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Hyperlipidemia has been ranked as one of the great-
est risk factors contributing to the prevalence and
severity of coronary heart diseases. The pharmacologi-
cal actions of tangerine (Citrus unshiu) peel include
the facilitation of fat digestive enzymes. Also, guarana
(Paullinia cupana) has been used for stimulants and
tonics over a long period. In this study, we aimed to
optimize the mixed ratio of organic tangerine peel
and guarana extracts to suppress fat accumulation. To
determine the optimized the mixed ratio of tangerine
(Citrus unshiu) peel extract (C) and guarana (Paullinia
cupana) extract (P) on adipogenesis, maturing pre-
adipocytes were incubated during the 8-day induction
period with various ratio of the mixed extracts groups
like as Vehicle (DMEM 200 pl/ml), Con (MDI DMEM
200 pl/ml), C10 (MDI DMEM 180pl/ml+C 20 pl/ml),
C9:P1 (MDI DMEM 180 pl/ml+C 18 pl/ml+P 2 pl/ml),
C5:P5 (MDI DMEM 180 pl/ml+C 10 pl/ml+P 10 pl/
ml), P10 (MDI DMEM 180 pl/ml+P 20 pl/ml). There-
after, the adipocytes were stained with Oil-Red-O and
analyzed for lipid contents. As the results, organic
tangerine peel and guarana extracts were revealed to
reduce fat accumulation in 3T3-L1 cells. The fat ac-
cumulation significantly decreased in C5:P5 group,
which is equally mixed with organic tangerine peel
and guarana extracts, as compared to other groups.
Based on these results, we found the optimized ratio
with organic tangerine peel and guarana extracts to
suppress fat accumulation. We suggest that this opti-
mized organic tangerine peel and guarana complex
might reduce effectively the serum lipid components
and improve the lipid metabolism in hyperlipidemic
patient.
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slof AbEgth X9 dZ5E SRR AL E I =T
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Fole T S A2 A AH-go] BaE ATH6, 7].
JJrE‘rUr(Paulhma cupana)= B2} olulE JAAIY Ao
Ak ApekE AERA S 10m7HA Ak, FdS B e AL
Holl go 9lom Aufjelli= 1~27]9] A ste] QlaL, ofnfE ¢
FHEL o5 715 AF o2 o] HAY Foll B/ HE
o8], bt Aokell= AbxW, A, A, A, 7HE, &
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Materials and Methods
ZFEE MY M=

B Ao ALEE T = AT A A EA GAES A el
A frrlsom A e gEs gl Axd A (F)
A&, =)ol A skl A8kl e, Fdehe
A Bepd, ofulE F o] 54 7159k Bkl A Al
o] F#H]% A EE Advanced Nutraceuticals, LLC (Colo-
rado, USA)el A 7F& 3k AL 518t Abg-stsint. 19 4
Fehg Al g B3 F 554 No. 60& E3A)7 3 247
600 g, 300 go] 17 ¥ ep} Bu42 2109 ZRH5E
3t753%7] (MISUNG S&I, Daejeon, Korea)E Al-8-3}]
100°C, 3713 5319 93 § 3] 714} evaporator (HAHN

A. Mass-to-charge ratio (m/z) adjust 151.07 from 579.21

SHIN, Ansan, Korea) & 7S¢t 5% ¥ 52 dxst 5 &
=S 247 150 g, 45 g& AU

9| naringin && 4

A2 Aol A 319 9] e 415 918ke] Liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS)E ©]
43tk W9 EFE-S naringin (Sigma Chemical Co,
MO, USA)E& A E=4 = o & st om, vehs &2 53
1= J.T. Baker(NJ, USA)ell Al HPLCH & AF&-3F3itt.
UPLC Z# 2 ACQUITY UPLC BEH C18 (2.1x100mm,
1.7uM)E dlo| ¥ 2] =] = Mass Lynx software version
4.1 (Waters Co. Ltd, Milford, USA)Z A}-&3}5l o, 3
A #Z&-2 triple-quadrupole mass spectrometry S ©]-&3}
o] MRM(multiple reaction monitoring spectrometry) %
HoZ &3+, ionization turbo ion sprays o] &
3t electrospray ionization ESI modeZ AF-&-313ith. Cone
voltage+= ZtZF 42 Vo] a1 ion source temperature= 380°C
2 AAsA. T3 MRM modes °]43% &S 200
dwell time(ms.)o. = #4]3%lth E3 MRM modes ©]
23 7122 200 dwell time(ms.) o & HAa1g] on, 24zt
Mass-to-charge ratio (m/z) <= 579.2914 151.07, 579.2 ol
A 271.22 24 =} 2™, collision energy+ 717} 42 (eV),
34 (eV) = 2433l vh(Fig. 1).

et SHHIO 2 EA

Gas chromatography—mass spectrometry (GC-MS, GC-
MS-QP2010 Shimadzu, Kyoto, Japan) 41> Gas chro-
matography9} 70 eVE o] 23} Atg o] &5 A 247
£ A}g-3ke] 42308131 2, Gas chromatography 2| column
(30m x 0.25mm x 0.25um, film thickness. J&W Scientif-
ic, CA, USA) A&7} temperature-programming modee°ll
A BT 27] column == A A2 70°C/3%, 10°C/
min &A1 A 300°Ce] o] 24| 3 & 583 §-A A # . In-
jection port 2%+ 280°Co] iz GC/MS interface 290°C=
FAIA Z 3L Carrier gas= @& (He)< injection volume2.
2 1 uL F=Yg3tglth. GC-MS9] AZE 9] (version 1.10

B. Mass-to-charge ratio (m/z) adjust 271.21 from 579.21
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Fig. 1. Condition to analysis naringin compound by multiple reaction monitoring spectrometry with liquid chromatography-tandem

mass spectrometry.
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beta Shimadzu, Kyoto, Japan)<] NIST spectral library &
o] g3te] &l A=< fragmentation pattern®} retention
time-S &1t

MIZEHHSE S A2 Me

3T3-L1 adipocytes (ATCC, CL-173, VA, USA)&= 10%
BCS (GIBCO, MD, USA)E ¥ DMEM #jA <A 5%
CO,, 37°C zAlA wlF Flom w2 48417k nt
o} mead ek Al E7F 70% confluent® 918 w) AXE &
2t 24-well plateol welld 2x10* cells/mL¢] 3T3-L1
adipocytesE 2mL*» a1 48417 w3t ¥, 10% FBS
(GIBCO, MD, USA)<} MDI (GIBCO, MD, USA) solu-
tion, 0.5 mM IBMX, 0.1 pM dexamethasone, 10 pg/mL
insuling ¥33s DMEM H|A & Al&3le] 2 53t &3}
Fri= Stk Alme] Aels A AE Zstel A= 9
= BEE7] S8 B = A J2 AHEEH AR F B
20uL/mLE ®l&ol gtA H7tetdeh £35) f1= 44 A ¥
ol 10% FBS<} 10 pg/mL insuling- 3¢ DMEM i
A5 48/ % e Aglakglnh. 2 5 484131 g WA 10%
FBSE *3¢ DMEM #jA & aghslol om #3517} ehd €
A HR 8L A AAE 23t =5 AF3A T

o oo

0il red 0 stain

ool B4 & A v miA & AASNA pH 7.4 PBSZ Al
#]3}a1 4% formaldehyde & 91 0.2 2417k 59 A £ 2 114
3+ o] %, 60% isopropanolZ Al sttt A3 A=A
% Oil red O (Sigma, MO, USA)=Z 2087 G4 aS 3 g
&, G NS A A T DW.2 33 A Hatgith A A
X & Microscope (Olympus, Tokyo, Japan)S: ©] 83} 3

] ELISA reader (Molecular Devices, CA, USA)Z 540
nmel A FFEE S48l Oilred O Al eF o2 A1) g
2 &Y F FF ] Aol Mg = VER Rl

SHA

S Aol foixl A= FH+F A (meant SD)=
YERHATE 2 A frej el tigk SA= et A
Y 7] FAIEA vlag $lal SPSS (version 12. SPSS
Inc, Chicago, IL, USA)E A}-&3t9 #431%12 ™, Dun-
can's AFF-4 74 & A A gke] P<0.05 ©]3tY o BAI A=
o3k Ao 7 Wekslgitt.

Results
X Y+FEZ29| naringin & &

4o 4S9l £FE A naringin®] 1% 348 44
shglem, A4 JAS R*=0.999 o] d o2 v - o
33 A4S YeERith LC-MS/MS Z20tE 73& nar-
ingin®] XF& N 47H4] FEE o] &3to] X3 A5 FEE]

naringin & 0.275 mg/g2 2418t th(Fig. 2).

et S=F&E09) caffeine 2

Caffeine &3 caffeine®] chromatogram®] 50 ppm
9] R. time 18.512%, I. Time 18.465%, F. Time 18.595
o], 100 ppm R. time 18.510%, 1. Time 18.455
i, F. Time 18.570+°1™, #ehvt d4 F5E9 R. Time
18.526%, 1. Time 18.465%, F. Time 18.585% 2= %
A= AH(Fig. 3). Caffeine &2 50 ppmel4 peak
areat= 43895, 100 ppm2 843112 =49 AuA S

2ot 3k A £4E fske] 100% isopropanol &
o] g3te] A& F&¢ 5 96 well platecl] 200 pL

STD 1 Smoeth(Mn,1x2) MRM of 2 channels,ES-

4 571

ETD 2 SmoothiMn. 122} MRM of 2 channels. ES-

R?=0.9990]’ ¢ 0.2 vi-¢- F5g A4S veRIaL, et
ol 89 caffeine peak areai= 28192022 GC-MS ¥

STD 3 Smooth(Mn,1x2) MRM of 2 channels,ES-
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Fig. 2. Results of naringin concentration analysis in organic tangerine peel extract. Liquid chromatography-tandem mass spectrometry
chromatogram reveals naringin concentration 0.275 mg/g using 4 standard solutions.
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25 23 caffeine®] 3+ 334 mg/ge 2Hel skl th(Fig. 3). o bR e AEe AT AAaT Y e2A A
ol AHFe A Frtekdvh. 15k S-Evkete] AAL sfd
313-L1 XIZHIZO 2310 OIXIE 2 & 3 AT W AY AH ] Aol aABZ FolA
91 23} MDI 28} 24w 3 2] 8 A 2ol A= 42737 EIFAITUT BE RLE HEAA, A2 &
B A @do] #2E 9l om Oil red O G 41ol o3 adi- ﬁﬁ?iﬁjﬁéfi REH=HEFA A W&
teo] A A e Hen g REEEERIE P S7Feh F 3]
e ot 305 e :EET? 2 Liﬂ f}m}mc} s el o
A el a8 A% Bl A9l5, C5PsEAA C5(10 o D e)ol Gl 6w A B oél;figﬁ b ahel
WL/mL):P5(10 pL/mL) & 5=l A b] %< preadipocytes} igé%ﬂy@ﬁﬁhﬂ 104:}[7;2? qz;]%g};% oz
St A B Axg 2w 2do] A 2AHYL} o= r;_aringinﬂ %/\]}:t‘sl 229 hesperidine] 8% 27 :Eﬂjg?
Sel e CoPS v oI A% A 34 oA A& Agk AT 0 i1 e cherel 48
dekict (Fig. 4). =< adipocytes] Bt &34 4 51912 gHfota g ov] A s 9] 28] Bl o3t &3}
NEo R AR FHE G M2 eho] A F4 & )
& 748l ¥ A3, Fig. 5% o] A 5452 eld 4 9l Aol 919 G 918 £ S naringin]
Atk Ay F=EFE9 F£443 C10(20 pL/mL)w--& o) 2ol = ; Ao AAstg o, LC-MS/MS 2 utE 1218 nar-
Ml el SN AXAEE el AARAT. LI A pgine) gl 4717 BEE o fate] FRAL AF F
S5 A5 10%e] Eopstaleh. W] et FE e %% 9| naringing %] 0275 mg/g?l A& SHlajl). ®
o] gk P10(20 pL/mL)v2 94 e TS 74 &3t g Feh} A4 2220 A4S 9o 22 caffeine
H| = Fety FEE2 oA A AEALHA S A A © GC-MS £4¢ E3 caffeine®] o] 334 mg/gdl 2
5 RRAL, LU £k FelaslEd AA W g gz,
5 5ol FHT o 2 ANRSS BT J o ok I} H| 7k pread]pocy‘[eﬂ- adlpocytei H3lE] = A A E 9
we] EdHEe] SUMEEE ‘1@.%]”&%@0] oA H et 1 o)A} wrekol gl ah=u), A ubA| o] o) ek xupe] A&
9 FEE g EgE0] 0% (C107), 10%(CI:P1), AW E 0] Z7h WA 7| 7F 27 o) whel 24
50% (C5:P51)9 +55% T&H‘ﬁ Su AEAY F4o o] Al A= Ao A A 12, 13]. Aol A& Z
Has= AR A7 12,15, 58%3A 3} Al £E hepatocyte (2715 2)) 9} adipocyte (371 =

%7
2 oA oy vinka #eE o] o= AL F & adipocyte =
<A du[12, 13]. Preadipocyte= 2 A st 37 o] &4 #
stelo] AEW ABE FF sk ol adipocyte®] 7]}
S vt 19709t o] & A& AAA G F0 &5 Fo SV Rk AR E A A= 89 F SUE Q1Y

Discussion

A. caffeine 50 ppm B. caffeine 100 ppm
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C. Standard curves of caffeine D. Analysis of caffeine concentration in guarana extract
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Fig. 3. Results of gas chromatography—mass spectrometry analysis to determine the caffeine concentration in guarana extract.
A. Caffeine 50 ppm chromatogram, B. Caffeine 100 ppm chromatogram, C. Standard curves of caffeine, D. Analysis of caffeine
concentration in guarana extract.
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. 9Jtt. whekA] preadipocyted] #3812 o AlsHE B2 H|

RhE ddeh=d aabHeleta e A AH12, 13]. f+71%

Aadd 2 A FEE ANAE 23 AT 89

3}7] 913l preadipocyte 4B 21 3T3-L1 Al *2E adipocyte =

B3l A171W A A7 20 uL/mLE A ET 25 v Y E A
]

of gk 5, A AA oAl anrt ALY F4 Aw)
&= o] Ql=A] dopry] fste] T4 A HA e
= @8 Oil red O A Fol) FAAL] G2 =4
SFATH12]. & A A% FEF P Ay wE w ehy
% Aelo] waste] Aue) Feh} B¢ 2B A8
9% u w5 g AP oA Ext Qe RS F
sttt H Ao Wy e} Belt 24 = 50% : 50%E T
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100 = -
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i
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.8 60 ~
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Fig. 4. Lipid accumulation changes in 3T3-L1 adipocytes
treated with the mixed compounds of tangerine peel extract
(C) and guarana extract (P). Vehicle (DMEM 200 pL/mL), Con
(MDI DMEM 200 pL/mL), C10 (MDI DMEM 180puL/mL + C
20 pL/mL), C9:P1 (MDI DMEM 180 pL/mL + C 18 pL/mL +
P 2 pL/mL), C5:P5 (MDI DMEM 180 pL/mL + C 10 pL/mL +
P 10 pL/mL), P10 (MDI DMEM 180 uL/mL + P 20 uL/mL).

* . significantly from the Con group (P<0.05).

#: significantly from the C9:P1 and C10 (P<0.05).

Vehicle Control

Flg 5. Macroscoplc observatlon of 3T3-L1 adlpocytes treated
with the mixed compounds of tangerine peel extract (C) and
guarana extract (P). 3T3-L1 cells were cultured in the presence
or absence of MDI for 8 days and then stained with Oil red O
(% 40). Vehicle (DMEM 200 pL/mL), Con (MDI DMEM 200
puL/mL), C10 (MDI DMEM 180uL/mL + C 20 pL/mL), C9:P1
(MDI DMEM 180 pL/mL + C 18 pL/mL + P 2 pL/mL), C5:P5
(MDI DMEM 180 pL/mL + C 10 pL/mL + P 10 uL/mL), P10
(MDI DMEM 180 pL/mL + P 20 pL/mL).
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