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Abstract
Glutathione-S-Transferase (GST) genes, including GSTT1, GSTP1, and GSTM1, play a major role in detoxification
and metabolism of xenobiotics. The aim of the present study was to test an orally bioavailable GSH-based compound in
poor detoxifier subjects regarding their oxidative stress, ammonia metabolism and heavy metal clearance. Eligibility was
established with a telephone questionnaire followed by a clinical examination to obtain height, weight, blood pressure
and screening blood chemistry and GSTM-1 gene test. Seventy-five GSTM1-null, non-smoking healthy individuals were
introduced in the study who were teetotallers or were using a maximum of 20 g alcohol/day men (n = 47) and women
(n = 28) aged 38-69 years (mean: 49.7) with body-mass index ranging from 22 to 29 kg/m2) participated in the study.
All enrolled participants were free from acute or chronic diseases and did not eat a diet or take medications that might
interfere with outcome markers namely antioxidant supplements, high intake of dietary polyphenols including coffee,
grapefruit juice or anti-inflammatory medications. Subjects were divided in 3 groups (25 subjects each): a) Given an
oral bioabsorbable glutathione-based compound added with selenium, L-cysteine and vitamin C (GLU-9599, Named
Research Co., Lesmo, Italy) at the dosage of 1 tab a day for two months; b) 600 mg of glutathione in 250 saline, given
intravenously over 90 min, twice a week for 2 months; and c) Given 3 g a day of a strong cation-exchange oral chelator
consisting of a mixture of chabasite-phillipsite for two months. Dietary questionnaire was administered to all subjects.
Either at baseline, at one month or at the end of the study the following parameters were tested: erythrocytes (RBC) level
of GSH/GSSG and Glutathione Peroxidise (GPx), urinary 8-OHdG, 24 h urinary measurement of main heavy metals,
faecal metals, ammonia and oxidative stress. GLU-9599 showed to significantly lower either RBC oxidative stress or
urinary 8-OHdG as compared to either IV glutathione or oral chelator (p<0.01). There was a significant correlation
between urinary 8-OHdG and overall heavy metal excretion (r: 0.58, p<0.005) but no correlation occurred with RBC
oxidative stress. Few subjects with fatty liver and abnormal transaminases improved their value during treatment with
GLU-9599. Only oral chelator was effective in significantly lower faecal metals, ammonia and faecal oxidative stress
(p<0.005). There was a not significant trend increase of mercury faecal excretion and GLU-9599. Overall, it would
appear that in poor-detoxifier (GSTM1-null genotype) subjects, an effective orally-absorbable stabilised-glutathione can
efficiently restore antioxidant defences in view of a potential wider application as an integrative adjuvant co-treatment
in patients environmentally-exposed and also under pharmacological burden. Effective heavy metal clearance remains
a still unresolved issue which may benefit from the rational addition of high cation-exchange oral chelators with a likely
association with viable glutathione supplements too.

Keywords: Hepatoprotective; Carcinogenic; Antioxidant; Genomic
instability; Biomarker
Introduction
The liver is specifically structured to be an organ endowed with
drug-metabolizing enzymes, drug transporters and drug clearance
mechanisms. Most xenobiotics compounds, including therapeutic
drugs, enter the body by absorption from the gastrointestinal tract
[1]. Moreover, as research progresses, harms more subtle than acute
poisoning from heavy metals are seen at lower burdens of such
pollutants [2-5]. Toxic metals are ubiquitous in our environment and
human body at higher than historical levels [6]. A growing number
of studies are highlighting the detrimental role of heavy metals in
the environment and genomic instability by affecting epigenetic
modification and DNA repair mechanisms [7]. Moreover, it has been
shown that such heavy metals burden, as well as other pollutants, triggers
oxidative phenomena which, on their turn, may help maintaining
damaging cellular mechanisms. Indeed, 8-OHdG has been proposed
as a genotoxic biomarker in aluminium- and chromate-exposed
subjects [8-10]. Environmental pollutants are able to alter epigenetic
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regulatory characteristics such as methylation state, nucleosome
position, local and regional CpG density, transcription factor binding
sites and microRNA expression. However, the mechanisms of such
environmentally associated epigenetic alteration remains to be fully
elucidated as yet and it is very likely that different quali/quantitative
modalities of exposure, occurring either in childhood or in adulthood,
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activate different mechanisms which contribute to distinct epigenetic
modifications. GSH transferases detoxify not only electrophiles derived
from xenobiotics, but also endogenous electrophiles which are usually
the end hydroperoxides products of lipids and DNA.
Polymorphisms in GST genes may epigenomically modify the
activity of key enzymes involved with the preservation of cellular
Glutathione (GSH) concentration. As a matter of fact, it is well-known
that Glutathione S-Transferase mu (GSTM1) and theta 1 (GSTT1) exert
relevant roles in detoxification of xenobiotics and the latter is found to
be null in about 50% of Caucasians [11,12]. Studies have shown that
polymorphisms in GST genes, particularly GSTM1, may be associated
with increased susceptibility to lead and mercury toxicity, affect the
metabolism of methyl-mercury and environmental pollutants, as
overall [13-15]. Interestingly, GSTM1 null-genotype has been found to
be more associated to lower vitamin C and the authors have suggested
that antioxidants supplementation should be considered for these
subjects with unfavourable genetic makeup, especially if with altered
markers of oxidative stress [16].
Within the overall understanding of lowering the toxic burden of
the liver, one cannot do without considering also the most important
endogenous factor, i.e., ammonia. While this metabolite is certainly
noxious to patients with liver disease, recent studies have shown that
it would be advisable to lower the ammoniogenic gut metabolisms also
in healthy individuals and in those practicing sport [17-19]. Cytosolic
Glutathione S-Transferase (GST) enzymes play a key role in biological
detoxification processes but two most important human isoenzymes,
i.e., GSTT1-1 and GSTM1-1, are genetically deleted in a high percentage
of the human population GSTM1-1 is particularly relevant in the
deactivation of carcinogenic intermediates and of reactive oxygen
species involved in cellular processes of ageing per se, inflammation
and degenerative diseases. Moreover, it is likely that this deletion,
possibly associated with other gene traits, affect drug metabolism in
human organisms, thing of raising concern with the increase of elderly
population and poly-pharmacological regimes they are often exposed
to [20]. The aim of our study was to test an optimized orobuccal release
formulation tablet containing pure stabilized GSH compound in poordetoxyfier subjects as classified being GSTM1-null genotype.

Materials and Methods
Eligibility was established with a telephone questionnaire followed
by a clinical examination to obtain height, weight, blood pressure and
screening blood chemistry and GSTM-1 gene test.

Pre-recruitment gene test
For analysis of GSTM1 genotype, whole blood was collected in
EDTA lavender top vacutainers for each participant, blood components
were centrifuged and separated and peripheral blood leukocytes were
obtained before enrolling, as decision criteria. The GSTM1 genotype
was detected using a multiplex Polymerase Chain Reaction (PCR)
reaction. Genomic DNA was isolated using the Gentra Puregene
Kit (Qiagen, China Co., Ltd) in accordance with the manufacturer’s
protocol. 80-100 ng of DNA was amplified in a total volume of 25 ml
reaction containing 20 mmol/L Tris-HCl; 50 mmol/L KCl; 1.5 mmol/L
MgCl2; 2 mmol/L of each deoxynucleotide triphosphate; 1 pmol of
each primer; and 1.25 U of AmpliTaq DNA polymerase. PCR was
carried out in a termocycler (ThermoFisher, Tokyo, Japan), after 5 min
of pretreatment at 94°C, 30 cycles of 1 min at 94°C, 1 min at 59°C and 30
s at 72°C, followed by 5 min at 72°C. The PCR products were analyzed by
electrophoresis on 10% acrylamide gel and detected by a non-radioisotopic
technique using a commercially available silver staining method.
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Briefly, the absence of a 230 bp product in the electrophoretic
profile indicates homozygous deficiency for the GSTM1 gene. As a
quality control, a beta-globin amplicon of 280 bp was included in the
assay. A fragment of 312 bp related to a nonpolymorphic fragment of
the CYP1A1 gene was used as an internal control in all reactions. The
ABI 7900HT Sequence Detection System (Applied Biosystems, USA)
was used for ascertainment of the genotypes.

Study design
Seventy-five GSTM1-null, healthy, non smoking teetotaller
or using a maximum of 20 g alcohol/day men (n = 47) and women
(n = 28) aged 38-69 years (mean = 49.7) with body–mass index
ranging from 22 to 29 kg/m2 participated in the study. All enrolled
participants were free from acute or chronic diseases and did not
consume antioxidant or other supplements such high intake of dietary
polyphenols including coffee, grapefruit juice or anti-inflammatory
medications. Subjects were divided in 3 groups (25 subjects each): a)
Given an oral bioavailable glutathione-based compound added with
selenium, L-cysteine and vitamin C (GLU-9599, (content per 100 mg:
GSH 36 mg in a patented orally-bioavailable form, vitamin C 6 mg,
L-cystein 7,4 mg, selenium 8 mcg, Named Research Co., Lesmo, Italy)
at the dosage of 1 tab a day for two months; b) 600 mg of glutathione
in 250 ml saline, given intravenously over 90 min with a pump-syringe,
twice a week for 2 months; and c) Given 3 gr a day of an oral chelator
consisting of a mixture of polyols, chabasite-phillipsite and organic
ascorbate (Novagenics-SOL ltd, HongKong), for two months.

Dietary questionnaire
As for nutritional assessment tool over the past month and during
the study period, it was used the web-based version of the National
Institutes of Health Diet History Questionnaire (NIHDHQ). This
consists of a food frequency questionnaire listing 124 food items and
portion sizes. This tool has been shown to provide a fairly reliable nutrient
estimate and fair consistency and validity [21]. A great deal of attention
was paid as for advising patients not to change their dietary habit during
the observation period. In particular, they were warned not to increase fish
or shell fish or algae intake and no food supplement was allowed.

Ethics approval and consent
This work was ethically approved by the internal review board
(ReGenera Research Association for no-profit Studies in Aging
Intervention, protocol GLU-9599-24/2014) according to the principles
of the Helsinki Declaration. A written consent was obtained from each
individual, according to the guidelines of the board.

Samples collection and storage
After an overnight fast, venous blood samples were taken and put into
a dry tube for serum, a citrate containing tube, while an EDTA-containing
tube for plasma was used for clinical chemistry analyses. The tubes were
centrifuged at 3500 rpm for 15 minutes at room temperature. Plasma was
separated and stored at -80°C until required for analysis.
On the examination day, blood samples were taken for routine
testing (glucose, transaminases, haemoglobin, urea, creatinine,
electrolytes) by automated standardized procedures (Hitachi 911 using
commercial kits) and for further studies as described below. Blood,
faecal and urine samples were taken at entry, at 1 and at 2 months.

Biochemical Assays
Routine biochemistry performed by an autoanalyser (CLS-B201,
Landcom Medical Science & Technology Co., Ltd., Xian, China).
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Measurement of glutathione status in erythrocytes
Fasting peripheral blood (0.5 mL) samples were obtained from
subjects in the morning were centrifuged at 1000 g for 10 min and
put into heparinized tubes. The blood was diluted with equal volume
of Ca++ and Mg++ free Dulbecco’s Phosphate Buffered Saline (PBS).
Erythrocytes were separated from plasma and buffy coat and washed
three times with 10 vol of phosphate-buffered saline (PBS, pH 7.4) to
obtain erythrocyte sediments. Erythrocytes were then fractionated by
Percoll discontinuous density gradient/centrifugation. Glutathione
metabolites were measured in RBC using a spectrophotometric
methodology [22]. Briefly, samples were precipitated with ice-cold
metaphosphoric acid and kept at 4°C to be subsequently centrifuged
for 10 min at 1200 g for preparing samles for GSH and GSSG
measurements. As for glutathione peroxidase activity the extraction
mixture consisted of 50 mM potassium phosphate buffer (pH 7), 1 mM
EDTA, 1 mM NaN3, 0.2 mM NADPH2, 1 EU/ml GSSG reductase, 1
mM GSH, 1.5 mM cumene hydroperoxide or 0.25 mM H2O2 in a total
volume of 1 ml. Red-cell lysate was added to 0.8 ml of the mixture and
incubated for 5 min at room temperature before adding 0.1 ml peroxide
solution to trigger reaction. Supernatants of the above procedures
were retrieved and split and absorbance at 340 nm was recorded for
5 min. In particular, the GPx activity was calculated from the slope of
these lines as mol NADPH oxidized per minute. Blank reactions were
subtracted from each assay [23].

Urine collection
For heavy metals evaluation, total 24 h-urinary collection volume
was recorded and aliquots (100 mL) were treated with 2 mL of 90%
pure HNO3 and stored at -20°C until assay. Additional urine aliquots
(20 mL) were stored at -20°C for later measurement of 8-OHdG.

Composite heavy metal exposure
Urine samples were analyzed for the following heavy metals:
aluminium, arsenic, cadmium, lead, mercury, nickel and beryllium by
using an inductively coupled argon plasma mass spectrometry (ICPMS) with an Agilent 7500ce instrument as described elsewhere [24].
According to the IUPAC guideline the reference value was defined
within the 95% confidence interval of the 95th population percentile
[25]. The results in the samples were expressed as μg/L. As already
suggested by Pizzino et al. [26] in order to express the Composite
Exposure Index, a Principal Component Analysis was performed and
the resulted F1 factor was assumed as representative of global exposure
to all other heavy metals. Correlation and linear regression were
calculated according to Spearman's method or Pearson's test, for nonparametric or parametric data, respectively.

Faecal ammonia analysis
Faecal samples were placed on dry ice and immediately taken to
the laboratory where they were quickly thawed in a warm water bath
(30°C) and homogenized and aliquots kept frozen at -70°C. After faeces
were diluted and centrifuged, ammonia concentration was measured as
follows. The stool was suspended in 0.02 N HCl and heated at 100°C
for 1 h. The supernatant obtained from centrifugation of the solution
(18000 x G, 10 min) was filtered and analyzed as a sample for ammonia
level quantification using HPLC.

Faecal analysis of oxidative stress
To assess the in vitro generation of reactive oxygen species in
the morning faeces, the slightly modified method based on dimethyl
sulfoxide-methanesulfinic acid reaction was used [22]. Each fecal sample
Metabolomics (Los Angel), an open access journal
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(1-2 g) was incubated for 5 h at 37°C in tris-buffered saline (pH 7.0)
containing 5% dimethyl sulfoxide as a scavenger for hydroxyl radicals
(0.7 mol/L), glucose (0.1%) and Na2EDTA (50 mmol/L) at 37°C. The
sample was then centrifuged at 900 × g for 10 min at room temperature.
Then, by lowering the pH to 1.0 for 10 min with the addition of 12
mol HCl/L, the supernatant was separated and the protein removed
as a precipitate. The sample, returned to 7.4, was centrifuged at 900 ×
g for 10 min at room temperature and the supernatant was stored at
-20°C before analysis of the methane sulfinic acid content. The control
sample contained deferoxamin to avoid the catalytical conversion of
superoxide to the hydroxyl radical. After the reaction was halted with
500 μL deferoxamin (15 mmol/L), methane sulfinic acid was extracted
and analyzed by straight phase HPLC to determine methane sulfinic
acid. All samples were measured in triplicate.

Faecal heavy metal test
A 15 mg of stool specimen was used to perform this analysis by
using the same ICP-MS methodology as the one above described for
urine. Data were expressed on a dry weight basis to avoid variability
related to water content of the specimen

8-OHdG urinary concentration
Urinary 8-OHdG concentrations were measured using an enzymelinked immunosorbent assay (8-Hydroxydeoxyguanosine Check; Japan
Institute for the Control of Aging, Shizuoka, Japan) [27]. Results were
expressed as ratios to the creatinine contents (per mg Cr) measured in
the same samples. Optical density of each sample was tested at 490 nm
and compared to a standard curve to measure the final concentration,
as suggested by Roberts and Francetic [28].

Statistical Analysis
Data were tested for normal distribution with the Shapiro-Wilk
normality test, and variables that did not display normal distribution
were log-transformed. All values were expressed as mean ± SE.
Differences in each variable among treatment groups were tested with
generalized linear models adjusted for a linear response, including the
three treatments and their interaction as fixed factors. The results were
evaluated by one way Analysis of Variance (ANOVA) followed by a
Tukey’s multiple comparison test. Statistically significant differences
between groups were defined as 𝑃<0.05. All calculations were
performed with the GraphPad Prismprogram 5.0 (GraphPad Software
Inc., San Diego, USA).

Results
No adverse effect was reported by any of the treatment employed.
After the first month of treatment, the group given i.v. GSH had a
number of voluntary drop out or skipping the appointment (altogether
10 subjects) thus making the second month data unavailable for
statistical analysis per se. Nonetheless, the remaining subjects
continued the study and care was taken in order to statistically evaluate
the group given treatment only for a month.

Measurement of glutathione status in erythrocytes
At baseline, all groups had a similar redox profile, While i.v. GSH
showed not to exert any significant effect on the examined redox
parameter, GSH-9599 showed to significantly increase RBC level
of GSH and of GPx and a reduction of GSSG already at 1-month
observation and throughout the study period (Figures 1(a, b) and 2,
p<0.01). Chelator administration didn’t bring about any modification,
besides a not significant trend improvement of GSH/GSSG ratio at
2-month observation.

Volume 6 • Issue 3 • 1000185

Citation: Makida Y, He F, Mohania D, Balieiro-Neto G, Alagozlu H, et al. (2016) Effect of a Novel GSH-based Compound and Chabasite-phillipsitebased Chelator in Environmentally-exposed Poor Detoxifiers: An Adjuvant Hepatoprotective Treatment for Poly-drug Users? Metabolomics
(Los Angel) 6: 185. doi: 10.4172/2153-0769.1000185

Page 4 of 7

Faecal ammonia analysis
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3,50

This analysis showed that neither GLU-9599 nor i.v. GSH
administration changed the gut extraction of ammonia. On the other
hand, the oral Chabasite-phillipsite-based chelator brought about a
significantly decreased concentration already at 1-month observation
(p<0.001 vs. baseline) and this effect was maintained also at the end of
the study (Figure 3, p<0.001).

* *

3,00

GSH

2,50
2,00

Faecal analysis of oxidative stress

1,50

Gut epithelial oxidative stress was not affected by GLU-9599 or
i.v. GSH but decreased in the chelator-treated group and this reached
a statistically significant level only at the end of the study (Figure 4,
p<0.01 vs. baseline).
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Figure 1a: Glutathione status in erythrocytes: GSH. Effect of oral, i.v. GSH or
chelator. Y axis expresses GSH as mmol/L cell. White bar: baseline; grey bar:
1-month treatment; dotted bar: 2-month treatment. *p<0.01 vs. baseline and the
other treatment groups.
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Irrespective of the group, all patients showed an overall abnormal
faecal metals profile with the exception of antimonium and nickel.
Unlike i.v. GSH, GSH-9599 brought about a trend increase of cadmium
elimination by faeces but this didn’t reach a statistical significance
(Table 1). On the other hand, the chelator-treated group showed a
significant faecal elimination of heavy metals starting at 1-month
observation (Table 1, p<0.05 vs. baseline) and with a further timecourse trend increase at the end of the study as for mercury, cadmium
and lead.

8-OHdG urinary concentration and correlation with
Composite Heavy Metal Exposure

* *

O-GSH

Faecal heavy metal test

IV-GSH

Chelator

Figure 1b: Glutathione status in erythrocytes: GSSG. Effect of oral, i.v. GSH or
chelator. Y axis expresses GSSG as µmol/Lcell. White bar: baseline; grey bar:
1-month treatment; dotted bar: 2-month treatment. *p<0.01 vs. baseline and the
other treatment groups.

Subjects showed a wide range of urinary concentration of 8-OHdG
at baseline (Figure 5). Although i.v. GSH seemed to bring about a
trend decrease of this value, this did not reach a statistical significance.
However, GSH-9599-treated group showed a significant decrease of
this parameter already after one month (Figure 6, p<0.05) and this
effect was maintained also at the end of the study (p<0.05 vs. baseline).
The chelator administration didn’t modify this parameter. When
plotting this scattered figure against composite heavy metal exposure,
it appeared to be a significant direct relationship among the two
variable with a linear regression pattern (Figure 6, r: 0.63, p<0.05). No
other baseline variable, either anthropometric, biochemical or gender
showed a significant correlation with composite heavy metal exposure.

Discussion
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Figure 2: Glutathione status in erythrocytes: GPx. Effect of oral, i.v. GSH or
chelator. Y axis expresses GPx as U/mgHb. White bar: baseline; grey bar:
1-month treatment; dotted bar: 2-month treatment. *p<0.01 vs. baseline and the
other treatment groups.
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The liver carries almost a complete array of drug metabolizing
enzymes and the majority of them detoxify xenobiotics or endobiotics.
However, in some instances, these mechanisms aren’t totally efficient
or overburdened by toxins and this leads to an accumulation of
metabolites with potential liver injury and/or activation of systemic
chronic inflammation [29]. Exposure in daily life to varying doses
of environmental contaminants and toxicants has been related to
human health and depends also on individual genetic susceptibility
to xenobiotic metabolism. These range from subjects with regular
detoxification enzymatic functions to poor metabolizers showing from
low to no specific enzyme activity [20]. Although phase I detoxification
study was outside the aim of our study, it is noteworthy mentioning
that Cytochrome monooxygenases P450 enzymes (CYPs) mediated
drugs bioactivation may trigger harmful oxidative stress and indeed
CYPs are the main source of ROS [30]. As a matter of fact, CYP1A1
phase I enzyme, and GSTM1 phase II enzyme, could significantly
affect individual variability in the metabolism of chemical substances
and finally modifying the susceptibility also to cancers [31-33]. This
is because glutathione-S-transferase acts in the detoxification of
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Figure 3: Faecal ammonia analysis (μg/g wet faeces). Effect of oral, i.v. GSH or
chelator. White bar: baseline; grey bar: 1-month treatment; dotted bar: 2-month
treatment. *p<0.001 vs. baseline and the other treatment groups.
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Methane sulfinic acid

μmol/kg wet faeces
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(1.2 ± 0.4)
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1.3 ± 0.5
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1.1 ± 0.5

(1.1 ± 0.2)
1.4 ± 0.1*
1.5 ± 0.7*

<0.5

(0.7 ± 0.1)
0.8 ± 0.3
0.7 ± 0.6

(0.8 ± 0.12)
0.8 ± 0.09

(0.7 ± 0.08)
1.2 ± 0.45*
1.3 ± 0.11**

<0.3

(0.7 ± 0.09)
0.08 ± 0.027
0.07 ± 0.043

(0.6 ± 0.1)
0.6 ± 0.08

(0.8 ± 0.1)
1.4 ± 0.07*
1.3 ± 0.14*

Antimonium mg/
kg dry wt
1
2

<0.08

(0.06 ± 0.01)
0.05 ± 0.01
0.06 ± 0.06

(0.04 ± 0.03)
0.04 ± 0.02

Beryllium
mg/kg dry wt

<0.009

(0.01 ± 0.003)
(0.007 ±
0.009 ± 0.006
0.004)
0.009 ± 0.004 0.007 ± 0.002

Mercury
mg/kg dry wt
Cadmium
mg/kg dry wt

*

Lead
mg/kg dry wt
Arsenicum
mg/kg dry wt

O-GSH

IV-GSH
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Figure 4: Faecal analysis of oxidative stress. Effect of oral, i.v. GSH or chelator.
Expressed as Methane sulfinic acid. White bar: baseline; grey bar: 1-month
treatment; dotted bar: 2-month treatment. *p<0.01 vs. baseline and the other
treatment groups.

xenobiotics, drugs and toxins and metabolites are also involved in the
regulation of mitogen-activated protein kinases [34,35]. Interestingly,
our subjects, as pre-selected to be GSTM-1 null genotype, had a normal
erythrocyte redox balance but a rather wide distribution of urinary
8-OHdG comprising up to significantly abnormal values. 8-OHdG
urinary concentration is one of the most relevant effects of free radicalinduced oxidative lesions in DNA structure. This biomarker has
been also used to evaluate DNA damage in humans after exposure to
mutagenic agents, such as tobacco smoke, hydrocarbons derivatives
and heavy metals which are known indeed to generate reactive oxygen
species either in humans and inside the ecosystem [36-39]. In this
respect, our study confirmed prior observations about a significant
direct correlation between urinary concentration of 8-OHdG and
composite heavy metal exposure [26]. It is noteworthy that chelator
was the only treatment to significantly increase stool discharge of
heavy metal (xenotoxin) and ammonia (endotoxin) and, at the same
time, decreasing gastrointestinal oxidative stress. The importance
to lower endotoxin has already been shown in healthy individuals
doing intense physical activity [19]. However, this treatment did
not affect redox balance when measured at RBC level and urinary
concentration of 8-OHdG which. We have no sound explanation for
this discrepancy but we have to consider that chelators act through
Metabolomics (Los Angel), an open access journal
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Nickel
mg/kg drywt

1
2
1
2
1
2
1
2

1
2
1
2

<8

(5.8 ± 0.8)
5.3 ± 0.8
5.6 ± 0.3

(6.4 ± 1.2)
6.2 ± 1.1

(0.04 ± 0.02)
0.04 ± 0.01
0.05 ± 0.09
(0.009 ± 0.004)
0.013 ± 0.001*
0.015 ± 0.002*
(6.1 ± 0.16)
5.6 ± 0.36
5.4 ± 0.23

Table 1: Faecal heavy metal test: effect of oral, i.v. GSH or chelator. 1: Values
at 1-month observation in brackets. 2: values at 2-month observation. p<0.01 vs.
baseline and the other treatment groups.

ng/g creatinine

8-OHdG

Fecal Ammonia

600

sieving physical cation-exchange mechanisms exclusively at gut level
(Figure 7) with potential osmotic retrieval of heavy metal from the
body. This explains the increased stool discharge of pollutants during
treatment with chelators but, on the other hand, a direct and significant
systemic redox regulating effect cannot be expected. Faecal biliary
excretion is the main elimination route of many toxic metals from the
body, thus representing a fairly reliable indicator of dietary exposure.
Considering that the formation of metal-glutathione complexes, 90%
of which are excreted into the bile, is the most important process by
which sulfhydryl reactive metals are eliminated, one cannot rule out
the possibility that the association of chelators could benefit from the
addition of viable sources of GSH, such as GLU-9599 seems to offer.
As a matter of fact, unlike i.v. infusion of GSH, GLU-9599 significantly
improved the urinary excretion of 8-OHdG which, as outlined above,
was correlated to the composite exposure index, i.e., a validated
cumulative parameter evaluating appropriate aggregation of indicators
which are representative of the whole dynamic phenomenon [40].
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Figure 5: Effect of oral, i.v. GSH or chelator on 8-OHdG urinary concentration.
White bar: baseline; grey bar: 1-month treatment; dotted bar: 2-month treatment.
*p<0.01 vs. baseline and the other treatment groups.
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One can envisage that Glu-9599, although unaffecting heavy metals
discharge per se, may have beneficially influenced the related oxidative
stress caused by pollutants at a systemic level. The quest to orally deliver
viable GSH until recently has been rather disappointing and recently
Allen and Bradley RD by testing an oral GSH-based supplement in
healthy humans showed that this brought about no significant changes
in biomarkers of oxidative stress, including glutathione status [41].
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This holds of interest when considering the recent findings of Al
Bakheet et al. [42] who pointed out that, under pollutant exposure, the
mRNA expression levels of detoxifying genes such as also GSTM-1
were significantly decreased and affecting also CYP1A1 which regulates
key enzymes in drug, xenobiotic metabolism and procarcinogens
inactivation. In summary, the widespread environmental concern and
of poly-pharmacological regimes pose a constant threat to health and
this may particularly apply to poor-detoxifier individuals. Thus, this
formulation of orobuccal fast release GSH stabilized in food grade
fat matrix and capable of delivering native reduced glutathione may
represent a valuable adjuvant therapeutic option.
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