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Comparative effect of dietary borage oil and safflower oil on anti-proliferation and
ceramide metabolism in the epidermis of essential fatty acid deficient guinea pigs*
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Department of Medical Nutrition, Graduate School of East-West Medical Science, Kyung Hee University, Gyeonggi 446-701, Korea

ABSTRACT

Purpose: Borage oil (BO) and safflower oil (SO) are efficacious in reversing epidermal hyperproliferation, which is caused
by the disruption of epidermal barrier, In this study, we compared the antiproliferative effect of dietary BO and SO. Altered
metabolism of ceramide (Cer), the major lipid of epidermal barrier, was further determined by measurement of epidermal
levels of individual Cer, glucosylceramide (GlcCer), and sphingomyelin (SM) species, and protein expression of Cer
metabolizing enzymes, Methods: Epidermal hyperproliferation was induced in guinea pigs by a hydrogenated coconut diet
(HCO) for 8 weeks, Subsequently, animals were fed diets of either BO (group HCO + BO) or SO (group HCO + SO) for 2
weeks, As controls, animals were fed BO (group BO) or HCO (group HCO) diets for 10 weeks, Results: Epidermal
hyperproliferation was reversed in groups HCO + BO (67.6% of group HCO) and HCO + SO (84.5% of group HCO),
Epidermal levels of Cer1/2, GlcCer—A/B, and P—glucocerebrosidase (GCase), an enzyme of GlcCer hydrolysis for Cer
generation, were higher in group HCO + BO than in group HCO, and increased to levels similar to those of group BO, In
addition, epidermal levels of SM1, serine palmitoyltransferase (SPT), and acidic sphingomyelinase (aSMase), enzymes of de
novo Cer synthesis and SM hydrolysis for Cer generation, but not of Cer3—7, were higher in group HCO + BO than in group
HCO. Despite an increase of SPT and aSMase in group HCO + SO to levels higher than in group HCO, epidermal levels of
Cerl—7, GlcCer—A/B, and GCase were similar in these two groups. Notably, acidic ceramidase, an enzyme of Cer
degradation, was highly expressed in group HCO + SO, Epidermal levels of GlcCer—C/D and SM—2/3 did not differ among
groups, Conclusion: Dietary BO was more prominent for reversing epidermal hyperproliferation by enhancing Cer
metabolism with increased levels of Cer1/2, GlcCer—A/B, and SM1 species, and of GCase proteins,
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Table 1. Compositions of experimental diets

N Experimental diets')
Composition

BO HCO SO
(9/kg dry diet)

Hydrogenate coconut ail'! 40.00
Triolein') 20.00
Borage oil'! 60.00
Safflower oil'! 60.00
Casein? 300.00 300.00 300.00
Cornstarch? 257.98 257.98 257.98
Sucrose® 100.00 100.00 100.00
Cellulose™ 130.00 130.00 130.00
Mineral mix?! 60.00 60.00 60.00
Vitamin mix?! 40.00 40.00 40.00
Agar’) 20.00 20.00 20.00
DL-Methionine 2.00 2.00 2.00
Potassium Acetate 25.00 25.00 25.00
Magnesium Oxide 5.00 5.00 5.00
Zinc carbonate 0.02 0.02 0.02

1) Group BO: borage oil (BO) diet for 10 wks, Group HCO: hydro-
genated coconut oil (HCO) diet for 10 wks, Group HCO + BO and
HCO + SO: HCO diet for 8 wks followed by feeding BO diet (group
HCO + BO) or safflower oil (SO) diet (group HCO + SO) for 2 wks

2) Kyungdong (Sungbookgu, Seoul, Korea) 3) Cheiliedang
(Seoul, Korea)  4) Sigma, St. Louis, MO 5) Briggs chick salt mix-
ture A, contained in (g/kg) mix: CaCO,, 250; C03(PO4)2~5HQO,
233; CuSO, - H,0O, 0.3; ferric citrate - 5H,0, 6.7; MgSO, - 7H,0, 83.3;
MnSO, - 4H,0O, 7.0; KI, 0.7; KoHPO, 150; NaCl, 146.7; Na,HPO,,
121.7; InCQO;, 0.3; ICN Biomedicals, Aurora, OH  6) Vitamin mix
provided the following (mg/kg) of the complete diet: D-o-
tocopherol, 134; L-ascorbic acid, 1,800; choline chloride, 30,000;
D-calcium panththenate, 120; inositol, 200; menadione, 90; nia-
cin, 180; p-amino-benzoic acid, 200; pyridoxine HCL, 40; ribofla-
vin, 40; thiamin HCL, 40; retinyl acetate, 10.8; biotin, 0.8; folic acid,
3.6; cyanocobalamin, 0.054; ICN Biomedicals, Aurora, OH  7) BD
Biosciences (Sparks, MD)
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Table 2. Fatty acid composition of dietary oils”

Fatty acid? BOY HCO? SO%
8:0 — 7.1 -
10:0 - 6.5 -
12:0 — 51.2 -
14:0 — 17.5 -
16:0 8.7 8.8 6.5
18:0 3.6 7.1 3
18:1(n-9) 16.6 - 11
18:2(n-6) 36.2 - 78.4
18:3(n-6) 22.3 — —
1) Data are measured in mg/100mg total fatty acids.  2) Only
the major fatty acids are listed. 3) BO: borage oil  4) HCO:

hydrogenated coconut oil  5) SO: safflower oil
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Fig. 1. Effect of dietary oils on epidermal proliferation in guinec
pigs. (A) Histological appearance of epidermal proliferation ir
control guinea pigs fed the borage oil (BO) diet for 10 wks (groug
BO), and essential fatty acid (EFA) deficient guinea pigs fed the
hydrogenated coconut oil (HCO) diet for 10 wks or 8 wks followec
by feeding BO diet (group HCO + BO) or safflower oil (SO) die’
(group HCO + SO) for 2 wks. Arrows indicate that the bottom laye
of epidermis and epidermal proliferation is correlated with epider-
mal thickness from the arrow to the top. (B) Epidermal proliferatior
of guinea pigs fed different diets as indicated in A. Values are
mean = SEM (n = 4). Means with different letters indicate significan:
differences at p <0.05 levels by one-way ANOVA and Tukey's hon:
estly significant difference (HSD) post hoc test.
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Table 3. Levels of ceramide, glucosylceramide and sphingomyelin species

Dietary groups'
Lipid classes?
BO HCO HCO +BO HCO + SO

Ceramide (Cer) ng lipid / ug protein

Total Cer 53.441.75%3 27.6+4.33° 52.3+0.329 24.7+1.13°

Cer1/2 35.6%2.96° 159+2.17° 33.1£4.01¢ 19.4+1.02°

Cer3/4 11.9+0.479b 9.7 £2.97%° 16.9+3.349 4.4+ 0.66°

Cer 5/6/7 5.941.38° 2.0%0.46° 2.340.58° 0.8+0.41°
Glucosylceramide (GlcCer)

Total GlcCer 24.1£1.079 18.1£1.97° 29.6+2.77° 16.6+1.61°

GlcCer-A/B 5.2+0.20° 1.8+0.90° 5.1+0.69° 0.7£0.23°

GlcCer-C/D 18.9+1.119 16.3+2.18° 24.5+2.98% 15,9 +1.58%
Sphingomyelin (SM)

Total SM 20.8+1.71° 16.4%2.02° 24.5+0.549 23.6%4.129

SM 1 6.8+0.76%° 4.6+1.66° 9.6+1.22° 8.1+0.56%°

SM2/3 140+0.95° 11.7 £0.38° 14.9£1.42° 15.6 £3.80°

1) Control guinea pigs fed the borage oil (BO) diet for 10 wks (group BO), and essential fatty acid (EFA) deficient guinea pigs fed the
hydrogenated coconut oil (HCO) diet for 10 wks or 8 wks followed by feeding BO diet (group HCO + BO) or safflower oil (SO) diet (group

HCO +SO) for 2 wks.

matography (HPTLC).  3) Values are mean + SEM (n = 4).

2) Individual species of Cerl-7, GlcCer-A/B/C/D or SM1-3 were fractionated by high-performance thin layer chro-

P Means with different letters in the same row indicate significant differences (p < 0.05) using one way ANOVA and Tukey's honestly sig-

nificant difference (HSD) post hoc test.

ZF 2 GlcCer-A/BY] & HCOT-I} H]S=3)k 4=F0]]th
GlcCer-C/DY] ke 7719 §9)A¢1 ztol7b gisith.
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HCO + BOTol| A dA]3] 57813t
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¥ #FAe] f=d! 7|Uyaels GLA F9 #A B

A 2 LA 59 521 3t 2] 350] 319 5
2] o) & Cer A}l PX)= EHZ vl wapieh 142
HCOwllA tiEZQ] B33} A 29374 19
o) HF2)0]80 FrH g0l FAH U, 3 T3] Cer
9} Cer A4 T8 ATEAQ* GleCerd] o] 7hAas}
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Fig. 2. Altered expression of ceramide metabolic enzymes in control guinea pigs fed the borage oil (BO) diet for 10 wks (group BO), and
essential fatty acid (EFA) deficient guinea pigs fed the hydrogenated coconut oil (HCO) diet for 10 wks or 8 wks followed by feeding BO
diet (group HCO + BO) or safflower oil (SO) diet (group HCO + SO) for 2 wks. (A) Representative expressions of serine palmitoyltransferase
(SPT), B-glucocerebrosidase (GCase), acid sphingomyelinase (aSMase) and acid ceramidase (aCDase) in epidermis of guinea pigs.
Protein extracts (15 ug each) from groups BO, HCO, HCO + BO and HCO + SO were subjected to 8% sodium dodecylsulfate-polyacryl-
amide gel electrophoresis and immunoblotted with polyclonal antiserum against SPT (55 kDa), GCase (60 kDa), aSMase (75 kDa) or
aCDase (55 kDa) and with actin (Santa Cruz, CA). (B) The signal intensities from multiple experiments of (A) were quantified, and the
integrated areas were normalized, first to the corresponding value of actin and then to the signal observed in the normal control group
(group BO). Values are mean + SEM (n = 4). Means with different letters indicate significant differences at p < 0.05 levels by one-way
ANOVA and Tukey's honestly significant difference (HSD) post hoc test. p <0.01(**) between groups by unpaired Student’s t-test.
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