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ABSTRACT: Alzheimer’s disease (AD) is a devastating neurodegenerative disorder that affects millions of people worldwide. The
characteristic pathological manifestation of AD includes the deposition of extracellular insoluble β amyloid plaques and intracellular
neurofibrillary tangles formed from hyperphosphorylated tau protein. Cost effective and minimally invasive peripheral blood-based
biomarkers are critical for early AD diagnosis. Currently, the plasma based two fraction of β amyloid peptide ratio (Aβ42/40) and
phosphorylated tau (p-tau) are considered as blood-based biomarkers for AD diagnosis. Recent research indicates that oxidative
stress (OS) occurs prior to amyloid plaque (Aβ) formation and abnormal tau phosphorylation in AD. The imbalance of the master
antioxidant, glutathione (GSH), and prooxidants (iron, zinc, and copper)�plays a crucial role in AD neurodegeneration. We
present peripheral blood-based OS related biomarkers that are mechanistically involved in the disease process and may serve as a
novel screening tool for early detection of AD onset. This OS based approach may also provide a quick and cost efficient method to
monitor the effects of disease-modifying therapies in AD clinical trials.
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■ INTRODUCTION
Alzheimer’s disease (AD) is a major progressive neurological
disorder that leads to the gradual deterioration of cognitive
reserve and impaired activities of daily living. The β amyloid
and abnormal tau-phosphorylation hypotheses have dominated
the pathogenesis of this disease. The cause, however, is not yet
identified, and no drug is available for AD modification or cure.
The hallmark of AD was considered the presence of senile
plaques caused by aggregation of extracellular Aβ protein and
intracellular formation of neurofibrillary tangles (NFTs)
leading to hyperphosphorylation of τ protein.1 Biomarkers
from cerebrospinal fluid (CSF) as well as from blood (plasma)
involving amyloid peptide and phosphorylated tau are used in
clinical settings. The CSF based biomarkers detection
procedure is expensive and intrusive requiring a lumbar
puncture, thus hindering wide clinical application. On the
contrary, blood-based biomarkers detection procedure is less
expensive and associated with minimal patient discomfort.
Hence, blood-based biomarkers are preferred options in
patient population.
In AD, the serum level Aβ42/Aβ40 peptide ratio is assessed

using immunoprecipitation and liquid chromatography−mass
spectrometry assay. Studies have shown significant depletion of
this Aβ42/Aβ40 ratio in mild cognitive impairment (MCI) and
AD compared to healthy controls (HCs). Similarly, there is a
significant elevation of p-tau 181/217/231 level in blood
(plasma) of AD patients compared to HC. In the case of MCI,
however, the increase of p-tau 181/217/231 level is not
significant as depicted in Figure 1.
In the past three decades, most of the clinical trials involving

AD are based on amyloid and tau phosphorylation hypotheses,
and to date, we do not have any reliable and safe disease

modifying drugs. It is important to note that Aβ plaques have
been reported in autopsy brains from individuals with no
report of cognitive impairment prior to death. Hence, the
presence of amyloid plaque in the brain does not necessarily
correlate with abnormal clinical findings. The recently
approved anti-amyloid drug (lecanemab) was reported to
reduce amyloid load in early AD patients, slowing global
decline in cognition. However, lecanemab and other similar
drugs have adverse effects, as evidenced by cerebral edema and
microintracerebral hemorrhages.3 Meta-analysis of brain
imaging data involving anti-Aβ drugs has found drug-induced
decrease in brain volume, accelerating hippocampal atrophy.3

This necessitates urgent attention for the development of
potential drugs that have disease modifying properties.
Recent research highlighted that oxidative stress (OS), an

indicator of imbalance in redox homeostasis, occurs prior to
amyloid plaque (Aβ) formation and abnormal tau phosphor-
ylation in AD.4 Hence it necessitates the validation of OS
based blood biomarker for early detection and screening of AD
patients. The redox imbalance and the generation of free
radicals are the primary outcome of OS. We have thus
suggested the mechanism of Aβ oligomerization and
subsequent tau-mediated neurofibrillary tangles (NFTs) are
due to OS induced neurotoxicity.4
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■ OS IN AMYLOID PLAQUE FORMATION AND
ABNORMAL TAU PHOSPHORYLATION

Depletion of the brain antioxidant GSH and elevation of
susceptibility (elevation of iron (Fe), zinc, and copper) in the
hippocampus were demonstrated by state-of-the-art magnetic
resonance spectroscopy and quantitative susceptibility meas-
urement in AD patients. A transgenic AD mice model study
validated depletion of GSH preceding amyloid plaque
deposition. Similarly, GSH depletion initiates the dimerization
of cysteine disulfide link in tau protein and subsequent NFT
formation. The plausible mechanism is presented in our recent
work.4

■ PATTERN OF CHANGE OF OS BASED
BIOMARKERS IN HEALTHY AND PATIENTS
GROUPS

Although iron and GSH have been measured separately in
clinical populations along with other metabolites, there is only
one study that reported both GSH and iron levels in the blood
as well as in the brain from the same study participants. It was
found that GSH levels in the hippocampus and blood plasma
respectively do not change in various healthy age groups
(Figure 2A,B). Similarly, in the healthy age group, iron levels in
the hippocampus do not change; however, blood serum iron
levels increase nonsignificantly in the older age groups (Figure
2C,D).
In the patient group, there is a consistent significant GSH

depletion pattern in the brain and blood plasma (Figure 2
E,G). It was consistently measured from a cross-sectional study
involving a large MCI and AD population. There is a report of
significant depletion of GSH levels in the hippocampus in MCI
patients compared to HC; however, the iron level in
hippocampus patients increases nonsignificantly in MCI
group compared to HC. The increased level of iron, however,
is significantly increased in the AD group (Figure 2E,F).
Longitudinal study with MCI cohorts showed a significant
depletion of GSH level (in plasma) within a two-year time
frame from baseline (Figure 2 I). In that same longitudinal
study, MMSE scores also decreased significantly. Autopsy
studies have confirmed the presence of depleted GSH levels in
the hippocampal area of MCI patients.5

The distribution patterns of iron in the brain and serum in
AD are different. The state-of-the art quantitative susceptibility
measurement of similar patients indicated that the iron level in
the hippocampus is increased nonsignificantly in MCI;
however, significant increment is observed in AD (Figure 2
F), which is supported by existing literature and autopsy

studies. Various reports have indicated that serum iron level is
depleted significantly from HC to MCI to AD. In the AD
group, there is a significant depletion of iron based on severity
(mild/moderate/severe) (Figure 2H,J). The mechanism of
reciprocal relationship of iron in the brain and serum in AD
patients is not known yet.
Based on significant depletion of serum iron in AD patients,

researchers have established that anemia is a risk factor for
cognitive loss. The Australian imaging biomarker and lifestyle
cohort study reported that people with anemia were 2.40-fold
more likely to have AD. This area of clinical research warrants
closer investigation along with GSH levels.

■ FUTURE DIRECTION
In healthy subjects, both GSH (plasma) and iron (serum) on
the same population are already investigated. In the next step,
for clinical validation purposes, it is critical to measure both
GSH (plasma) and iron (serum) levels concomitantly from
different types of patients (MCI, AD, and Parkinson’s disease)
compared to age-matched individuals without memory and
movement-associated complaints. This requires urgent clinical
validation of the laboratory findings in community settings
with extensively worked up individuals for neuropsychological
examinations and blood tests. This will immensely help in
developing the cutoff range of GSH (plasma) and iron (serum)
levels in the blood as biomarkers for detecting early AD in
clinics. Furthermore, enriching the brain with GSH for
maintaining cognitive reserve is also necessary as highlighted
in earlier studies. Subsequently, a randomized clinical trial in
this direction is urgently required.

■ CONCLUSION

Oxidative stress is the early event in AD, and biomarkers
derived from this hypothesis are mechanistically associated
with this disease. Validation will help to pave the way for
clinical use in screening AD patients and may be helpful for
monitoring efficacy of experimental drugs in clinical trials. We
need greater cooperation among clinicians and researchers to
initiate large scale clinical study with stringent inclusion and
exclusion criteria. This viewpoint provides a critical analysis of
our ongoing work and available literature. We could not cite all
relevant works due to restriction on the total number of
references.

Figure 1. Existing plasma-based biomarkers to screen MCI and AD patients. Tests with statistically significant outcomes are marked by an asterisk
(∗). Significantly lower value of Aβ42/40 ratio was reported in amnestic-MCI patients compared to healthy subjects.2 P-tau 217 refers to
phosphorylation of threonine residues at 217 amino acid position. In AD-affected brains, tau protein is present in the form of abnormal
neurofibrillary tangles. Autopsy studies from AD-affected brains display a direct correlation between disease severity and tangle deposition.
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Figure 2. Distribution pattern of GSH and iron level of hippocampus and blood (plasma/serum) in healthy subjects and patients. Part A refers to
left hippocampal GSH levels from four age groups of HC subjects, and part B refers to plasma GSH levels in the same study groups.6 Parts C and D
refer to left hippocampal susceptibility and blood (serum) iron levels from the same study groups of healthy subjects (Gr(1), 20−30Y; Gr(2), 31−
40Y; Gr(3), 41−50Y; Gr(4), 51−73Y). Parts E and F refer to GSH levels and iron levels in the hippocampus regions for the same study
participants who were assessed, where again moving across HC to MCI to AD, a significant decrease in the GSH level and a significant increase in
the iron level was observed.7 Parts G and H refer to modulation of plasma GSH and serum iron levels from study participants. Part I refer to
longitudinal variations of GSH level in blood (plasma) of MCI patient within two years’ time frame.8 Part J refers to depletion of iron level in the
blood (serum) of AD patients with severity (mild/moderate/severe). To date, there is no report where GSH (plasma) and iron (serum) levels are
measured for the same clinical population.
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