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ABSTRACT

This study examined the possible effects of lycopene at physiological dosage and body fat mass on
the humoral immune response in patients with type 2 diabetes mellitus (T2DM).

A total of 35 patients with Typ2 diabetes mellitus from both sexes aged 5419 yrs from the Iranian
Diabetes Society were introduced into a double blind placebo controlled clinical trial conducted for 2
months. After a 2-week lycopene free diet washout period, patients were allocated to either lycopene
supplementation group (10mg/d) (n=16) or placebo age- and sex matched group (n=19) for 8 weeks.
Patients were instructed to keep their diets and physical activities as unchanged as possible.

Lycopene supplements increased serum lycopene levels (p<<0.001). While intake of dietary energy
and nutrients did not change in either groups, the ratio of total antioxidant capacity to
malondialdehyde increased significantly in the lycopene group (p=0.007). There was an inverse
correlation between serum levels of lycopene and those of IgG (r=-0.338, p=0.008). On the contrary,
changes of serum levels of lycopene directly correlated with those of IgM (r=0.466, p=0.005).
Interestingly, changes of the amount of fat mass correlated directly with those of serum IgG (+r=0.415,
p=0.044) but inversely with of serum IgM (r= -0.469, p=0.021).

While truncal fat might promote adaptive humoral immunity, lycopene probably by inhibiting
MDA-LDL formation might attenuate T cell dependent adaptive (pro-atherogenic) humoral immune

response. These findings may have preventive implications in long term diabetic complications,

notably atherogenesis.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) usually threatens
the affected individuals by its both short-term and long-
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term complications. While early diabetic complications
are usualy controlled by both nutritiona and
medication approaches, late complications, often more
insidious and serious, may put the patients at risk for
lifelong.** Cardiovascular disorders (CVD) and
atherosclerosis are among the most common long term
diabetic complications®* Huge body of evidence
proposes a role for oxidative stress, an imbaance in
body proxidants and antioxidants towards proxidants,
in initiation®® as well as development™® of
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atherogenesis. Many experimental®™ and human ¢

studies have examined the effects of different doses of
various antioxidants in diabetes to attenuate oxidative
stress, which is known to be augmented in diabetes.'” 18
The results, however, have not been consistent as some
studies failed to show the beneficial effects of
antioxidant supplementation.® ** 16

Lycopene, the natura color of tomato and tomato
products, is a potent antioxidant.’® Meanwhile, the
immune modulating effects of lycopene have been
evaluated in many experimental % as well as human 2*
% gudies. To investigate the in vivo antioxidant
properties as well as immune modulating effects of
lycopene at physiological dosage, we conducted a
clinical trial on type 2 diabetic subjects. We found out,
for the first time, that the amount of fat mass may aso
have a pivotal role on humora immune response in
T2DM.

PATIENTS AND METHODS

Study Design

Briefly, a placebo-controlled double blind clinical
trial was conducted for 8 weeks on 35 patients with
type 2 diabetes mellitus (T2DM) from the Iranian
Society of Diabetes (1SD). A genera overview was
given to all patients attending ISD in acommon session
followed by a through explanation of the aim the study
to the volunteersin aface to face interview. Then fter,
a written informed consent was taken. Patients were
instructed to follow alycopene-free diet for atwo-week
washout period. Anthropometric, dietary, biochemical
and immunological assessments were done for all the
patients both in the beginning (after washout) and after
8 week interventional period. This study was approved
by the Ethical Committee of Shaheed Beheshti Medical
University.

Subjects

A total of 35 patients with T2DM from both sexes
(19 women and 16 men) aged 35-70 (5449) years from
ISD were introduced into the study. Patients who
smoked, affected by other diseases like food alergy,
auto immune disorders, liver, thyroid, and kidney
diseases, and those who were taking vitamins C or E
supplements or had to change their medications during
interventional period were excluded. Duration of
diabetes (since diagnosis) was less than 8 years.
Subjects were alocated to either supplementation
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(n=16, 9 women and 7 men) or placebo (n=19, 10
women and 9 men) group and matched for age and sex.
All patients were instructed to keep their diets and
physical activities constant during the experimental
period.

Anthropometry
Weight, height, waist and hip circumferences were
measured and body mass index (BMI) was calculated
using the equation BM|= Weight(kg)
height (m)?

Dietary Assessment

To assess dietary intake, twenty four dietary recall
for two days was used. Data were translated into energy
and nutrients using Food Processor (FP) Il software,
which has been modified for Iranian foods.

Body Composition Analysis

Body composition was analyzed using bioelectrical
impedance analysis (BIA) system (Quadscan 4000,
BodyStat, UK) under fasting conditions. The system
aso estimated resting metabolic rate, which, in this
study, was considered as basal metabolic rate (BMR).

Laboratory Investigations

Ten milliliter fasting venous blood sample was
taken and divided in two tubes, either with or without
anticoagulant. Sera from clot samples were recovered
after 1 hour at room temperature (RT) followed by
centrifugation at 2500g at RT for 20 minutes. Though
fasting blood sugar (FBS) was measured immediately,
the rest of the serum samples were transferred to -70°C
in aliquots awaiting for further analysis. Saliva samples
collected in fresh, clean capped glass bottles were also
kept at -70°C to assess slgA. Anticoagulated blood
samples were analyzed for HbAlc at most 2 hr after
sampling. Fasting blood glucose was determined using
commercial enzymatic kit (Pars Azmoon, Iran).
Glycated hemoglobin (HbAlc) was measured
spectrophotometrically after initial separation by
chromatography (G.D.Sr.l., Milan, Itay).

In this study serum total antioxidant capacity (TAC)
to serum malondialdehyde (MDA) ratio was used to
assess antioxidant/proxidant balance. TAC was
determined using 2, 2"-azinobis 3
ethylbenzothiazoline-6-sulfonate) (ABTS) as a reagent.
Potassium persulfate converts ABTS to ABTS cation
radical (ABTS°"), which is green-blue with maximum
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absorption at 734 nm. Adding antioxidant solution to
thisin a given time decreases color intensity depending
on the antioxidant activity and concentration. There-
fore, decolorization will be expressed as a percent of
ABTS°" inhibition based on difference of the primary
and secondary absorbance divided by primary
absorbance multiplied by 100.2* Inhibition percent was
compared with the antioxidant activity of bovine serum
albumin (BSA) as standard. Results were expressed as
mmol/L of BSA.

Serum MDA was determined using thiobarbituric
acid reactive substances (TBARS) method described
originally® with minor modifications. Briefly, proteins
were precipitated using 20% trichloroacetic acid
(TCA). The precipitate was washed with 0.05 M
sulfuric acid before reacting with thiobarbituric acid
(TBA) at 90-100 °C for 30 min. At pH 2-3, one
molecule of MDA bindsto two TBA moleculesto form
a pink complex. Following extraction with n-butanol,
absorbance was determined at 532 nm against the n-
butanol blank. Serum concentration of MDA was
determined using a standard curve.

Humoral immunity was evaluated by determination
of serum IgG, IgM and C3 as well as sdivary slgA
concentrations using single radia immunodiffusion
(SRID) method (Biogen, Iran).

To detect possible subtle changes in humoral
immune response, serum auto antibodies to ox-LDL
(anti-ox-LDL Abs) was aso determined using double
sandwich enzyme linked immunosorbent assay
(ELISA) technique (Biomedica, Biomedica Gruppe,
Austria).

Statistical Analyses

Normality of data distribution was evaluated using
Kolmogrov-Smirnov. Comparison of means was done
with student t test or, when the distribution was not
normal, Mann-Whitney U-Wilcoxon. Correlations were
determined using Pearson equation. The predetermined
upper limit of significance throughout thisinvestigation
was p<0.05. All statistica analyses were done with
Windows/SPSS version 11.5 package.

RESULTS

With the exception of TAC/MDA and anti-ox-LDL
1gG, almost al datahad anormal distribution as evaluated
by Kolmogrov-Smirnov. Energy and nutrient intakes did
not show any significant difference between two groups
both in the beginning and in the end of the interventional
period (Table 1). Nor was there any significant difference
in anthropometric and body composition data between
lycopene and placebo groups (Table 2).

However, serum lycopene levels increased
significantly only in the lycopene group (p<0.001)
while serum concentrations of B-carotene did not show
any dtatistically significant change in the both groups
(Figure 1), indicating that lycopene supplement
increased serum lycopene levels. While mean serum
concentration of MDA showed about 0.6nM/mL
decrease in lycopene group, there was about 0.4nM/mL
increase in the placebo group.This difference was
satigticaly significant (p=0.003). Lycopene
supplementation did not cause any significant change in
serum TAC levels. However, TAC/MDA rétio increased
significantly in the lycopene group (Mann-Whitney U-
Wilcoxon, p=0.007) (Figure 2).
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Figure 1. Initial and final serum levels of lycopene and B-carotene in the supplementation and placebo groups.
Only in the supplementation group serum levels of lycopene increased significantly (p<0.001). Bars with different

superscript letters indicate significant difference (p<0.05).
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Table 1. Estimated daily energy and some selected nutrient intakes in lycopene
supplementation (n=16) and placebo (n=19) groups.

Group Lycopene Placebo

Food Ingredient (n=16) (n=19)

Initial 1395.3+630.6 1489.9+746.2
Energy (Kcal) )

Final 1410.8+682.7 1635.8+439.8

Difference 0.9+12.5 2.5+14.8

Initial 40.4+18.3 56.5+21.6
Protein (g)

Final 56.2+24.9 68.8+23.9

Difference 18.4+18.3 12.2+32.3

Initial 165.6+92.9 166.7+106.1
Carbohydrate (g)

Final 167.6+85.8 199.1+70.4

Difference 19.9+53.2 32.4+117.7

Initial 66.8+31.7 69.9+40.9
Total Fat (g) )

Final 60.1+38.4 66.5+28.3

Difference -5.0£20.2 -3.4423.9

Initial 16.1+8.4 19.0+13.3
Fiber (g)

Final 16.2+8.0 21.5+13.2

Difference -0.9£12.5 -2.5+14.8

Initial 107.8+87.9 108.8+106.4
Vitamin C (mg) .

Final 77.2+87.2 84.7+81.9

Difference -34.7£127.1 -24.1+102.1

Initial 27.6+18.9 28.7+19.8
Vitamin E (mg)

Final 26.4+19.6 27.3+18.8

Difference -2.7£8.6 -1.3194

Initial 107.8+87.9 108.8+106.4
Selenium (mg)

Final 77.2+87.2 84.7+81.9

Difference 19.9+36.4 46.8+74.3

Initial 5.6+3.1 7.6+2.7
Zinc (mg)

Final 6.7+2.6 9.6+4.6

Difference 2.0+£2.0 2.0+4.9

Values are mean + SD.

Serum levels of 1gG and sdlivary slgA did not
change significantly. Mean IgM levels in the lycopene
group showed 15mg/dL increment while in the placebo
group there was a mild decrease in serum IgM
(6mg/dL). These changes were, however, not
significant (Table 3). Serum levels of anti-ox-LDL 1gG
aso showed some interesting, but insignificant,
changes as there was a decrease in the lycopene group
(-16.2 mIU/mL) but a small increase in the control
group (+8.5 mlU/mL) (Figure 3).

82/ IRANIAN JOURNAL OF ALLERGY, ASTHMA AND IMMUNOLOGY

Significant negative correlations between changes
of serum levels of lycopene and MDA (r=-0.56,
p<0.001) and between serum levels of lycopene and
1gG (r=-0.338, p=0.008) were found, while serum
levels of lycopene and IgM correlated positively
(r=0.466, p=0.005). Changes of serum MDA and FBS
showed similar correlation (r=0.466, p=0.005).

There was a positive correlation between serum
concentrations of glucose and those of anti-ox-LDL
19G (r=0.483, p=0.012).
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Table 2. Some selected anthropometric data of lycopene supplementation and placebo groups.

Group Lycopene Placebo
Characteristic (n=16) (n=19)
Age 56.0£8.5 54.9+8.5
Initial 70.8£12.5 75.3£10.9
Weight (Kg) Final 68.7£9.7 75.4£10.5
Diffference -2.1+3.9 0.1£1.6
Initial 27.1+£3.7 28.8t4
BMI (Kg/m?) Final 26.1£2.5 28.8+4.3
Diffference -0.9+1.6 0.02+0.6
Initial 101.0£7.5 102.5+£8.5
Waist (cm) Final 98.616.9 103.9+9.3
Diffference -2.416.9 1.445.6
Initial 0.98+0.04 0.95+0.06
WHR Final 0.95+0.07 0.95+0.05
Diffference -0.03+0.07 -0.003+0.04
Initial 1446.8+211.7 1576.0£267.9
BMR (Kcal) Final 1454.1+226.9 1551.1+265.4
Diffference 7.4+36.3 -24.9491.5
Initial 22.7£7.6 25.448.0
FM (% of B.W.) Final 21.2+6.8 24.9+8.2
Diffference -1.5+2.3 0.2£15

Abbreviations: BMI: body massindex; B.W.: body weight; BMR: basal metabolic rate; FM: fat mass; WHR: waist to hip ratio.

As awhole, body weight and increased (truncal) fat
reserves showed direct correlations with serum 1gG and
MDA levels but inverse correlations with serum IgM

and C3 levels (table 4).

For instance, changes of the amount of fat mass
(FM) correlated directly with those of serum
1gG (r=0.415, p=0.044) but inversely with of serum
IgM (r=-0.469, p=0.021).
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Figure 2. Changes of oxidative stress status of both lycopene supplemented and placebo control diabetic groups.
A total of 35 type 2 diabetic patients were given either a daily dose of 10mg lycopene (n=16) or placebo (n=19) for
8 weeks. In the lycopene group, serum MDA was decreased while TAC/MDA was increased significantly
indicating attenuation of oxidative stress. Bars represent mean values.

* Vaues (meantSD) with different superscripts are significantly different (p< 0.05). The mean values of TAC/MDA were compared using Mann-

Whitney U Wilcoxon.
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Figure 3. Serum concentration changes of anti-oxidized low-density lipoprotein (anti-ox-LDL) IgG after eight
weeks treatment with either 10 mg/d lycopene (n=16) or placebo (n=19) in type 2 diabetic patients. Though
serum levels of anti-ox-LDL IgG decreased in lycopene group and increased in placebo group, the changes were
not statistically significant. Bars represent mean valuestSD.

Table 3. Changes of some selected analytes in lycopene supplementation (n=16) and placebo (n=19) groups.

rou Lycopene Placebo
Analyte
Initial 10.0+1.7 9.5£1.8
HbA1c (%) Final 9.3£1.3 8.7t1.4
Difference -0.7£1.7 -0.8+2.4
Initia 103.2+28.4 85.7+27.0
C3 (mg/dL) Final 111.0+41.7 99.3+32.8
Difference 7.8+40.2 13.6+48.7
Initia 9.3t3.8 9.4+2.6
slgA (mg/dL) Final 10£3.4 17.4+32.9
Difference 0.7+2.3 7.9+324
Initial 207.7£35.7 219.4471.2
IgM (mg/dL) Final 227.2+42.6 215.4457.7
Difference 19.5+36.9 -5.9£47.5
Initial 1471.3£572.8 1422.3+318.6
19G (mg/dL) Final 1462.8+£572.9 1251.8+261.7
Difference -8.4£579.5 -170.5+377.4

Values are mean + SD. Different superscript lettersin arow for each anayte denote significant difference (p<0.05).

Table 4. Some selected correlations between variables under study.

Variable Weight (Kg) BMI (Kg/m®) Waist Circumference (cm) WHR FM (%)
1gG (mg/dL) r=0.494 r=0.495 r=0.400 - r=0.415
p =0.003 p =0.003 p=0.017 p=0.044
IgM (mg/dL) --- --- --- --- r=-0.469
p=0.021
C3 (mg/dL) r=-0.383 --- r=-0.357 --- ---
p=0.023 p =0.035
MDA (nM/mL) r=0.386 r=0.353
p=0.022 p =0.038

BMI: body massindex; FM: fat mass; MDA: malondialdehyde; WHR: waist to hip ratio
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DISCUSSION

Immune cell functions, including signal
transduction and gene expression, are generaly
believed to be influenced by the oxidant/antioxidant
balance.®® Antioxidants are therefore expected to have,
at least theoretically, modulating effects on the immune
response.

Atherosclerosis is known as an inflammatory
disease, in which both innate and adaptive arms of
immunity are involved. 2*° On the other hand, the role
of oxidative stress as an independent factor in
pathogenesis of CVD should not be neglected. *" **
Atherosclerotic lesion formation may be promoted by
LDL modifications, including oxidation, via different
mechanisms.** The products of minimally modified
(oxidized) LDL (mm-LDL) and fully oxidized LDL
(ox-LDL), for instance, may directly or indirectly cause
T cell and monocyte recruitment and differentiation of
monocyte to macrophage.® These structural
modifications of LDL may cause neo-self determinants
formation. ¥ Under oxidative stress conditions and in
vivo, LDL molecule may be modified associating with
fragmentation of polyunsaturated fatty acids and MDA
formation. The conformational changes in the
lipoprotein molecule may be enough to produce
foreign-like structures and induce specific T cell
immune response and specific antibody formation.
These antibodies, usualy pro-atherogenic and highly
associated with the development of lesions, are mostly
of 1gG isotype® In fact, 1gG response, mostly related
to adaptive immunity, may enhance macrophage uptake
of ox-LDL-1gG through Fc-associated mechanisms. On
the contrary, natural antibodies (usualy of IgM and
IgA isotypes), mostly related to innate immunity, may
bind to and inhibit macrophage uptake of ox-LDL
particles and hence promote plasma clearance of LDL
containing oxidized phospholipids epitopes.®

Our interesting new finding on positive correlation
of serum lycopene and IgM levels may be very
important as it indicates that lycopene is not just a
common immune enhancer, but it is probably
associated with the innate arm of the immune response
(anti-atherogenic) while modulates the other aspects of
the immunity including specific T cell-dependent (pro-
atherogenic) response.

Increased serum lycopene levels followed by
attenuated oxidative stress status in the lycopene group
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indicated that lycopene, by inhibition of atherogenic
MDA-LDL formation, may have an inhibitory potential
in macrophage uptake of ox-LDL, foam cell formation
and stimulation of pro-atherogenic specific T cell-
dependent response. Accordingly serum levels of anti-
ox-LDL Abs tended to be lower in the lycopene group.
This hypothesisis further supported by the finding that
in subjects with high concentrations of lycopene in
their adipose tissue, there is reduced thickness of the
endothelium lining blood vessels and hence risk of
heart attack.*

Direct correlations of serum IgG with weight, BMI,
waist circumference and, above al, FM on one hand
and inverse correlations of serum C3 with waist
circumference and IgM with FM, on the other, all well
indicate that abdominal obesity simultaneously
enhances adaptive arm (atherogenic) and attenuates
innate arm (anti-atherogenic) of humoral immunity.
These changes may have somerolein atherogenesis.

Augmented oxidative stress, independent of blood
glucose leve fluctuations, has been documented in
obesity (especially in abdomina type).** As T2DM is
usually accompanied by central obesity, ¥ *® and
chronic hyperglycemia per se induces oxidative stress,
18,39. 40 g abetic patients need especial dietary care both
for weight control and antioxidants. Many studies have
used different antioxidants to suppress oxidative stress
in T2DM, %2 1418 gome of which failed to show the
beneficial effect of the antioxidant at the dosages used
intheir investigation.” *°

More important than the effect of lycopene intake
on serum levels of lycopene, which is supportive of
some other reports, “ our findings showed that
lycopene even at physiological dose could suppress
lipid peroxidation in a well-known augmented
oxidative stress situation. The direct relationship
between serum levels of glucose and anti-ox-LDL Abs,
on one hand, and between changes of serum glucose
and MDA, on the other hand, both confirm our
previous findings on the effect of serum glucose
optimization on reduction of LDL oxidation ** and
hence neo-self antigen formation.

To the best of our knowledge, thisis the first report
on the opposite associations of lycopene and fat mass
with humora immunity in T2DM. Based on our
findings, we propose that lycopene, as a potent
antioxidant, inhibits lipid peroxidation and formation of
MDA and MDA-LDL with neo-epitopes that stimulate
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pro-atherogenic specific T cell-dependent response and
specific antibody formation, mostly of 1gG isotype.
Meanwhile, lycopene by enhancing production of
natural antibodies (especially of the IgM isotype),
which are mostly related to innate immunity, may
interfere with macrophage uptake of ox-LDL followed
by foam cell formation. Increased fat reserves
especialy in the truncal area, often found in type 2
diabetic patients, may in part enhance T cell-dependent
adaptive immune response probably through
inflammatory adi pocytokines.
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