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Individuals with low serum cholesterol experience 
greater than expected age-adjusted mortality from 
non-a therosclerotic diseases, including cancer, respira- 
tory and digestive illnesses, but the basis for these 
associations remains unclear. The current investiga- 
tion considered the hypothesis that hypocholes- 
terolemia is associated with reduced antioxidant 
reserve. Serum total antioxidant activity as well as con- 
centrations of vitamin E, vitamin C, and thiols were 
compared in two groups of 24 subjects distinct in both 
mean low density lipoprotein (LDL) cholesterol (2.3 v. 
4.9 mM) and mean total cholesterol (4.3 v. 7.0 mM). 
The low and high cholesterol groups were equivalent 
in gender mix, age, weight, and serum total protein. 
Results reveal that compared with the high group, the 
low cholesterol group had decreased total serum 
antioxidant activity (p < .05). Thiol concentrations 
were also lower in the low cholesterol group (p < .05). 
Group differences in serum total antioxidant activity 
and thiol concentration were larger among men than 
women. The two groups did not differ in vitamin C. 
Low cholesterol was associated with reduced absolute 
vitamin E levels, although the tocopherol: cholesterol 
ratio was the same in low and high cholesterol indi- 
viduals. These data indicate that hypocholesterolemia 
may be associated with low serum antioxidant reserve, 
possibly increasing susceptibility to oxidative stress. 

Keywords: Serum total antioxidant activity, vitamin E, vita- 
min C, thiols, cholesterol, gender 

Abbreuiations: LDL low density lipoprotein, HDL high den- 
sity lipoprotein, ESR electron spin resonance, AAPH 2,2'-azo- 
bis (2-aminodinopropane) dihydrochloride 

INTRODUCTION 

Numerous epidemiologic studies have revealed 
associations between low serum cholesterol and 
mortality from cancer, respiratory diseases, diges- 
tive diseases, and residual medical 
Low cholesterol predates death by more than 5 
years in the largest studies, and these relation- 
ships between low cholesterol and non-athero- 
sclerotic disease mortality are stronger in men 
than women. Possible biological mechanisms for 
these phenomena have not been examined. 

Free radical-induced oxidative damage, 
thought to play a role in carcinogenesis and most 
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chronic degenerative and inflammatory disease 
processe~,[~,~,~1 is offset by antioxidants, several of 
which are transported in lipoprotein particles. 
Specifically, the fat-soluble antioxidants vitamin 
E (tocopherol), beta carotene, and ubiquinol cir- 
culate in the blood stream along with cholesterol 
and triglycerides in lipoprotein particles. 
Furthermore, Smith has suggested that choles- 
terol itself may serve as an antioxidant.['] This 
preliminary communication examines the 
hypothesis that serum total antioxidant capacity 
varies as a function of serum cholesterol concen- 
tration. 

METHODS 

Subjects were 50 men and women between 25 
and 60 years of age identified for inclusion if 
they had either low low density lipoprotein 
(LDL) cholesterol (52.8 mmol/l) or high LDL 
cholesterol (24.1 mmol/l). One subject in each 
group was excluded because of overlapping 
total serum cholesterol, yielding 24 low choles- 
terol subjects and 24 high cholesterol subjects. 
Other exclusion criteria were triglyceride con- 
centration of >4.5 mmol/l, any serious illness, 
and current use of any vitamin preparation, 
antioxidant supplement, or cholesterol-lower- 
ing medication. The mean age (44 years) and 
weight (81 kg) did not differ significantly 
between the two cholesterol groups. There were 
six smokers in the low cholesterol group and 
four in the high cholesterol group; exclusion of 
smokers does not alter the findings of this 
paper. The protocol was approved by the 
Biomedical Investigational Review Board of the 
University of Pittsburgh. 

Blood samples were drawn following a 12 
hour fast and, after centrifugation and separa- 
tion, serum aliquots were analyzed for standard 
lipid fractions, or frozen at -70°C for later 
antioxidant analysis. The average time lapse 
between sample collection and freezing was 90 
minutes. 

Lipid and Protein Measurements 

Total cholesterol was determined enzymatically['01 
by means of a bichromatic autoanalyzer. High den- 
sity lipoprotein (HDL) cholesterol was determined 
after selective precipitation by heparidman- 
ganese chloride and removal by centrifugation of 
very low density and low density lipoproteins.["] 
Triglycerides were determined enzymatically 
according to the procedure of Bucolo et uI.I1'I LDL- 
C concentration was estimated using the 
Friedewald Protein concentration in 
serum samples was determined using the Bio-Rad 
Protein Assay Kit. During each assay, a standard 
curve was established using BSA. 

Chemiluminescence Measurements of Total 
Antioxidant Reserves 

A water-soluble azo-initiator, 2,2'-azobis (2- 
aminodinopropane) dihydrochloride (AAPH) 
was used to produce peroxyl radicals at a con- 
stant Oxidation of luminol by AAPH- 
derived peroxyl radicals was assayed by 
measuring the chemiluminescence using a 
Luminescence Analyzer 633 (Coral Biomedical 
Inc., San Diego, CA). Interaction of endogenous 
antioxidants in serum with AAPH-derived per- 
oxyl radicals results in a quantifiable delay in the 
chemiluminescence response. The incubation 
medium contained: 0.05 M phosphate buffer pH 
7.4 at 37"C, AAPH (50 mM), luminol (400 pM) 
and the serum sample (20~1). 

High Performance Liquid Chromatography 
(HPLC) Detection of Vitamin E (a-tocopherol) 

Extraction of a-tocopherol from serum samples 
(50~1) was performed using the procedure 
described by Lang et ~ 1 . 1 ~ ~ 1  a-Tocopherol was 
measured by HPLC using a Supelcosil LC-8 col- 
umn (3 pm, 4.6 mm x 15.9 cm, Supelco). A 
Shimadzu LC-1OA HPLC system was employed 
with an LC-10 pump and an RF-551-Fluorescence 
detector (292 nm excitation and 324 nm emis- 
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sion). The eluent was CH,OH, flowing at 1 
ml/min. Under these conditions the retention 
time for a-tocopherol was 12.0 min. The data 
acquired were exported from the RF-551 detector 
using Shimadzu EZChrom software. 

Electron Spin Resonance (ESR) Measurements 
of Water-Soluble Antioxidants 

Water-soluble antioxidants (e.g. ascorbate and 
reduced sulfhydryls) are capable of donating 
electrons to phenoxyl radicals, thus regenerat- 
ing phenols at the expense of antioxidant (AH) 
oxidation: 

Data Analysis 

Each serum measure was submitted to two-factor 
analysis of variance: cholesterol group (low or 
high), gender (male or female). Analysis of 
covariance was employed to control for the influ- 
ence of additional variables, as in analysis of thiol 
level across gender while controlling for body 
weight. When the interaction between group and 
gender was statistically significant, post hoc com- 
parisons of means were conducted using Tukey's 
HSD test.['71 Relationships between serum 
antioxidants were examined by calculating 
Pearson correlation coefficients. In all analyses, 
statistical significance was defined as p < 0.05. 

P h - 0 .  + A H  + Ph-OH + 
RESULTS 

For hindered phenols whose phenoxyl radicals 
give well-resolved ESR signals, this regeneration 
process can be followed directly by ESR spec- 
troscopy. In these measurements, the enzyme 
tyrosinase is used as a catalyst and VP-16 as a 
hindered phenol. Our previous experiments 
demonstrated that this oxidation system gener- 
ates the VP-16 phenoxyl radical, which can be 
persistently detected by its characteristic ESR sig- 
nal for 50-60 min~tes.l '~, '~l The appearance of the 
ESR signal of semidehydroascorbyl radical is 
used to quantify ascorbate activity, and thiol con- 
centration (GSH and protein sulfhydryls) is 
derived from the lag period after ascorbate con- 
sumption and before the reappearance of the 
VP-16 phenoxyl radical ESR signal. ESR mea- 
surements were performed using a JEOL-REFX- 
ESR spectrometer. Spectra of VP-16 were 
recorded at 335.5 mT-center field, 20 mW- 
power, 0.04 mT-filed modulation, 5 mT-sweep 
width, 500-receiver gain, 0.03 sec-time con- 
stant. Serum samples (5-20 pl) were added to the 
incubation medium containing VP-16 (0.7 mM) 
and tyrosinase (2.8 U/pl) and the final volume 
was adjusted to 60 pl with 0.05 M phosphate 
buffer (pH 7.4 at 25°C) containing 0.1 M NaCl 
and 100 pM DFO (time = 0). 

Table 1 provides lipid and protein concentra- 
tions, and indicates that the mean total and LDL- 
cholesterol concentrations in the low cholesterol 
group were substantially less than their high cho- 
lesterol counterparts (p's < 0.001). The two 
groups did not differ significantly in HDL-cho- 
lesterol, whereas triglycerides were slightly ele- 
vated in the high cholesterol group. Females had 
significantly greater HDL-cholesterol levels than 
males. A significant interaction between group 
and gender was noted for total cholesterol, due to 
somewhat lower cholesterol levels in men than 
women in the low group and somewhat higher 
cholesterol in men than women in the high 
group. Total protein concentration did not differ 
between the low and high subjects, or between 
men and women. 

As revealed in Table 2, total antioxidant 
reserves were lower in the low cholesterol group, 
compared with the high group. In addition, men 
had higher total antioxidant reserve than women, 
and this gender difference persisted when weight, 
age, and HDL-cholesterol were entered in analy- 
sis as covariates. While the interaction between 
group and gender was not significant, the means 
in Table 1 suggest that the group difference is due 
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TABLE I Serum Lipids and Prtein by Cholesterol Group and Gender (Mean f S.D.) 

Low Cholesterol Group High Cholesterol Group Low v. Males v. 
High Females Total Men Women Total Men Women 
- - N 24 12 12 24 12 12 

(mM) 

(mM) 

( n W  

(mM) 

(mgldl) 

Totalcholesterol 4.31f.67 4.02f.73 4.61f.46 6.98f.89 7.17f1.03 6.80f.71 p<.OOl N.S. 

LDLcholesterol 2.32f.29 2.26f.37 2.38f.19 4.87f.67 4.98f.81 4.76f.47 p<.OOl N.S. 

HDLcholesterol 1.40f.42 1.1Of.29 1.70f.30 1.27f.23 1.17f.12 1.32f.27 p =  .08 p<.OOl 

Triglycerides 1.30f.98 1.45f1.16 1.15f .78 1.84f.77 2.21f.84 1.48f.48 p<.O5 p c . 0 5  

Total protein 6.35 f .47 6.36 f .48 6.35 f .47 6.58 f .54 6.75 f .60 6.41 f .44 N.S. N.S. 

primarily to less total antioxidant reserve in low, 
relative to high, cholesterol men. 

With respect to individual antioxidants, serum 
concentration of thiols was lower in the low, 
compared with the high, cholesterol subjects, and 
was higher in men than women across choles- 
terol groups. This gender difference was not due 
to the weight, age, and HDL-cholesterol differ- 
ences between men and women. Although the 
interaction between group and gender was only 
marginally significant (p = O.l), the data suggest 
that, as with total antioxidant reserves, men in 
the low and high cholesterol groups differed in 
thiol concentration, whereas women in the two 
groups did not. Thiols per mg protein and vita- 

min C concentration were similar in the low and 
high cholesterol groups. As expected, the mean 
concentration of vitamin E in the low cholesterol 
group was substantially lower than that of the 
high group. When vitamin E was standardized 
for total cholesterol, the resulting tocopherol: 
cholesterol ratio did not differ between groups or 
across gender. 

Pearson correlation coefficients were calcu- 
lated between total antioxidant reserves and 
individual antioxidants. Neither vitamin C nor 
vitamin E were signficantly related to total 
antioxidant activity. Thiols, however, were well 
correlated with total antioxidants, r = .639, p < 
0.001, as depicted in Figure 1. 

TABLE I1 Serum Antioxidants' by Cholesterol Group and Gender (Mean f S.D.) 

, Low Cholesterol Group High Cholesterol Group Low v. Males v. 
High Females Total Men Women Total Men Women 

Total antiox. act. 500 f 93 543 f 93 457 f 74 553 f 104 624 f 59 482 f 91 p <  .05 p <  ,001 

Thiols (JIM) 661 f 133 699 f 159 624 f 93 742 f 172 846 f 185 640 f 73 p <  .05 p <  ,001 
(pmollmgprot) 10.4f2.2 11.0f2.5 9.9f1.8 11.3f2.6 12.6f2.9 10.0f1.4 N.S. N.S. 
VitaminC(pM) 44.0f35.5 42.8f35.4 45.2k37.1 50.3f42.2 51.0f33.2 49.7f51.2 N.S. N.S. 
VitaminE(pM) 12.9f3.4 10.9f2.1 14.9f3.3 20.8f7.1 23.056.2 18.6f7.6 p<.OOl N.S. 
(pmollmmolTC) 3.01f.70 2.75f.54 3.25f.73 3.01f1.04 3.21f.77 2.78f1.28 N.S. N.S. 

(minlml) 

TC = total cholesterol 
(1) Compared with non-smokers, the 10 smokers tended to have lower levels of each measured antioxidant, though none of the dif- 
ferences reached statistical significance. Exclusion of smokers does not alter the findings presented. 
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FIGURE 1 
for entire sample equals ,639 (p < ,001). 

Scatter plot depicting relationship between serum thiols and total antioxidant reserve. Pearson correlation coefficient (r) 

DISCUSSION 

Fifteen years ago, Kark and colleagues specu- 
lated that the association between low choles- 
terol and cancer might be attributable to low 
levels of vitamin A, which is a derivative of the 
antioxidant beta-~arotene.[ '~,~~] However, little 
research followed. The current investigation con- 
sidered the related hypothesis that serum total 
antioxidant reserves vary with cholesterol con- 
centration. The data reveal that, compared to 
those with high cholesterol, low cholesterol indi- 
viduals had reduced serum total antioxidant 
activity. Furthermore, this difference was greater 
in men than women, paralleling the epidemio- 
logic findings. 

The measurement of serum total antioxidant 
activity utilized chemiluminescence to detect 
depletion of antioxidants by AAPH-derived per- 
oxyl  radical^.['^*^^] Similar to that of other investi- 
g a t o r ~ , [ ~ ~ * ~ ~ , ~ ~ ]  the technique measures traditional 
antioxidants-low molecular weight compounds 
either consumed in the diet or regularly synthe- 
sized and recycled by reducing enzymes-as 
well as larger compounds, such as thiol groups 

on albumin, whose function may be as "sacrifi- 
cial  antioxidant^.'"^^] Thiols, when specifically 
measured, were also found to differ between the 
low and high cholesterol groups. This observa- 
tion, combined with the close correlation bet- 
ween thiols and total antioxidant reserves, 
suggests that the reduced serum antioxidant 
activity in individuals with hypocholesterolemia 
may be largely attributable to fewer thiols. The 
difference in thiols per mg protein did not reach 
statistical significance, suggesting that the 
reduced thiol concentration of low cholesterol 
subjects may be due, in part, to somewhat lower 
protein concentration. Also, several important 
extracellular antioxidants, such as urate, were 
not measured in this preliminary study. 

A secondary finding was greater antioxidant 
reserve in men compared to women. This could be 
due in part to the greater total cholesterol contrast 
between low and high men compared to women 
in our sample. However, other investigators have 
also found increased total serum antioxidant 
activity in men compared to women.[25] Men have 
higher resting metabolic rates and are generally 
more physically active than both key 
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determinants of oxidative stress, and therefore the 
greater antioxidant capacity in men could repre- 
sent an adaptive response. 

With respect to limitations of this investiga- 
tion, samples were frozen at -70°C within 90 
minutes of collection whereas immediate sepa- 
ration and freezing is preferred to minimize 
spontaneous degradation of antioxidants. 
However, because all samples were handled 
identically, the lag time should not create a bias. 
Also, no dietary data are available. However, 
dietary antioxidant intake does not necessarily 
affect serum total antioxidant activity[’’] and in 
any case, to the extent that individuals with low 
cholesterol may be expected to consume healthy 
diets, rich in vitamins, diet habits would bias 
against the hypothesized association. Finally, 
the assays measured serum, not intracellular, 
antioxidant levels whereas oxidative injury 
leading to non-atherosclerotic disease may pre- 
dominantly involve intracellular oxidation. 
Nonetheless, extracellular antioxidants partici- 
pate in the protection of cell membrane lipids, 
and clinical studies indicate that extracellular 
(serum) antioxidant levels predict health out- 
comes. 
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