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Fatty acid analysis and regulatory effects of citron (Citrus junos Sieb. ex
TANAKA) seed oil on nitric oxide production, lipid accumulation, and leptin
secretion”
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ABSTRACT

Purpose: Citron seed oil (CSO) has been reported to have high antioxidant activity. However, the composition and other
biologically activities of CSO have not been reported. In this study, we confirmed the fatty acid composition of CSO, which
may be beneficial to vascular disease and obesity. Methods: We investigated the oil composition of CSO using gas
chromatography coupled with mass spectrometry (GC—MS) analysis, and cytotoxicity was confirmed by Cell Counting Kit—
8 (CCK—8) assay. Nitric oxide (NO) production in human umbilical vein endothelial cells (HUVECSs) was measured using
Griess reagent, and lipid accumulation and leptin secretion in 3T3—L1 cells were measured by Oil-Red O staining and
commercial ELISA kit, respectively. Results: GC—MS analysis indicated that CSO contains several components, including
linoleic acid, oleic acid, palmitic acid, stearic acid, linolenic acid, palmitoleic acid, and arachidic acid. In physiological
activity analysis, CSO did not induce cytotoxic effects in HUVECs and 3T3—L1 cells. Further, CSO significantly induced
nitric oxide and leptin secretion as well as inhibited lipid accumulation. Conclusion: CSO increased NO release, inhibited
lipid accumulation, and induced leptin secretion, suggesting it may be useful for the management of vessels and weight
gain. Although further studies are required to investigate the safety and mechanism of action of CSO, our results show
that the composition and physiological activity of CSO are sufficient for its use as functional edible oil.
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SR (CSO) M=

SARG (CSO)= 54 550 goll n-hexan 700 ml& =3}
Z 308 Zol xoul 2&35la U2 4AIZE WA A &
045 um filter= ojatsto] e} F=3atko] rsgict

CS09| 3T3-L1 M|=0f Cist =M

CSO9] ArEEAJ-& Cell Counting Kit (CCK)-8 (Dojindo
Laboratories, Kumamoto, Japan)Z 3 2H1sdch” i)
A|2E£2] NO HH]=F =42 $13F Human umbilical vein endo-
thelial cells (HUVECs)Z} A|W<43} leptin w0 4
213} 3T3-L12] B3} A N EZE Fh=bA|323238) (Korean Cell
Line Bank, Seoul, Korea) 2. 25E| HoF wro} 717} 96 wello|)
1.5x10° cell/well@ 3¢t - 24A17F 22AZILt FBS7}
H71=|R] ok wiR]o A CSOE 0.01~04 mg/mle] FE==2 A
2fsto] 24A17F -59F 37CollA e SFATE 24A1F - vigFS
ol ¥iA] (200 pl)oll CCK-8 reagentE 20 pl¥ 7Fall5al 34
7t &9F 37°CollA kgt & microplate reader (ELS0S:
BioTek, Winooski, USA)Z 450 nmo|A SF=E S4351%
okt (control) 9] S35 Fhs 7102 Al Z 54 vl
shoiet

CS09| x|t 2A

H]

4N

GC 48 A=

GC &A1& )3 CSO AE9] fatty acid methyl esterSh=
Watkins 5222] ¥H& ]85}tk CSO 25 mge cap-tube
o] A=l 0.5 N methanolic NaOH 1.5 ml-& 713t 5 <F
100T Y] s|HEFNA 5T 7FEEI A4 FAld= E
gl ejAeto] =9 ¢fo] Hof H3lg o] S XA
71t} 7HEE A BEE 30~40T 9] &4 oA 1~287T Yzle
Algof 2 93l 14% BF-methanol (Supelco Inc,
bellefonte, PA, USA) 2 mI& 7}3t 3 vortexsto] 53] &3+
Skal oF 100T 3|FESolA oF 287 71ggtt} o] % 30~
40T 84 ol A 1287t WA|sto] 2PAs] Wzt At W2k
= CSOe] Isooctane 2 mle} &40l = & S=517]¢]
3l saturated NaCl 1 mlE 7}s}al, o] 53] vortexsto]
1287t AR ] 4SHS 3451l sodium sulfateE ©|
|3} ojuf, Bh= 3 ¥ gas chromatography (Agilent 6890N
GC/FID, China)& £4 3}9ict.
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Table 1. Analysis condition of GC and GC/MSD

Condition
ltem
GC GC/MSD
Column Supelco SP-2560 (US) Supelco SP-2560 (US)
(100 m x 0.25 mm 1.D, 0.20 um film) (100 m x 0.25 mm 1.D, 0.20 um film)
Detector FID, 260C -
Oven 100C (3 min) — 3T /min — 240C (20 min) 100C (3 min) — 3T /min — 240T (15 min)
Injector 225T 240C
Split ratio 100 : 1 10:1
Injection volume Tul 0.2 ul
Mobile phase He, 0.8 ml/min He, 0.75 ml/min

A|HPAFPo|| 7123}+0] gas chromatography S ©]-&3Fo] |4}
Abg EASHIT AP 38002 xkabEol AH 25
(37%) 5% FAME Mix C4-C24 (Supelco Inc, bellefonte,
PA, USA) 100 mg< isooctane 1 mloll o] ZA|5}5t) #|
HEALO] AeES 93] gas chromatography (Agilent 6890N
GC/FID, Agilent Technologies, Beijing, China)E ©]-8-3}
Fom At 3750 MEE A BRlsk] ffs GC/MSD
(Agilent 5975C, Agilent Technologies, Santa Clara, CA, USA)
= o] &3tk CSO+= standard fatty acid mix®] retardation
times 7|0 82 A4S FRE, AAE S YR EE
£4] undecanoic acid& 7|2 0.2 A4S o BA %7

Table 137} Zt}

HUVECs®?| Nitric oxide (NO) &X

CSO%] NO HH[ZFS Griess ReagentE ©]-8-51%] Zhang
Sl0o] wielo) what gelslgct HUVECS 96-well tissue
culture plateol] 1xX10° cells/well2 100 ul¥ -5} 24A|7¢
Fet jFEt = FBS7F 71 A] o2 ujx]o]l s e A%
gk CSOL} TNF-a (100 ng/mDE Aol A2gt & 24417k
=0} 37 oA vk S}tk 24417k 3 wjeF3ol vlj<] 100 ul
of| F5F2] Griess Al9FS Fol 1027t ¥H-&-AIZ] - ELISA mi-
croplate reader (EL808; BidTek, Winooski, USA)E 0] &35
o] 540 nmOllA FBEE S5
3T3-L1 X=X £H

3T3-LIAIE 23} 9 o WE o]
45ho] £3Y5FTE 3T3-LIMZE 10% calf serum E3}
}+= Dulbeccos modified Eagle’'s medium (DMEM) HjA]o]]
100 U/ml penicillin®} 100 ug/ml streptomycin= &7}5}¢
5% CO», 37 TolA v, F-AI8FATE 3T3-L1 ARPHA 2
o] 2k M|ZRO] BEE 93] 6 well plateo] 5x10° cell/
well®] M|2Z2E F5510] A2zt S8-6] Y =A sjesialal
29 & MDI (0.5 mM 3-isobutyl-1-methylxanthine (IBMX),
1 uM dexamethasone, 10 ug/ml insulin)solution®} 10%

A2 542 Oh

ol

ol

FBS& 2£3161= DMEM HiA]ol| 4] 3 F3F vijekaho 2] &
3= 7)AEE T2, 10 ug/ml insulin @ 10% FBSE Z3}5}
= DMEM HiA| 2 agksto] 3% Fet B3hE ZIgAlFTh 1
o|F &=+ 10% FBSTHE Zotsl= DMEMHAoflA] uffehe
BH] AJE f 2EAe]] ofsh A2 (lipid droplet) 4
Sl AN R Bz on, AEA Y-S Oil Red OF AF
§-3to] Flakeict”

373-L19| Leptin £H[Z &X

A|A| azof| A ] E] o] vix]of] $h- HEo] 2 ELISA
HPH-S o] g-5to] 2451k WS commercial kit (quan-
tikine & immunoassay kit, R&D System, Minneapolis, MN,
USA)oIA A|¥3H= ELISA protocol Wt Leptin 24|
7} B2kE]o] Q1= 96 well plate©]] HIA] sample 100 pl#& &
o] 1A)7H5<k vieksledt, PBS-TE 33| A3 3 100 ul<]
biotinylated rabbit anti-mouse leptin IgG (200 ng/ml)< &
AL IAIRE 57t 2ol A HjerEt & thA] PBS-TE 39 A A5t
Ak ZF wellef] 100 ul®] 3,3,5,5-Tetramethylbenzidine (TMB)
£ 9L 302 58 Ho| So7HA] Y= Aol A wESAXITE
o] ¥-3-8 well F 50 ul9] 2 M H,SO,.5 A715te 2/ 7
AlZIck HES- 28 3 microplate reader (EL80S; BicTek, Win-
ooski, USA)Z 450 nmoll4] O.D. 72 =431t} Leptin &
He-S it a) vlasko] A2l gho = vEhiigick

Az

Ao A Aojzl Aute] FAA 172402 SPSS (statitical
package for social sciences, Version 10.0, Chicago, USA)
program ©]8-5t0] HYAQ1 33] ¥hE AHZS mean+SD
2 BRI, F 2E7E] Ak unpaired two-tailed t-tests
2 BAsgon £ 05 o4 H|alt= one-way ANOVA test
%ol Duncan’s multiple range testol] 2|3l p < 0.05 =F0|A]

7} g 79 o BEIAE
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CSo2| MzZ=4
CSO% dimethyl sulfoxide (DMSO)E &2 sfof & A
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] €SO 0.01 mg/ml
160 4| 21 CSO0.05 mg/mli
I CSO 0.1 mg/ml
5 140 1| Il CsO02mg/ml
= Hl CSO 0.4 mg/ml
& 120
O
© 100 A
8
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5
2 60 1
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Fig. 1. Concentration-dependent effects of citron seed oil (CSO)
on human umbilical vein endothelial cells (HUVECs) and 3T3-L1
cell growth. A: Cytotoxicity of CSO on HUVECs. B: Cytotoxicity of
CSO on 3T3-L1. Cell viability was analyzed using the CCK-8 assay
kit. Each bar is the Mean £ $.D. from three independent experi-
ment.

FID1 A. (FAME(SAMSIG10003.D)

Foll AFgEle B CSO9 3T3-L1 Alaof o] =43
2 DMSO -&uljehs Afe]t} vlarsto] 2elsteict (Fig. 1.
HUVECs¥} 3T3-L1 A2 CSO 0.01 mg/ml, 0.05 mg/ml,
0.1 mg/ml, 0.2 mg/ml, 18]3 04 mg/ml-& F=ol Wt 2|2
sllon 25wl 04 mg/mlofA SAJo] WA= 17
U CSO Aefstel whet vjzjefl Z2]== DMSO (0.5%, 2.5%,
5%, 10%, 20%)-&- = T A2t oA CSO 544
33} £t A= Hols) 4= Qi) o= AldoA] Tk
CSO9] AL Ao] oilk obd DMSO2] s=of w2 7
A & 5= 2SIk o] AE Hpgo R o] $0] AgofA=
CSO 0.2 mg/ml &%= o|3tef|A] 4=2§a}lch

6‘
E.
g0l

CS09| fatty acid 714 24

CSOl| 75 w2 F43 23} Fig. 29} Table 201 4
2] 3t uke} 7o), 447 oleic acid 32%, linoleic acid 34%,
palmitic acid 19.2%, stearic acid 3.8%, linolenic acid 2.0%,
palmitoleic acid 0.6%, arachidic acid 0.3%7} g<¢1=|3ict

CSO x1E|01| 9|st HUVECs?| nitric oxide (NO) £H|Z¥

= Ao Eo A Eulsls tjEAQ] F3olet 1zt
01111 ﬁé?ﬂrol% 717o] & dEA Sk &2 AdoAl= CSO A
27} HUVECO|A NO2| 4]l 1]X]i= Gk viA|W NO2
’S‘T—E]:.Q. 32—16‘1—0 E/ﬂ i]—O]‘E)‘]— 2 9\)\3—1}\_9_1:[:1 T g_l,]. Flg. 3_,,]_
Zrt} TNF-02] & goll 93 NO2] #=9]| control tiH| oF
124% AR L2 FofstA s AL Bl o, TNF-a
o} Al CSOE AHefgh %9 TNF-a @EA et tiH] 0.01
mg/mlofA 1.9%, 0.05 mg/mlofA] 1% a2 A3t Ao =2
WEEI} 0.1 mg/mloA EAZ R G293 15.6%2] NO
2] Z7tgalrF #2kE9dc) 0.01 mg/mlzt 0.05 mg/mief| Al
o] Hsh= BAIZ 02 §-oJ3t 2520] oFYIA|YE 0.1 mg/ml

Fig. 2. GC chromatograms and MS
fragments of individual fatty acids
extracted from citron seed oil (CSO).
1. undecanoic acid, 2: palmitic
acid, 3: palmitoleic acid, 4: stearic
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Table 2. Fatty acid profiles of citron seed oil (CSO)

Peak . Ret fime Area
4 Name (acid methyl esters) (min) Area 7
1 Undecanoic acid methyl ester” 29.115 33.35 3.27
2 Palmitic acid methyl ester 41.618 195.51 19.16
3 Palmitoleic acid methyl ester 43.268 6.3 0.62
4 Stearic acid methyl ester 45.898 38.33 3.76
5 Oleic acid methyl ester 47.341 326.72 32.01
6 Unknown 47.5 45.71 4.48
7 Linoleic acid methyl ester 49.365 346.9 33.99
8 Arachidic acid methyl ester 49.839 2.69 0.26
9 Linolenic acid methyl ester 51.613 20.91 2.05
1) Undecanoic acid (C 11 : 0, 29.065 min) was used as a internal standard.
# *k 120
120 - . \ [] CSO0.05 mg/ml
b b @ CsO 0.1 mg/ml
00
100 =
2 g a a °
< <
8 80 - — S 80 4 T
kS] S
8 a3
5 )
‘@ 60 E
9] =)
S w0 - g 40
o k]
© o)
zZ 20
0 0
Control TNF-a TNF-0 + CSO Control CSO
[] CSO0.01 mg/ml  [JCSO 0.05mg/ml [ CSO 0.1 mg/ml Fig. 4. Citron seed oil (CSO) inhibits lipid accumulation in 3T3-L1

Fig. 3. Effect of citron seed oil (CSO) on nitric oxide (NO) secre-
fion in HUVACs. Reductions of NO by TNF-a were recovered by
CSO (0.1 mg/ml) treatment. Results are presented as Mean +
S.D. of three independent experiments. #: p < 0.05, *: p <0.01
as compared to the TNF-a (100 ng/ml), different letters on the
bars (a and b) indicate significant differences (p < 0.05) by Dun-
can's multiple range test.

oA= TAR SR o5t =529 NO &+ /IAaatE o3
3k 4= 919, Duncan's multiple range testE &3l CSO 0.1
mg/ml A7) NO EH|&Fo] control 25 (FAI% H = 3]
&= AE gl o] 235 F3ll CSO7F TNF-ao] 2
2 Fo|2hRIXkQl NO #8| A2 Asighe =4 datd

&
gl mird & 7 Shee HAY = A%k

CSO Az|of oIt X|uE =2t Het 52X

CSO A&7} 3T3-L1 adipocyte®] A|4Z24-S Aupt A3
3 4= 914 Oil Red O staining 53 gty 1 4
7= Fig. 49} 2t Preadipocyteoll A adipocyte® £} ¢
25 control 123} adipocyte®] CSO 0.05 mg/ml, 0.1 mg/
mb& A2]gt 552 Blagh 23} control (100%) thH] oF 27.5%,

cells. Adipocytes were incubated with two concentrations (0.05
and 0.1 mg/ml) of CSO and lipid accumulation was determined
by Oil Red O staining. Results are presented as Mean + S.D. of
three independent experiments. **: p < 0.01 as compared to
the control by unpaired two-tailed t-tests.

15.1%2] A g4 AR a3t =Sk

CS02| leptin 2H|7x 1t

B Ao A= 3T3-LIAIZES ©]8-3Fe] CSO 0.05 mg/ml,
0.1 mg/ml& A2|a}9S uf £48|== leptin®] =S vHA|
oA A5t on 11 Axt= Fig 5¢F Zth B4 leptin
9] gt APA|ZE ST &EH controlit (100%)HH] CSO
0.05 mg/mlellA 144.5%, CSO 0.1 mg/mlellA 138.3%= <7}

Shiz 202 Bl 4 Ik

o #

b TRe] u)R Qo) A5 5 715AFO R K]
A ol g7 Al ]| ek et fa] Al
shabgel A  Fa0) oF 15%°) ol FANE thaiit o
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160

[ CSO 0.05 mg/ml ok
[ CsO0.1 mg/ml

140

120

100

80

60

Leptin secretion (% of control)

40 -

20 A

0
Control CSO

Fig. 5. Citron seed oil (CSO) induces leptin secretion in 373-L1
cells. Adipocytes were incubated with two concentrations (0.05
and 0.1 mg/ml) of CSO. Leptin secretion was determined by
enzyme-linked immunosorbent assay (ELISA). Results are present-
ed as Mean £ S.D. of three independent experiments. ##*. p <
0.001 as compared to the control by unpaired two-tailed t-tests.

7% 21 7)53t 2ol thetdlt = mmfRk AAolok oo &
AtE AR R EE 7|84 ES = (Citron seed oil, CSO)
slo] AHARS: B A5 A2 © 2= HUVECs2] Ni-
tric oxide 4], 3T3-L1 AJ2£2] %2 =4, Leptin &H|F
& hlgko=H CSO 7150 Hat 7|2 ARE Sug) 5
Alefl 21 B-87bs/de HESLAL RS A3t
CSO9] fatty acid AJPAHEAL [ ee 5°3} Jeong 572 &
o] 9JHH oleic acid 27.7~37.3%, linoleic acid 33~36.5%,
palmitic acid 16.5~20.1%, stearic acid 4.4~11%, linolenic acid
1.5~17%% ZAVES =] & A8 Axfo)| A= oleic acid 32%,
linoleic acid 34%, palmitic acid 19.2%, stearic acid 3.8%,
linolenic acid 2.0%, palmitoleic acid 0.6%, arachidic acid
0.3%% S-AFsFA 2™ oleic acid®} linoleic acid7} IHF &}
A|SFATL
NO+= EdjulAlazol A &8|E= thEAQl Evko|¢t QX
o]y NO-cGMP-PKG pathway®]l &Jg+ datolet 7]x0]
deA 9k CSOel| 98t HUVECAIS] NO EHl |
S5 3743 A3 TNF-oofl 28l #4-¥ NO2| #H5[Fe] CSO
o AE]& el F7Fet= Zlo] I CSO 0.01 mg/ml
7} 0.05 mg/ml A2]Fol|A9] NO #H|5F #Hat= F-9)3t
Z0] oFUATE 0.1 mg/mlol A= EAH o & Qo8 Szo
NO &4] 7§ a7} &91%] %1 9™, control =E7H| 3] &5
& ST 4 9Igiek, o] At CSO7H TNF-oo] 2J2
To|gkolzt NO EB|oA|ZE-S 3|EAZ o= A
Egs & 7 e AKBshE Ao, o=

570] ekl

-

i

et rlr

ol
=2

El-Mosallamy
= FolA TR A2 NO A

of

FES BT FUAYANL} FA A5 CSOE vepd
& 982 onlshe Aol CS09] YAt 71l thet
AL R} AT o e,

A

Flom x]uok_éxj‘oq]m
i‘ﬂ 1] F249] AR ar= %7}0]'3113]' 1 Ay CSOE
Z2J5HA] & controlwtd}t B w5} CSO 0.01 mg/ml A2
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