd om 25 pg/mLe] LA 96% ©]4ke] =& DPPH
radical 227 2445 etk & A8 7, MLWS MLE=
5 ascorbic acidel] H|8l iAo 2 e FA]S Hlon)
% oJFZ 0% DPPH radical 227 @40] S7l8te AL
golstsith. A3 A (Yoo DH & Lee IC 2020)l4] o &r-L
2 3353 o Z2Ya o] IR 53 ol EYa dHY =
< DPPH radical 2274 40| & A2 Ygpgon 2
T APATet T FHoR FE2I 2y
B

Yol Arr 53 fZa dHT ¥ =& DPPH radical
27 AE Btk AT Ao Aol wha, of
E9a 42 55 SR ARl &3 ZET FH S
S| = ARESte] FE319S wf o] ik Faksl EAo]
Z59S Aoz AGHAT) Itoh K 5(2020)2] A3 Aol A
o] Rt opl g} oo ), 7, 44, 74 a8l
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Each distinct letter on the graph represents a significant difference determined by Duncan’s test (p<0.05).
MLW: Water extract of mango leaf, MLE: 70% Ethanol extract of mango leaf.
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Yang EY 2022). ¥ dFoldE Cu*' & Cu' oz BdAT)E
12]E o] &3} reduction potentiale =733t MLWSH

N

120

MLE: DMSOZ o] &3] 10, 25, 50 28] 100 pg/mLe]
TER 3|45t Agetglen Aol A7 MLWSF MLE=
RE 'S e R SAZE e, MLWE 10, 25, 50 1
213l 100 pg/mLe] FxolA gdE cu''el F=7} 10.56,
24.01, 34.92 12|31 38.51 pMeo|UTh MLE® 543 F=|
A L9 Cu'tel FE7) 19.69, 32.43, 35.89 12] 3L 3347
M ©]1tKFig. 4). FA N 2T 2 AFE-H ascorbic acidE Al
59 Y3 =2 APS s on, 50 pg/ mLe &
oA FLE Cu''el FEE 37 uM oo Z YEhyith 94
FE2E MLWE FE 9&7oz Fgdo] Zylelsle

100 pg/mLe] FEolA = Fglz2T<l ascorbic acid 2.t} T
=2 43S YeERITE Oyaizu M(1986)2F Moon GS &
(2003) FHhHo] WA O Z radical 24 AT FAMSH
IS yepdtia B 11819 o™, DPPH radical A4 413}

—
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DPPH radical scavenging activity
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= E
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Fig. 3. The DPPH radical scavenging activities of MLW and MLE.
Each distinct letter on the graph represents a significant difference determined by Duncan’s test (p<0.05).
MLW: Water extract of mango leaf, MLE: 70% Ethanol extract of mango leaf.
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Fig. 4. The copper(Il) reduction potential of MLW and MLE.
Each distinct letter on the graph represents a significant difference determined by Duncan’s test (p<0.05).
MLW: Water extract of mango leaf, MLE: 70% Ethanol extract of mango leaf.
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7re thokel Balew olxlel s 2| os) A|WH TR B = 3T3-L1 AATAE7} adipogenesis 28 |4 C/EBPS,
st H|RES AFshs fEokellA] 71 Wol AREE 1 gith C/EBPS, PPARY 33]51 C/EBPagt &2 ZAARIAEC] A%
A A A 2 A A A 2R B8)E = 247 <] adipogenesis Alze] Eetet el $83 AdE 81, adipogenesis]
= HRH} 212 Ado] glom, olF AR Aost= gk SAl A HE 52 g5lo] XA S 2280
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B 315 A tKBonomini F 2023). MLW} MLES] iks} 24 A TAH ZE IBMX, DEX 18] 3 insulin®} 28 £33}
S 7lukete], 3T3-L1 AHPAFA A MLWSF MLEZF % 1Akl o8 A|gAx= Hi}ﬂ ™ A Wol| AE

adipogenesisdl] P& G Hr1str] 98 10, 50 18]
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¢
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day —2014 day 6744 % 8 B Aelsigih B3zt Tl ek A7)l mA= 9 :% ol 7] ffsf AnFew
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= Zelsiith MLwWet
AgjTelM s AT

dAE Aol o &AE whH MLW A gaolAe o} =77} thZtel H]sle] Fo]EQloH, o] F MLEE %
gA &S 2 T oEH oz Aue 9} A5 A ZTHFig SA,

60.02%, 59.82% 12|31 68.19%2] AW %2



34(6): 485~493 (2024) NEH 3L (Mangifera indica L. Trwin) & FZE2] ksl 2 gt 24 491

(A) Adipocytes (Day 6)

MLW (ug/mL) MLE (ug/mL)

10 50 100 10 50 100

Pre-adipocytes Adipocytes

3B) Adipocytes (Day 6)

MLW (ng/mL) MLE (pg/mL)

Pre-adipocytes Adipocytes

e

120

010 pg/mL  B50 pg/mL  ®100 pg/mL

100 - I

80

60

b ok

40 | :

ok

20

Lipid Accumulation (% of Control)

Adipocyte MLW MLE

Fig. 5. Oil Red O staining of 3T3-L1 adipocytes to assess lipid accumulation.
(A) Lipid accumulation in 3T3-L1 adipocytes in the presence or absence of MLW and MLE analyzed by photomicrography. (B)
Microscopic visualization of lipid droplets in differentiated 3T3-L1 adipocytes. (C) Quantitative measurement of lipid accumulation using
absorbance of Oil Red O staining. Each distinct letter show on the graph represents a significant difference determined by Student’s #-test
(" p<0.01 and ™ p<0.001).
MLW: Water extract of mango leaf, MLE: 70% Ethanol extract of mango leaf.

5B). Hlgtelat WIS & HRE R FEete] A S4 AA oS3 Ayl clEWa o FEE0] T LAlRA e Tt
F3E 2913 Min 0) 5(2010)2 FE&& A3 A2d A4S AR

°of FEEE et & vl vlst] AgTef 7t

HET RS ERlEglon, vlakel FEE] HI FEE 2 <%

Hop A 54 Aol o avpolsta Ruskeith & <l

TFoAME o FE5E9 MLWS MLEZ} 58S qaom AT = fETn Y] kst B vt G
e thzwel wste] Ao fef 97)18 A Brreta 716 SARAS TS wAskTh &Y



492 AL

ojf
)

L8

3 9 FEEY kst S FRlsty] 98l TPC, DPPH
radical 227 4] 23 18] 31 reduction potential 23S 2
& 5t3ith. TPC, DPPH radical &7 24 A= MLW
S} MLE 2% %% o|&F o= gitsl &4e vehllon,
reduction potential A &= MLW AHE|To] & &4
o= kst gido] Frhe Wk ofe} 100 pg/mLoAlA F
At 22 ascorbic acid 2t} © &2 arkal 48 el
At o9} 22 ksl AL 7o 2 OROE T3l 3]
Tk 248 Hrlekl o MLWSF MLE 25 adipogenesis 2}
S 248 A F42 AASHI T MLWSE MLE # 2]
T x| Blste] Aol ot 47|15 AaAlF o,
100 pgmLolA = 7F =2 AW 4 oA @45 Jehd
Atk & AFE B3lA HrE=

J

gl ol S5 ]
2Fe] 2AEA E8d F de AFEE AT FF
o 2 Yol /3 B2 3 adipogenesis T ol FHoJsh=
AARIAES] H FES ERlsk] Agh F7HR1 Aol
FlggElojol & Aoz et

REFERENCES

Ahn JY, Lee HJ, Kim SN, Ha TY (2010) Curcumin-induced
suppression of adipogenic differentiation is accompanied
by activation of Wnt/beta-catenin signaling. Am J Physiol
Cell Physiol 298(6): C1510-C1516.

Alafion ME, Oliver-Simancas R, Goémez-Caravaca AM,
Arraez-Roméan D, Segura-Carrtero A (2019) Evolution of
bioactive compounds of three mango cultivars (Mangifera
indica L.) at different maturation stages analyzed by
HPLC-DAD-q-TOF-MS. Food Res Int 125: 108526.

Amasa W, Santiage D, Mekonen S, Ambelu A (2012) Are
cosmetics used in developing countries safe? Use and
dermal irritation of body care products in Jimma Town,
Southwestern Ethiopia. J Toxicol 2012: 204830.

Bae CR, Kwon DY, Cha YS (2013) Anti-obesity effects of
salted and unsalted doenjang supplementation in C57BL/6J
mice fed with high fat diet. J Korean Soc Food Sci Nutr
42(7): 1036-1042.

gl

e

R ETAC HORA oF RAHEAETS

Bailey AJ, Robins SP, Balian G (1974) Biological signifi-
cance of the intermolecular crosslinks of collagen. Nature
251(5471): 105-109.

Blois MS (1958) Antioxidant determinations by the use of a
stable free radical. Nature 181(4617): 1198-1200.

Bonomini F (2023) Antioxidants and obesity. Int J Mol Sci
24(16): 12832.

Chen HY, Yen GC (2007) Antioxidant activity and free
radical-scavenging capacity of extracts from guava leaves.
Food Chem 101(2): 686-694.

Choi SY, Lim SH, Kim JS, Ha TY, Kim SR, Kang, KS,
Hwang IK (2005) Evaluation of the estrogenic and anti-
oxidant activity of some edible and medicinal plants.
Korean J Food Sci Technol 37(4): 549-556.

Choi YS, Kim EM, Choi SK, Lee WH, Han HS, Kim KK
(2020) Investigation of the effect of blueberry hydrother-
mal extracts on myoblast differentiation. Kor J Herbol
35(3): 25-32.

Choi YS, Kim EM, Lee SH, Han HS, Kim KK (2021)
Investigation on the effect of water extracts of Mangifera
indica leaves on the hair loss-related genes in human
dermal papilla cells. Kor J Herbol 36(3): 39-46.

Chua SC Jr (1997) Monogenic models of obesity. Behav
Genet 27(4): 277-284.

Gu TG, Yoo IS, Park AN (2014) Antioxidant effects of
bioactive mango leaves. J Korean Soc Cosmetol 20(5):
847-851.

Halliwell B (1996) Antioxidant in human health and disease.
Annu Rev Nutr 16(1): 33-50.

Han EJ, Kim SY, Han HJ, Kim HS, Kim KN, Fernando IPS,
Madusanka DMD, Dias MKHM, Cheong SH, Park SR,
Han YS, Lee KH, Ahn G (2021) UVB protective effects
of Sargassum horneri through the regulation of Nrf2
mediated antioxidant mechanism. Sci Rep 11: 9963.

Heo SJ, Ahn HY, Kang MJ, Lee JH, Cha JY, Cho YS (2011)
Antioxidative activity and chemical characteristics of
leaves, roots, stems and fruits extracts from Acanthopanax
senticosus. J Life Sci 21(7): 1052-1059.

Huang D, Ou B, Prior RL (2005) The chemistry behind
antioxidant capacity assays. J Agric Food Chem 53(6):
1841-1856.

Hwang DI, Choi IH, Kim DY, Park SM, Kim HB, Li YL,
Lee HM (2019) Inhibitory effects of Chrysanthemum

boreale makino on 3T3-L1 preadipocyte differentiation



o]
3T

34(6): 485~493 (2024) o Z a1 (Mangifera indica L. Irwin)

and down-regulation of adipogenesis and lipogenesis. J
Life Sci 29(3): 332-336.

Im JH, Lim JS, Han XG, Men X, Oh G, Cho GH, Choi SI,
Hwang WS, Lee OH (2023) Antioxidant activity and
anti-obesity effects of mixture of Brassica juncea and
black rice bran. Korean J Food Nutr 36(4): 244-252.

Itoh K, Matsukawa T, Okamoto M, Minami K, Tomohiro N,
Shimizu K, Kajiyama S, Endo Y, Matsuda H, Shigeoka S
(2020) In vitro antioxidant activity of Mangifera indica
leaf extracts. J Plant Stud 9(2): 39-45.

Ji HH, Jeong HY, Jin SJ, Kwon HJ, Kim BW (2012) Inhibi-
tion of adipocyte differentiation by methanol extracts of
Oenanthe javanica seed in 3T3-L1 preadipocyte. J Life Sci
22(12): 1688-1696.

Kedare SB, Singh RP (2011) Genesis and development of
DPPH method of antioxidant assay. J Food Sci Technol
48(4): 412-422.

Kim KH (2009) Perspective in regulation of adipogenesis by
bioactive food components. Food Sci Ind 42(4): 51-57.
Kim SS, Park JY, Lee WC, Park CY, Ko BH, Jeon YA, Park
KJ, An HJ, Kang SB, Yun SH, Choi YH, Lee YJ (2018)
Memory enhancing activity of extract of new citrus culti-
var ‘Shinyegam’ in mice. Food Sci Preserv 25(7): 855-

862.

Lee CH, Shin SL, Kim NR, Hwang JK (2011) Comparison of
antioxidant effects of different Korean pear species. Korean
J Plant Res 24(2): 253-259.

Min OJ, Oh J, Kim HA, Kim MS, Baek HY, Kim YJ, Rhyu
DY (2010) Effect of Eriobotrya japonica leaf and seed
extracts on adipogenesis. Kor J Pharmacogn 41(4): 270-
274.

Moon GS, Ryu BM, Lee MJ (2003) Components and antioxi-
dative activities of Buchu (Chinese chives) harvested at
different times. Korean J Food Sci Technol 35(3): 493-
498.

Ntambi JM, Kim YC (2000) Adipocyte differentiation and
gene expression. J Nutr 130(12): 3122S-31268S.

Oyaizu M (1986) Studies on products of browning reaction;
Antioxidative activities of products of browning reaction
prepared from glucosamine. Jpn J Nutr Diet 44(6): 307-
315.

Pratelli G, Carlisi D, D’Anneo A, Maggio A, Emanuele S,
Palumbo Piccionello A, Giuliano M, De Blasio A,
Calvaruso G, Lauricella M (2022) Bio-waste products of

493

Lo

2% 24
Mangifera indica L. reduce adipogenesis and exert anti-
oxidant effects on 3T3-L1 cells. Antioxidants 11(2): 363.

Quan T, Fisher GJ (2015) Role of age-associated alterations
of the dermal extracellular matrix microenvironment in
human skin aging: A mini-review. Gerontology 61(5):
427-434.

Reddeman RA, Glavits R, Endres JR, Clewell AE, Hirka G,
Vértesi A, Béres E, Szakonyiné IP (2019) A toxicological
evaluation of mango leaf extract (Mangifera indica) con-
taining 60% mangiferin. J Toxicol 2019: 4763015.

Sferrazzo G, Palmeri R, Vanella L, Parafati L, Ronsisvalle S,
Biondi A, Basile F, Li Volti G, Barbagallo I (2019)
Mangifera indica L. leaf extract induces adiponectin and
regulates adipogenesis. Int J Mol Sci 20(13): 3211.

Shon MS, Kim GN (2014) Anti-oxidant and anti-obese acti-
vities of turmeric (Curcuma longa L.) extract in 3T3-L1
cells. Kor J Aesthet Cosmetol 12(2): 169-175.

Son JW (2022) Recent advances in anti-obesity drugs. J
Korean Diabetes 23(2): 113-127.

Yamashita A, Soga Y, Iwamoto Y, Asano T, Li Y, Abiko Y,
Nishimura F (2008) DNA microarray analyses of genes
expressed differentially in 3T3-L1 adipocytes co-cultured
with murine macrophage cell line RAW264.7 in the pre-
sence of the toll-like receptor 4 ligand bacterial endotoxin.
Int J Obes 32(11): 1725-1729.

Yang EY (2022) Physiological activities analysis of thunberg
fruit (Rosa multiflora) and quality characteristics of beve-
rage added with fermented extract. Ph D Dissertation
Sookmyung Women’s University, Seoul. p 107.

Yoo DH, Lee IC (2020) Antioxidant effect and iNOS, COX-2
expression inhibition on RAW 264.7 cell of Mangifera
indica L. leafs. J Life Sci 30(9): 783-790.

Yoshizawa S, Horiuchi T, Fujiki H, Yoshida T, Okuda T,
Sugimura T (1987) Antitumor promoting activity of
(—)-epigallocatechin gallate, the main constituent of
“Tannin” in green tea. Phytother Res 1(1): 44-47.

Zou TB, Xia EQ, He TP, Huang MY, Jia Q, Li HW (2014)
Ultrasound-assisted extraction of Mangiferin from Mango
(Mangifera indica L.) leaves using response surface
methodology. Molecules 19(2): 1411-1421.

Date Received Dec. 4, 2024
Date Revised Dec. 6, 2024
Date Accepted  Dec. 9, 2024



	3T3-L1 지방세포 모델에서 애플망고( Mangifera indica L. Irwin) 잎 추출물의 항산화 및 항비만 활성 평가
	ABSTRACT
	서론
	재료 및 방법
	결과 및 고찰
	요약
	REFERENCES


