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Arctii Fructus is a Prominent Dietary Source of Linoleic Acid for
Reversing Epidermal Hyperproliferation of Guinea Pigs*

Seong, Kyunghwa" - Kim, Juyoung" - Lee, Juhie? - Park, Seongkyu® - Cho, Yunhi"®
Department of Medical Nutrition,"” Graduate School of East-West Medical Science,

Department of Pathology,” College of Medicine, Department of Prescriptionology,”
College of Oriental Medicine, Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

Linoleic acid [LA; 18 : 2 (n-6)] is the most abundant polyunsaturated fatty acid in human skin. The exclusion of
LA from diet induces epidermal hyperproliferation, which is reversible by the inclusion of LA in diet, and hence, LA is
heralded as an essential fatty acid (EFA). Since safflower oil (SO) has been widely recognized as the major dietary
source of LA and Arctii Fructus (Arctium lappa L.) is recently reported to contain high level of LA, we compared the
antiproliferative effects of SO and Arctii Fructus in this study. Epidermal hyperproliferation was induced in guinea pigs
by hydrogenated coconut oil (HCO) diet for 8 wk. During following 2 wk, EFA deficient guinea pigs were fed diets of
safflower oil (group HS), water extract of Arctii Fructus (group AW) or organic extract of Arctii Fructus (group AO).
Normal control group was fed SO containing diet (group SO) and EFA deficient group was fed HCO containing diet
(group HCO) for 10 wk. Epidermal hyperproliferation was reversed in groups AO (55.9 % of group HCO) and HS
(74.1 % of group HCO). However, the thymidine incorporation into epidermal DNA of group HS was greater than of
normal control group SO. Epidermal hyperproliferation was not reversed in group AW. The accumulations of LA into
phospholipids and ceramides, and of 13-hydroxyoctadecadienoic acid (13-HODE), the potent antiproliferative metabolite
of LA in the epidermis of group AO were greater than of group HS. In contrast, the de novo synthesis of ceramides, the
major lipids maintaining epidermal barrier, did not differ between all of groups. Together, our data demonstrate that organic
extract of Arctii Fructus is more prominent than safflower oil in reversing epidermal hyperproliferation by inducing the
higher accumulations of LA and 13-HODE in the epidermis of guinea pigs. (Korean J Nutrition 36(8): 819 ~827, 2003)
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Table 1. Diet composition of experimental groups

mEKHESEE 36(8) 819827, 2003 /821

Table 2. Fatty acid composition of dietary oils

Dietary groups

Composition SO/HS HCO AO AW
g/kg dry diet

Coconut oil' 60 60 60
Safflower oil 60
?V‘;Zergn toey? 300 300 300 300
Cornstarch? 257.98 257.98 246.23 250.48
Sucrose® 100 100 100 100
Cellulose” 130 130 130 130
Minerat mix’ 60 60 60 60
Vitamin mix® 40 40 40 40
Agar’ 20 20 20 20
DL-Methionine 2 2 2 2
Pg;‘;s(’;g’ 25 25 25 25
f\il)?(%r;esium 5 ’ 5 5 5
e orate 0.02 0.02 0.02 0.02
Extract of 1.75 75

Arctii Fructus
'The oils added were safflower (100%) for groups SO and HS, hy-
drogenated coconut oil (100%) for the groups AO, AW, and HCO
2Kyungdong. Sungbookgu, Seoul, Korea
*Cheiliedang Ltd, Seoul, Korea
*Sigma, St. Louis, MO
°Briggs chick salt mixture A, contained in (g/kg) mix: CaCOs,
250; Cas (POs), - 8HO, 233; CuSQ. - 5H,0, 0.3: feric citrate -
5H,0, 6.7 MgSO; - 7H,O, 83.3; MnSO, - 4H,0, 7.0; KI, 0.7; K:HPO,,
150; NaCl, 146.7; NaHPO.,, 121.7; ZnCOs, 0.3; ICN Biomedicals,
Aurorq, OH
*Vitamin mix provided the following (mg/kg) of complete diet:
D- a -tocopherol, 134; L-ascorbic acid, 1.800; choline chloride,
30,000; D-calcium pantothenate, 120; inositol, 200; menadione,
90; niacin, 180: p-aminobenzoic acid, 200; pyridoxine HCI, 40:
riboflavin, 40: thiamin HCI, 40; retinyl acetate, 10.8; biotin, 0.8; folic
acid, 3.6; cyanocobalamin, 0.054; ICN Biomedicals, Aurorc, OH
”Becton Dickinson, Sparks, MD

IAAANZE BY 354 S FEIV) Hbﬂ*‘]t IR FA
(hydrogenated coconut oil: HCO)Z, B ¥y 2
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Fatty acid1 SO’ HCO®
g/100 g total fatty acids
8:0 7.1
10:0 65
12:0 51.2
14:0 17.5
16:0 57 8.8
18:0 2.6 7.1
18:1n-9 14
18:2n-6 77.7

' Only the major fatty acids are listed
230: Safflower oil
*HCO: Hydrogenated coconut oil
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2) Thymidine incorporation

DNAS F7h= MX $4)9] z#o]2 2 DNAY F2&
Q! PHIThymidined ¥ ol§sto] B9 F4 A5E
2435159t 6 mm® biopsy punch® ¥3 ZA& A3
30 1X DMEM@M [°H] Thymidine (0.1 #Ci/ml 5 m)
3} g 37°ColA 3A1ZF B9t 2 kst DNAS] §
A AAE ) A4 Axo] BASAY. HEE £ 27
o] 2 ml9) 0.5 M NaOHEZ 7}8k31 95°Cellx] 3087 719
5fo} DNAE Aol #eldta 1 952 1% trichloro-
acetic acid 227} B cellulose filterel] 2 3}o] scintill-
ation counterZ A& 3319tk DNAZE #2R
folo]l = Fslo] hilz] 9kS bovine serum albu-
ming ¥%F° % 3 Bio—rad protein assayE ©]-&3lo] A
25}l37 Thymidine incorporationS [PH] Thymidine/ g

protein© 2 YERJSICH

6. Eo A 2 A AN B
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tica, Swiss) 22 #H3% § Folch £94& 0|83l =&
& FE3Y o)F A4 VAR AZRAFIL 100 p19)
Folch €99 %41 & HP-TLC (high performance thin
layer chromatograph: sillica gel 604, 200 #m thickness,
Whatman, U.S.A.) el F&ste] 11 /0¥ Chloroform:
Methanol: Acetone (76:20:4, v/v/v), 22+ 7§ Chloro-
form: Acetone: Methanol (80 : 10 : 10, v/v/v) 18]i 3
2} AN Chloroform: Ethylacetate: Ethylether: Meth-
anol (76 : 20 : 6 : 2, vV/v/V) & TATIZ o] g3t Q1A
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methyl esteri= Omegawax 320 Fused Silica Capillary
column (30 m X 0.32 mm i.d., 0.25 g£m film thickness,
Supelco, U.S.A)E #A&3t Gas chromatograph (5890
seriesII Gas chromatograph, Hewlett packard, U.S.A.)
ofl F9lsle] zt BEE ] AJukAl profile Hln EA 313
o} B4 242 250CY injector port® 260TCY de-
tector (flame ionization detector) portellA ovend] &
SE 140TE 587 fAXZ F 4C/min Bl EE 255
25 A 240TCTAA 107 B FAAZRT ©] W Helium

gas (carrier gas)+ 3 ml/min® F3#° 2 259D split
ratio= 20 : 191 24 1 p18] ABE FU3Ich
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71U 1 9] 4 cm®el RIPA buffer (20 mM Tris—
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bdate, 1% NP—40, 0.1% SDS)E 7}l polytron® 2
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i.d., Beckman, US.A))& ©|83}%] 237 nmelA #4313
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o] ¥&)+= Fig. 134 ZAth

8. MEBtolE & £

71992 ¥9) (0.5 g0& 5 ml Krebs bicarbonate bu-
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Fig. 1. A fypical chromatogram of hydroxy fafty acid standards
separated by reversed-phase high preformance liquid chroma-
tography (RP-HPLC) (HODE: hydroxyoctadecadienocic acid,
HETE: hydroxyeicosatetraenoic acid, HETE: hydroxyeicosatrie-
noic acid).
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2 (acanthosis) & YERKICT (Fig. 3).
ol BEXIAWAF AYog Q& R zAL EAHo]
& sterol esters® H}EdE A T ET] ME
) J,]._l;_s]. Zx 1 71—;‘<:]_§],7]_ 235 7] wjFolch? iz}
By #54E JARKIEH, 53
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Fig. 2. Weight gain of control guinea pigs fed safflower cil (SO)
diet for 10 wk, and EFA deficient guinea pigs fed hydrogenated
coconut oil (HCO) diet for 10 wk or for 8 wk followed by 2 wk of
feeding diefs containing safflower oil (HS), organic exfract of
Arctii Fructus (AO) or water extract of Arctii Fructus (AW), Values
are mean = SD (n=10). Means with different letters differ p<0.05.

Fig. 3. HIsTologlcoI appearance of epidermal prollfero’rlon in control guinea pigs fed safflower oil (SO) (A) diet for 10 wk, and EFA
deficient guinea pigs fed hydrogenated coconut cit (HCO) diet for 10 wk (B) or for 8 wk followed by 2 wk of feeding diets con-
taining safflower oil (HS) (C) organic extract of Arctii Fructus (AO) (D) or water extract of Arctii Fructus (AW) (E) . Arrows indicate the
sottom layer of epidermis and epidermal proliferation is correlated with the epidermal thickening from the arrow to the top. Note
acanthosis (epidermal thickening) in epidermis of group HCO.
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= %99 #EAL DNA 34 F7tel Halgs oju|sic)

Sz 7] FEFES o] 7993 (A0 9 thymi-
dine W&ol 7} Hx 1 3] AasEglon I F2 SOT
4} fAbskIEL R A d8 FEEY Aol ¥
(AWT) 9 thymidine HEE2 HCOw# fALIITh
Linoleic acid& H|538t £33} X|uhil ZF 2o ol
g} 2R BRE AFHS Joht AHo] Aojd A
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HEAe o) wuEst AT FEH o) AFA
& FoH mE SR A7) $399 Folol dapiu 3

#7] 3299 an) o P

(dpm/ug DNA)

3

("H)Thymidine incorporation
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Fig. 4. [*H] Thymidine incorporation into epidermal DNA of con-
trol guinea pigs fed safflower oil diet for 10 wk (SO), and EFA
deficient guinea pigs fed hydrogenated coconut oil diet for 10
wk (HCO) or for 8 wk followed by 2 wk of feeding diets con-
taining safflower oil (HS), organic extract of Arctii Fructus (AO)
or water extract of Arctii Fructus (AW). Values are mean + SD
(n = 10). Means with different letters differ p<0.05.

d o] Az= 2olE B3 A4 £F9 linoleic acid 7
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v 93 gtk 19 Jof ¥ A& AAA Y A=t
nfo]=2 F-E3 F linoleic acid ¥ linoleic acidolA] de-
saturation®} elongation 45 2] A% = arachidonic
acid®] &FHe Hlwsllth (Table 3). Y zxodd
SO 9] ®yjof|A Q1A A 9 Agleto)Eof H-F linoleic
aicd®] 4°5& arachidonic acidel| ¥]3l] dA3] F3koH
o] Aul= AlAe) v 71ay FE** linoleic acid7} £
o] F& w33} AR oS o HAFste] F0vk*Y HCO
oA XA} Aehfo]=ef E-3¥ linoleic aicd?] 4
=2 SOl vlal @A8] vtk wy #Eao] fid
714 310 3R} 177] 5299 Ho] Fol= (A0T) SO
T AR FECE XA Metrtol=e] tidt lino-
leic aicd®] $HI-&& S7MFETE HSTT AWTOlA 1A
At Mghte] =) it linoleic aicd®] &2 HCOY
7 fFARITE AOTellA 1A E 3} Aehtol=e] shi-d

arachidonic acid®] =& L8t 7p ko) Hukygo=
@1z A3} Alglelo) o) $-7-¥ arachidonic acid®] F50)
Wt HCOwS Algtutel= e dA8] w2 arachi-
donic acid®} & A Y3tz SO, HS, AWT 9] A

=

Table 3. Composition of linoleic acid and arachidonic acid incorporated into epidermal phospholipids and ceramides of guinea pigs'

Dietary groups’
PUFA Lipids SO HCO HS AO AW
g/ 100g total fatty acids
18:2 (n-6) pL* 12.04 + 1.53%® 486 +0.77° 8.43 + 1.65™ 1625 + 1.40° 7.16 £ 1.60™
CE 13.46 + 1.84° 1.95 + 0.98° 6.00 +0.71° 15.77 + 1.36° 3.96 + 0.48°
20: 4 (n-6) PL 4.48 + 0.58% 2.72 + 0.49° 2.97 +0.28° 6.06 £ 0.91° 4.50 + 0.69
CE 350+ 0.72% 0.76 + 0.38° 1.71 + 0.85™ 444 +0.11° 3.68 + 0.99%

"Values are mean + 3D (n = 10). Means with different letters differ p<0.05
?Control guinea pigs were fed safflower oil diet for 10 wk (group SO), and EFA deficient guinea pigs fed hydrogenated coconut oit
diet for 10 wk (group HCO) or for 8 wk followed by 2 wk of feeding diets containing safflower oil (group HS), organic exfract of Arctii

Fructus (group AQ) or water extract of Arctii Fructus (group AW)
*Data logarithmically fransformed before ANOVA
“PL: phospholipids, CE: ceramides
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Fig. 5. Altered endogenous levels of 13-HODE in the epidermis of
control guinea pigs fed safflower oil diet for 10 wk (SO), and EFA
deficient guinea pigs fed hydrogenated coconut oil diet for 10
wk (HCO) or for 8 wk followed by 2 wk of feeding diets conta-
ining safflower oil (HS), organic extract of Arctii Fructus (AQ) or
warter extract of Arctii Fructus (AW) diets. Values are mean + SD
(n = 10). Means with different letters differ p<0.05.

Fig. 6. Alteration of ceramide synthesis in the epidermis of con-
trol guinea pigs fed saffiower oit diet for 10 wk (SO), and EFA de-
ficient guinea pigs fed hydrogenated coconut oil diet for 10 wk
(HCO) or for 8 wk followed by 2 wk of feeding diets containing
safflower oil (HS), organic extract of Arctii Fructus (AO) or water
extract of Arctii Fructus (AW). Values are mean = SD (n = 10).
Means with different letters differ p<0.05.
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