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ABSTRACT

Background: Aging and chronic kidney disease (CKD) are associated with bone mineral
metabolism disorders, in addition to disarrangement of trabeculae structure and bone
architecture. Increased alkaline phosphatase (ALP) and parathyroid hormone (PTH) have been
related with abnormal bone turn over. Lycopene, a plant derived micronutrient, has strong
quenching and free radical scavenging attitude.

Objectives: This study aimed to evaluate the effects of lycopene and calcifediol (25 OH D3)
based Integrated Medicine on ALP, PTH and oxidative stress.

Methods: In octogenarians, nonagenarians and centenarians with chronic kidney disease (GFR
145 +10,4 ml/min/1,73 m?), vitamin D deficiency and abnormal ALP, PTH blood values, the
effects of daily lycopene supplementation on blood oxysterols and on 4-hydroxy-2,3-trans-
nonenal (4-HNE) as markers of oxidative stress were evaluated. The effects of calcifediol
administration together with daily lycopene supplementation on PTH and ALP blood
concentrations were also investigated.

Results: Daily lycopene supplementation induced a reduction of oxysterols (a-triol: 0.40 + 0.07
Mg/ Lvs0.32£0, 04 ug/ L and B-epoxi cholesterol: 5.3+ 1.3 ug/Lvs3.7+0.6 ug/ L) but not
of 4-HNE (0.27 £ 0.18 nmol / L vs 0.25 £ 0.20 nmol / L). Vitamin D added to lycopene for two
weeks decreased the blood values of ALP (106 £40U/Lvs69+19 U/L)and PTH (108 +42
pg/ml vs 66+ 21 pg/ml).

Conclusion: Tomato derived lycopene, with daily supplements, decreased cholesterol oxidation
products. Calcifediol and vegetable derived antioxidant daily supplementations were associated
to normalization of ALP and PTH.
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INTRODUCTION

By 2060, the proportion of European population aged 65 and over is predicted to increase from
17.4% to 30% and the demographic old-age dependency ratio (people aged 65 relative to those
aged 15-64) is projected from 27.8 % to 50.1% [1]. A proportional rise in chronic degenerative
diseases related to aging, cardiovascular, muscular, skeletal and kidney diseases, in addition to
diabetes and cancer and the increasing demand of long-term care are also predicted.

Oxidative stress, defined as an imbalance between antioxidants and prooxidants in favor of
oxidants, has a fundamental aetiopathogenetic role [2]. Increased activity of reactive oxygen
species and/or antioxidants depletion have been involved in aging related diseases and
imbalanced bone remodeling which characterizes osteoporosis [3]. It has been proposed that
oxidative stress negatively influences bone mass and bone structure via the activation of the
oxidative stress-responsive transcription factor NF-kB [4]. In the Framingham Osteoporosis
Study, a higher intake of lycopene, a phytonutrient of the carotenoids family, in men and women
was positively associated with 4 years amelioration in bone mineral density (BMD) at lumbar
vertebrae, in addition to lower risk for hip and non-vertebral fractures [5].

Carotenoids form one of the most important classes of natural pigments. Both animals and
human beings are unable to synthesize them, instead requiring a dietary intake [6]. Carotenoids
are typically associated with cell membranes; being highly lipophilic molecules, they are located
exclusively within the hydrophobic core of membranes bilayer. Besides their function as
antioxidants, carotenoids are believed to be involved in many biological functions and they could
markedly influence the properties of the membranes (rigidity, thickness, mechanical strength,
fluidity and permeability), signal transduction [7, 8] and induction of cell cycle arrest [9, 10].
In epidemiological studies, higher levels of serums carotenoids were associated with a lower risk
of cardiovascular diseases [11], cancer [12, 13, 14], atherosclerosis [15] and osteoporosis [5].
Vitamin D plays a crucial role in the maintenance of calcium and physiological bone turnover.
Alterations in bone metabolism often occur when there is chronic vitamin D deficiency,
increasing in parathyroid gland activity and chronic renal failure [16]. The estimated requirement
of vitamin D is about 10 ugr / day in healthy adults and the daily endogenous production of 1-25
(OH) 2D3 varies from 0.5 to 2 ugr / day while that of 25 (OH) D3 varies from 3 to 12 ugr / day
[17].

However, a widespread basal deficiency of vitamin D also among the general population has
been detected, particularly in individuals over the age of fifty [18].

In this study, we hypothesized that an integrated medicine curative approach might have
beneficial effects to aged persons with CKD exposed to oxidative stress and that daily
supplementation of calcifediol and lycopene might counterbalance the free radical and CKD
related pathological consequences on bone metabolism.

SUBJECTS AND METHODS

Subjects

Five octogenarians, three women, two men (age 82.6 + 2.5 years), two women nonagenarians
(age 91 years, 93 years) and three centenarians, one man, two women (age 102.3 * 2 years) were
selected and had provided informed consent. They were affected by different chronic
degenerative diseases and were under specific pharmacological treatment which remained
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unchanged, as have remained unchanged eating habits and lifestyle. In all centenarians,
nonagenarians, and in two of five octogenarians, insufficient vitamin D blood values were found.
Three octogenarians (two women, one man) had vitamin D blood values within the normal range
and were excluded from the study. Estimated glomerular filtration rate (eGFR) of the remaining
seven persons who have continued the study was 45+10.4 ml/min/1.73 m?.

Methods

Glomerular filtration rate has been calculated by Cochroft Gault equation. Vitamin D and
parathyroid hormone were assessed by standardized automated method of chemiluminescence
immunoassay. Alkaline phosphatase was measured by automated analyzer unit Synchron LXi
725 (Sinchron Access Clinical Systems).

Oxysterols and 4-HNE were measured as markers of oxidative stress. In particular, by
HPLC analysis the concentration of 4-hydroxy-2, 3-trans-nonenal; while the concentrations of
two oxysterols: cholestane-3p, 5a, 6B-triol and 5B -6p epoxy-cholesterol were measured after
extraction, derivation and gas chromatographic separation. The concentrations of these oxidative
and carbonyl stress markers were assayed before and after dietary supplementation with
lycopene, 10 mg/day, contained in tablet with 100 mg of tomato powdered of which 10 mg of
lycopene. One participant had chosen to drink 100 mg/day of tomato juice, instead of tablets
containing 10 mg of lycopene (according to USDA National Nutrient Data Base [19]). Lycopene
daily supplementation was continued for 6 weeks. Subsequently, after dosage of the basal blood
concentration of 25-OHD3 (calcifediol), started supplementation with calcifediol, at a dose of 50
micrograms / day for two weeks, preceded and followed by dosing of blood alkaline
phosphatase, parathyroid hormone and serum calcium and phosphorus.

Data are presented as mean * SD (Standard Deviation). Statistical analysis has been
performed using “T” Student Test. Statistical significance was set at P<0.05.

RESULTS

The quantitative analysis of oxysterols and 4-HNE, carried out before the beginning of the daily
dietary supplementation with lycopene in 7 participants, revealed the existence of a condition of
oxidative stress. See Figure 1.

The average value of this byproduct of lipid peroxidation, 4-hydroxy-2,3-trans-nonenal (4-
HNE), was found to be 0.27 + 0.18 nmol/L. Pathological concentrations of oxysterols were also
revealed. In particular, there was an increase in the "baseline condition” of the values of
cholesterol oxidation products, o-triol and p-epoxy cholesterol whose average and relative
standard deviations were 0.40 + 0.07 pg / L and 5.3 + 1.3 pug / L for o- triol and B-epoxy
cholesterol respectively.

The analysis of the same oxidative stress parameters in the group of octogenarians,
nonagenarians and centenarians repeated after six weeks of dietary supplementation with
lycopene showed statistically different variations amongst cholesterol oxidation products, in
particular a-triol 0.40 £ 0.07 mg/ L vs 0.32 £0.04 g/ L, (p <0.01) and B-epoxi cholesterol 5.3 +
1.3ug/Lvs3.7x0.6 ug/L, (p<0.01), while concentrations of 4-HNE remained substantially
unchanged (0.27 £ 0.18 nmol / L vs 0.25 £ 0.20 nmol / L). See Figure 1.

Statistical differences of alkaline phosphatase and parathyroid hormone blood basal values
"pre” vs "post supplementation with lycopene and calcifediol were discovered, while no
statistical significances were observed in calcemia and in phosphatemia. In particular, the blood
concentrations of the enzyme ALP, found still elevated after the intake of lycopene alone, were
reduced to values within the normal range related to age (106 £ 40 U /L vs 69 + 19 U / L) after
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supplementation with lycopene and vitamin D. A similar fluctuation, with statistical significance,
was highlighted by the analysis of parathyroid hormone blood values (108 +42 pg/ml vs 66 + 21

pg/ml; p<0.05). [Figure 2, Figure 3].

oxidative stress parameters before and after
lycopene diet supplement

Before lycopene diet suppl. after lycopene diet suppl.

4-HNE 0,27 +0,18SnmolVL.  |[4-HNE 0,25 +0,20 nmoVL

Oxysterols Oxysterols
p-epoxi 53+13 pg/L| p-epoxi 3,7¢0,6 pg/L
a-triol 0,40 £ 0,07 pg/L| o-triol 0,32+0,04 pg/LL

Figure.l. Parameters of oxidative stress assessed in 7 participants before and after lycopene diet
supplementation

Alkaline Phosphatase blood values
basal values (series 1)
after lycopene diet supplementation (series2)
after lycopene and vitamin D supplementation (series3)

Figure 2. Series 1 represent the baseline, pre-supplementation with lycopene; series 2 represent the
values after 6 weeks of supplementation with lycopene (10 mg / day); series 3 represent the values after 2
weeks of supplementation with lycopene (10 mg / day) and vitamin D (calcifediol: 50 mcg / day). Values
series 1 vs 3 (p<0.01); values series 1 vs 2 (p>0.05 ns). [7 participants; blood levels of ALP measured in
each participant are shown numbered from 1 to 7; values of ALP expressed in U /L]
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Parathyroid Hormone blood values
basalvalues (series 1)
after lycopene diet supplementation (series 2)
after lycopene and vitamin D (series 3)
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Figure 3. Basal blood values in 7 participants (series 1); after lycopene diet supplementation (10
mg /day) for 6 weeks (series 2) and after lycopene (10 mg/day) and vitamin D administration (50

mcg/die) for 2 weeks (series 3). Parathyroid Hormone is expressed in pg/ml (blood normal
values 10-70 pg/ml) [series 1 vs series 3 p< 0,05]

DISCUSSION

Evidence derived from observational studies and relating to the dietary content of antioxidants
from plant have supported the hypothesis of a protective role of carotenoids in diet against
several chronic degenerative diseases [20, 21, 22, 11].

Lycopene is an acyclic isomer of B-carotene and highly insatured hydrocarbon with 11
conjugated and two non-conjugated double bonds. In human plasma, lycopene is present as a
mixture of isomers of which approximately 50% is in the Z form [23]. Lycopene is one of the
most powerful vegetable derived antioxidants in the diet. At least 700 carotenoids have been
described, however, of the 700 members, about 40 are commonly present in the diet and among
them, only 20 have been identified in human tissue and blood including mainly (at least up to
90% of total identified carotenoids) p-carotene, a-carotene, lycopene, lutein and B-cryptoxanthin
[24, 25].

Animals and humans are unable to synthesize carotenoids de novo; therefore food intake
constitutes the only source. Even if the lycopene structure is substantially stable, it may undergo
photodegeneration, thermodegradation and oxidative degradation. (5Z)- lycopene is the most
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stable isomeric form followed by all-E, 9-, 13-, 15-, 7- and 11-(Z)- isomers. It is also the isomer
with the highest antioxidant capacity [26].

Lycopene has a high ability to "quench” singlet oxygen, double compared to B-carotene and
ten times greater than that of a-tocopherol. Due to its lipophilic properties, it is concentrated in
serum low and very low density lipoprotein (LDL and VLDL). Lycopene is also concentrated in
adrenal glands, testes, liver and prostate and is, within this gland, the most represented
carotenoid [25].

In the context of lipid metabolism, lycopene acts as hypocholesterolemic agent, with
inhibitory effects on HMG-CoA (3-hydroxy-3-methylglutaryl-coenzyme A) reductase [27]. The
HMG-CoA inhibition is accompanied by a reduction in intracellular cholesterol levels, which
constitutes the bases of lycopene hypocholesterolemic effect.

Other functions operated by lycopene are a set of biomolecular phenomena that contrast in
human macrophages the pro-inflammatory cascade induced by cholesterol oxidation products
known as oxysterols [28].

The conjugated double bonds of lycopene play an important role in energy transfer reactions and
in its quenching ability [29].

In our investigation, the reduction of cholesterol oxidation products, oxysterols, may be the
result of lycopene hypocholesterolemic effect added to its high antioxidant activity.
It has been reported that reactive oxygen species also take part in osteoclast differentiation and in
their hyperactivity, which lead to osteopenia and osteoporosis.

Osteoporosis is considered the result of an imbalance in bone remodeling by inadequate
osteoblasts activity and / or excessive osteoclasts activity, the cells responsible for bone
resorption [30]. Calcitriol and PTH are closely related hormones in the context of bone
physiology and pathophysiology, in calcium homeostasis and in bone mineralization. Alterations
in bone metabolism often occur associated to chronic vitamin D deficiency and increased blood
concentrations of parathyroid hormone. PTH directly stimulates the synthesis of calcitriol, by
regulating the activity of the renal enzyme 1-a hydroxylase [31]. Parathyroid hormone in the
same condition also stimulates bone reabsorption causing increased bone turnover by means of
increased osteoclasts activity.

Calcitriol is the most biologically active form of the “hormone vitamin D "characterized by
higher affinity for the vitamin D receptor (VDR), compared with 25 (OH) D3 affinity and has an
half life of 4-6 hours [18]. Currently it is estimated that at least 3,000 binding sites for the VDR
are present within the human genome, indicating about 3% of the entire genome that directly or
indirectly are responsive to activation of the VDR [32].

The form 25 (OH) D3 is widely accepted as representative of biologically active circulating
forms concentration and of biosynthetic activity. In last years, the assays of 25 (OH) D3 blood
concentrations have been increased [31]. The extensive assessment of blood concentrations of 25
(OH) D3 made it possible to detect a widespread basal deficiency of vitamin D among the
general population, especially in individuals over the age of fifty [18].

Taking in account the results of this study, we could speculate that in aged CKD patients
with insufficient vitamin D blood values and parathyroid gland disfunction, lycopene, because of
its high antioxidant capacity, could exert synergic effect with vitamin D to counterbalance
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osteoclasts differentiation as their oxidative stress and PTH induced hyperactivity and bone
reabsorption.

CONCLUSION

The main limits of this study involved the small number of participants and to the relatively brief
time of lycopene and vitamin D supplementation. However, it suggests the effectiveness of
lycopene to contrast free radical formed cholesterol oxidation products in aged patients with
CKD and the protective role of vitamin D together with lycopene against CKD and age related
anomalous ALP and PTH values. This study also suggests a preventive and protective role of an
integrated medicine curative approach based on vegetable antioxidant in CKD.
In depth and longer studies will be necessary in order to evaluate the long term benefits, for
example against the progression of CKD in the elderly, of dietary lycopene supplementation.
Further studies are also needed to evaluate the preventive and therapeutic role of integrated
medicine based on vegetable derived antioxidant and vitamin D in imbalanced bone mineral
metabolism and bone turn-over.
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