J Korean Med ci 2005; 20: 267-72
ISSN 1011-8934

Antioxidant Vitamins and Lipid Peroxidation in
Intraepithelial Neoplasia

The purpose of this study was to investigate the implications of dietary intake and
the level of plasma antioxidant, lipid peroxidation, and antioxidant capacity in Kore-
an women with cervical intraepithelial neoplasia (CIN). From October 2002 to
March 2003, 58 patients diagnosed with CIN (confirmed with colposcopy directed
biopsy) and 86 patients without any cervical disease as control group were enrolled
in the study at the Department of Gynecology cancer center at Samsung Cheil
Hospital. The intake of antioxidant vitamins in both groups exceeded the amount
recommended by the Korea RDA, 7th edition. The plasma concentration of Vitamin
C was significantly lower in the CIN group (0.36 mg/dL) than in the control group
(0.48 mg/dL) (p<0.05). The two groups showed similar plasma concentrations of
B-carotene, ¢-tocopherol, and retinol. The average concentration of malondialde-
hydes in the CIN group, 7.23 mmol/mL, was significantly higher than in the control
group, 5.18 mmol/mL (p<0.01). The total radical trapping antioxidant potential con-
centration of plasma was significantly higher in the CIN group (1.15 mM) than in
the control group (1.25 mM) (p<0.05). These results suggest that there is a possi-
ble correlation between cervical intraepithelial neoplastic processes and changes
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INTRODUCTION

Cervical cancer is a critical healthcare problem throughout
the world and is the foremost common cancer in women,
ranking first in Korea when cases with carcinoma in situ are
included (1-3). Invasive cervical cancers were once a leading
cause of cancer-related deaths in the United States; however,
they are now relatively uncommon. This change was attribut-
ed to the adoption of organized cytological screening (4).

Important epidemiological risk factors that contribute in
the development of cervical intraepithelial neoplasia (CIN)
and invasive cancer of the cervix are identified as follows:
first sexual intercourse at early age, use of oral contraceptive
pills, sexual promiscuity, cigarette smoking, and human papil-
lomavirus (HPV) infection (4, 5). Many epidemiological stud-
ies and laboratory investigations revealed that nutritional fac-
tors may play an important role in the development and pro-
gression of cervical cancer. Demonstrating the relative impor-
tance of various nutrients and dietary constituents associated
with cancer risk presents many challenges because of potential
interaction between these factors and other etiologic factors.

Reactive oxygen species (ROS) produced by multiple fac-
tors have been implicated in multi-step carcinogenesis. Exces-
sive levels of reactive aldehydes such as malondialdehydes
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(MDA), a product of lipid peroxidation initiated by ROS,
could alter the cellular function and lead to cancer forma-
tion (6-12).

However, the toxic effects of ROS are protected by the endo-
genous antioxidant defense system such as antioxidant vita-
mins, minerals, and antioxidant enzymes as well as inhibitors
of the neoplastic process.

The nutritional etiology of cervical neoplasia in clude low
dietary intake of vitamin C, carotenoids, vitamin E, and folate.
For example, Nagata et al. (13) reported a case-control study
that suggested the role of plasma 3-carotene in preventing
cervical cancer in Japan.

Many epidemiological and analytical studies have been con-
ducted to investigate the relationship between antioxidant
nutrients and cervical cancer (14-17). However, clinical studies
in this field are very limited in Korea. The only study in the
literature was a report by Kim et al. (18) on the relationship
between oxidative stress increase and changes in the antioxi-
dant system in Korean women.

The purpose of this study was to investigate the implica-
tions of antioxidant vitamin dietary intakes, plasma antioxi-
dant vitamin (retinol, 8-carotene, e-tocopherol, and vita-
min C) levels, lipid peroxidation, and antioxidant capacity
in Korean women with CIN.
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MATERIALS AND METHODS

From October 2002 to March 2003, 58 women diagnosed
with CIN (CIN group) by colposcopy-directed biopsies (pet-
formed at the Department of Gynecology cancer center at
Samsung Cheil Hospital) and 86 women without any cervi-
cal disease (control group) were enrolled in this study.

Clinical characteristics and nutrient intake

The general characteristics such as weight, height, educa-
tion, and life style and obstetric and gynecological charac-
teristics such as age of menarche, menopausal status, num-
ber of pregnancies, and number of deliveries were obtained
through questionnaires and medical records.

The foods intake was assessed through semi-quantitative
frequency questionnaires. Nutrient analyses were carried out
by using a computerized system (Computer Aided Nutri-
tional analysis program version 2.0, 2002, Korea Nutrition
Society).

Plasma antioxidant vitamin concentrations

Samples were processed under subdued or gold light. Plas-
ma retinol, 3-carotene, and a-tocopherol levels were mea-
sured by using high-pressure liquid chromatography (HPLC)
as described by Bieri et al. (19). Operational conditions are
shown in Table 1.

Briefly, plasma was extracted with ethanol and n-hexane
containing 0.005% A-hydroxy-toluene. After centrifugation,
the entire hexane layer was separated (syringe filter, 0.45 ym
membrane) and evaporated under nitrogen stream. Vitamin

Table 1. Operational conditions of HPLC for the determination
of retinol, 3-carotene, e-tocopherol, and Vitamin C concentra-
tions.

Instrument Waters 2690 Sperations Module

Hewlett Packard Vectra 500 series
Millennium 2010 LC (version 2.15.01)
Supelcosil LC-18, 25 cmx 4.6 mm, 5 um
(Sigma-Aldrich Co. U.S.A)
retinol & a-tocopherol

A -carotene

Vitamin C

retinol & a-tocopherol:
Methanol:Acetonitrile:H.0=25:25:1

/3-carotene:

(Ethanol:Acetonitrile=1:1)+0.1 mL diethylamine
Vitamin C:KH:PO:0.01M+PIC A regent 1ea
retinol, a-tocopherol, 2-carotene: 1.0 mL/min
Vitamin C: 0.7 mL/min

retinol & a-tocopherol: 30 min

/3-carotene & vitamin C: 20 min

retinol & a-tocopherol: 15 pL

B-carotene: 30 pL

Vitamin C: 20 uL

Column

Detector UV (280 nm)

UV (450 nm)
UV (254 nm)
Mobile phase

Flow rate
Run time

Injection volume
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C levels were measured by HPLC according to 2,4-dinitro-
phenyhydrazine methods.

Plasma total antioxidant capacity

Total radical trapping antioxidant potential (TRAP) in
terms of total antioxidant capacity (TAC) of plasma was deter-
mined by the inhibition assay method described by Rice-
Evans and Miller (20, 21). The assay was based on the reac-
tion of 2,2-azino-di-(3-ethylbenzthiazoline 6-sulfonate; ABTS)
with a catalyst (metmyoglobin) and H-O: produced radical
cation ABTS™:

HX-Fe3* +H.O: — X-{Fe** =O}+H.0:

ABTS+X-{Fe'*=0} — ABTS*+ABTS"*

where HX-Fe'* is metmyoglobin. The radical cation has
relatively stable blue-green color, which absorbs at 734 nm
of UV/VIS spectrophotometer.

TRAP levels were calculated by using Trolox calibration
curve.

Plasma lipid peroxidation
Plasma lipid peroxidation (malondialdehyde; MDA as an

indicator) was assayed by the fluorometric method described
by Buckingham (22).

Table 2. Clinical characteristics of the study subjects

Characteristics Control (n=86) CIN (n=58)
Age (yrs) 49.4+11.8* 35.7+£9.3¢
Weight (kg) 56.2+6.5 553+7.7
Height (cm) 156.7+3.9 160.2+5.1
BMI (kg/m?) 229+29 215+27
Menarche (yrs) 148+16 146+16°
Menopause

Yes 31(36.1)' 3(5.2)

No 55 (63.9) 55 (94.8)
Gravidity 34+27 28+20
Parity 20+14 1.2+0.9'
Education

<High school 64 (74.4) 34 (59.7)

>College 22 (25.6) 23(40.3)
Marital status

Unmarried 4(4.7) 6(10.3)

Married 77 (89.5) 50 (86.2)
Divorced/Separation by death 5 (5.8) 2(3.5)
Regular Exercise

Yes 44 (51.2) 16 (27.6)

No 42 (48.8) 42 (72.4)
Alcohol

Yes 43(50.0) 32(55.2)

No 43 (50.0) 26 (44.8)
Smoking

Yes 6(7.0) 7(12.1)

No 80 (93.0) 51(87.9)

*Mean=+S.D, 'Number of subjects (%), *Significantly different at p<
0.01, *Significantly different at p<0.001.
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Statistical analysis

The Statistical Analysis System (SAS 8.0) for Windows
was used for statistical analysis. One t-test sample was used
to compare the mean difference of nutrient between the CIN
group and the control group.

RESULTS
Clinical characteristics of study subjects

Table 2 shows the general characteristics and obstetrical
history of CIN and control groups. The average age of the
control group was 49.4 yr, which was significantly higher
than the CIN group, that of 35.7 yr (p<0.001). Therefore,
all the results were presented after adjustment of the age.

The average BMI (body mass index) in the CIN group,
21.5 kg/m?, was significantly lower than the control group,
22.9 kg/m? (p<0.005). There was no significant difference in
age of menarche between two groups. However, there was a
significant difference in menopause; 36.1% of the subjects
in the control group were in menopause, which was signifi-
cantly higher than 5.2% in the CIN group (p<0.001).

The control group had more pregnancies and deliveries than

Table 3. Macronutrients and mineral intake of control and CIN
groups

the CIN group as well. Education, marital status, drinking,
and smoking habits were similar in two groups. The control
group, although older in average than the CIN group, per-
formed more regular physical exercises than the CIN group
(only 27.6% doing regular physical exercises).

Nutrient intakes

Table 3 shows the average nutrient intakes of the CIN
group and control group. The energy intake in the CIN group
(1,865.3 kcal) was higher than in the control group (1,671.9
kcal); however, the difference was not statistically significant.

Without age adjustment, the intakes of total protein, ani-
mal protein, animal fat, retinol, and niacin in the CIN group
were significantly higher than in the control group, while
other nutrient intakes showed no difference. After age adjust-
ment, there was no statistically significant difference in nutri-
ent intakes between the two groups.

Mineral and antioxidant vitamin intakes in both CIN and
control groups exceeded the Recommended Dietary Allow-
ances for Korea (7th edition, 2002). The fat calorie ratios,
32.4% in the CIN group and 30.5% in the control group,
were higher than the recommended lipid ratio of 20-25%;
and the ratio of animal fat to plant fat, 1.45-1.60:1, was rel-
atively high.

Plasma levels of antioxidant vitamins

Plasma antioxidant vitamin concentrations in CIN and

Nutrients Control (1=86)  CIN (n=58) Crude adﬁgteed control groups are shown in Table 4. The average vitamin C
pvalue pvalue concentration in the control group was 0.48 mg/dL, which
Ererg (koa) 1671924894 1865357067 0073 0388 is significantly higher than 0.36 mg/dL in the CIN group
y , 9+ . ; 3+ X X . .o

Carbohydrate () 21914685 95041978 0488 0.140 (p<0.01). Both CIN aqd control groups showed similar aver-

Protein (@ 8454229 9584346 0031 079 age plasma concentrations of 3-carotene, 40.98 pg/dL and
Animal () 47.9+151 5884216 0001 0.491 40.57 ug/dL, respectively. The average a-tocopherol levels
Plant (@ 366%100 370+143 0867 0.115 of CIN and control groups were 7.31 yg/mL and 7.41 pig/mL,

Fat (@) 567+187 6721255 0009 0961 respectively. The average plasma retinol concentration in the
Animal - (g)  336+11.1 41.2+159 0002 0620 control group was 57.85 ug/dL, slightly higher than 54.36
PIapt (@ 231+92 259+10.7 = 0095 0451 pg/dL of in the CIN group, but without statistical signifi-

Calcium (mg) 6155+178.6 631.7+2329 0.656 0.500

Phosphorus (mg) 1,205.0+302.0 1,278.3+480.3 0305 0.474 cance.

Na (mg) 5,627.1+1,619.9 6,314.34+2,372.1 0.057 0.925 Table 4. Plasma antioxidant vitamin levels in control and CIN

K (mg) 3,543.0+£9235 3,6288+1,37550.679 0.306 groups

Fe (mg) 16.0+43 170467 0275 0677

Zn (mg)  88+23 97435 0013 0501 Crude 198

Vitamin A (ugRE) 701842416 770142825 0123 0922 Control (n=86)  CIN(n=58) -}, 2Clusted

Retinol (ug) 1024+418  1249+547 0010 0625 pvalue

B-Carotene (ug) 3,069.9+1,153.9 3,05634+988.4 0.972 0.151 Vitamin C 0.48+0.36* 0.36+0.20 0.009 0.008

VitaminB1 (mg)  1.3%04 15405 0108 0.339 (mg/dL) (0.02-1.42) (0.06-0.84)

Vitamin B2 (mg) 1.5+04 1.6+0.6 0.095 0.740 A -Carotene 40.98+25.74 4057+1522 0906  0.277

VitaminB6 (mg)  3.0+0.8 31+£12 0334 0366 (ugldL) (1497-119.55)  (11.77-67.19)

Niacin (mg) 17.7£50 20676 0.011 0.922 a-Tocopherol 7.31£3.61 7.41£2.09 0.823 0557

ViaminC  (mg) 169.5+64.1 16254725 0542 0.100 (ug/mlL) (1.56-18.69) (2.20-13.90)

Folate (ug) 2919771 305.6+113.3 0425 0.678 Retinol 57.85+31.73 54.36+1894 0411 0.630

VitaminE  (mg) 125+48 140462 0121 0563 (ug/dL) (4.16-14001)  (21.64-78.56)

*Mean=+S.D. *Mean=+S.D.
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Table 5. Plasma concentrations of malonaldehyde (MDA) and
total antioxidant capacity (TAC) in control and CIN groups

Crude Age
Control (n=86) CIN (n=58) adjusted
p value
p value
MDA (mmol/mL) 5.18+2.58* 7.23+342 <0.001 0.002
(0.94-9.17) (2.69-14.63)
TAC (mM) 1.25+0.15 1.15+0.17 <0001  0.011
(0.71-1.58) (0.81-1.50)
*Mean=S.D.

Plasma levels of lipid peroxidation and total antioxidant
capacity

We measured the lipid peroxidation caused by oxidant
stress in terms of plasma malondialdehydes (MDA) concen-
tration, the peroxidant. The average plasma concentration
of MDA in the CIN group was 7.23 mM/mL, which was
significantly higher than 5.18 mM/mL in the control group
(p<0.01) (Table 5).

On the contrary, the average antioxidant capacity of plas-
ma was 1.25 mM in the control group, significantly higher
than 1.15 mM in the CIN group (9<0.05).

DISCUSSION

The BMI in the CIN group was lower than that in the con-
trol group possibly due to the higher average age of the con-
trol group (49.4 yr). HPV infection and smoking (non-dietary
factors of cervical cancer) were suggested (4) as risk factors,
but only 7% of the control group and 12% of the CIN group
were smokers in our study. There was no significant differ-
ence in smoking habit between the two groups.

Balanced total fat intake is crucial since the increased intake
of animal fat leads to increased lipid intake, which results in
the increase of saturated fat and energy density. Dietary fat
was the most widely studied dietary factor in relation to the
onset of cancer. Based on the amount and the kind of lipid
fatty acid, lipid intake has different effects on the onset of
cancer. A retrospective study (23) showed that the increase
in animal fat intake increased the risk of colon cancer and
breast cancer.

Studies on the relationship between lipid intake and cervi-
cal cancer have not yet been reported. However, unbalanced
fat intake could change the fatty acid composition of cell
membrane, which can eventually cause abnormal membrane
fluidity and permeability and affect the roles of membrane
enzymes and receptors, potentially prompting the growth of
cancer cells. Therefore, suppressing lipid intake and increas-
ing antioxidant nutrient intake that could prevent lipid per-
oxidation are important.

The intake of antioxidant vitamins is known to have pre-
ventive effects on cervical cancer (15). However, the dosage
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necessary to produce the same level of effectiveness between
simple manipulated antioxidant material and antioxidants in
more complicated form, such as foods, is still controversial.

In recent studies, the plasma carotenoid concentration in
women with cervical cancer decreased significantly compared
to the control group in Korea (18). All of the CIN and con-
trol subjects enrolled in this study showed inadequate vitamin
C status: 0.48 mg/dL in the control group and 0.36 mg/dL
in the CIN group. It is difficult to assess vitamin C retrospec-
tively because the analysis process requires sensitive exami-
nation methods and the sample storage needs sophisticated
techniques.

Previous studies (8, 10) reported that the average plasma
vitamin C concentration was lower in cervical cancer patients
than in control subjects. These studies also observed signifi-
cantly lower plasma vitamin C concentrations in women with
uterine cervix inflammation, although there was no signifi-
cant variation in plasma vitamin C concentration according
to the stage of tumor. In addition, the plasma vitamin C con-
centration in the CIN group was slightly lower than in the
control group in a recent study conducted in Korea (18). It
can be concluded that vitamin C plays beneficial roles in early
immunity and/or antioxidant reaction in cervical tissue.

Lee et al. (24) reported that the average plasma 3 -carotene
concentration in the general Korean adult population was
0.23 pg/mL, while it was 0.47 pg/mL in female adults. The
average plasma j-carotene concentration in this study was
40 ug/dL with no significant difference between the two
groups. In a study by Kim et al. (18), the average plasma 3-
carotene concentration in cervical neoplasia patients was 36.20
ug/dL, lower than 49.59 ug/dL in control group. Melissa et
al. (25) also reported that the average plasma S -carotene con-
centration in the CIN group was usually lower than in the
control group. Moreover, the concentration was significantly
lower in women with a more advanced tumor status. Since
it is known that 2 -carotene affects cell division processes and
prevents abnormal cell development, an adequate amount of
B-carotene is important (6) in maintaining healthy tissue.

The average plasma a-tocopherol concentration in women
with cervical neoplasia was 6.28 ug/mL (18), significantly
lower than 7.62 ug/mL in this control group. In other case-
control study (9), women with cervical neoplasia had a lower
plasma e-tocopherol concentration than control women. How-
ever, a study (26) performed in Latin America did not found
the effect of a-tocopherol on cervical cancer, nor a cohort study
(27) conducted in Washington D.C. of the United States. In
this study, the plasma ¢-tocopherol concentration was not
different CIN and control groups.

The average plasma retinol concentrations in this study
were lower than the average concentration (63.1 yg/mL) pre-
viously reported in Korean female adults (28). Since the role
of vitamin A in cellular division is well known, the effects
of retinol on the prevention and treacment of cervical neo-
plasia have drawn great attention (25, 26, 28, 29). However,
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case-control studies found no significant relationship between
cervical neoplasia and total vitamin A intake (25, 26). More-
over, cohort study (30) found no effects of plasma retinol on
cervical cancer.

In this study, the MDA concentration was a following lower
in the CIN group than in the control group. This suggests
degeneration in the antioxidative system and overproduction
of peroxidant. Kim et al. (18) also reported that the plasma
MDA concentration in women with CIN was higher (5.96
mmol/mL) than in control subjects (3.02 mmol/mL).

The concentration of each antioxidative nutrient can be
measured by different methods, but recently developed TRAP
by Miller et al. (21) is now widely used to analyze total antioxi-
dant capacity. Kim et al. (31) reported that plasma TRAP
concentration in patients with CIN (1.16 mM) was signifi-
cantly higher than in cancer patients (1.03 mM). Our data
support this finding. In terms of plasma MDA and TRAP
concentrations, the index of total antioxidative effect, changes
in antioxidative system and oxidative stress are thought to
affect the development and progression of CIN.

While there are a number of previous studies on analysis
of plasma concentration of vitamins with antioxidative effects,
reports on peroxidant accumulation or total antioxidant capaci-
ty are limited. Furthermore, clinical nutritional sudies on
cervical neoplasia in Korean women have been rare.

Systemically cooperative researches between clinical area of
Gynecology and Obstetrics and clinical nutrition are needed
to elucidate the role of antioxidative nutrients on nutrition-
al condition of the body and the development and progres-
sion of cervical neoplasia, and ultimately to establish nutri-
tional guidelines to prevent CIN and cancer.
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