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Abstract

Alzheimer’s disease is the most widespread advancing neurodegenerative disorder, and it is estimated that more than
50 million people have been affected worldwide. It is characterized by dementia, loss of sensory and motor function and
difficulty in performing work. NMDA antagonists and acetylcholinesterase inhibitors are currently being used as treatment
options for AD, but the treatment would not decline the disease progression as well as neurodegeneration. We used a unique
humicacid and Fulvic acid mixture in the current investigation for the treatment of amyloid-f intoxicated Alzheimer’s in vitro
model in SH-SY5Y cell line. Humic acid and fulvic acids are organic substances which will be produced by microorganism
from the biomass such as dead matter of animal as well as plants. Both the components were used in the 1:1 ratio against
AD induced cell line with optimum concentration 50uM/ml of each compound. The inflammatory mediators like Reactive
Oxygen Species (ROS) were estimated using flow cytometry - H2DCFDA staining assay and cytokines such as TNF-a and
IL-18 levels were estimated using ELISA. The results obtained from present study implicating that the humic acid and fulvic
acids and their novel combinations lessen the ROS, cytokines level and decreased the apoptosis levels there by it exhibiting

the neuro-protective mechanism via inhibiting neuro-inflammatory pathway in AD.
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1. Introduction

Alzheimer’s Disease (AD) is a classic neurodegenerative
disease that primarily affects the ageing brain and
is characterised by a variety of cognitive deficits,
including difficulties with working, emotional, and
sensory-motor gating. An estimated 50 million people
worldwide have AD, according to estimates', there
would be 82 million cases of AD worldwide in 2030
and 152 million cases in 2050% It is also linked to
neuropathological alterations due to the deposition
of p-amyloid peptide (AP) fragments in extracellular
space around the neurons. Amyloid Precursor Protein,
a transmembrane protein, is processed by the proteases
B-secretase and y-secretase to create Ap°.
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AP induces oxidative stress resultantly it enhances
the level of B-secretase and y-secretase, which further
up regulate the production of Ap in AD affected brain®.
As tau proteins are formed into hyper phosphorylated,
insoluble aggregates known as neurofibrillary tangles
by AP fragments, which are more toxic to neurons,
cholinergic neurons in the hippocampus and
cortical regions of the brain are more susceptible to
degeneration, which lowers the level of acetylcholine.
One of the causes of altered neurophysiology, including
the cholinergic pathway’s signal transmission and
AD, is a depleted acetylcholine level’. Thus, reducing
or suppressing oxidative stress and AP-mediated
cytotoxicity may be a promising preventative or
therapeutic intervention in AD.
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AP (25-35) has been used frequently in studies of
AP characteristics because it is a simpler alternative
to the native full-length peptide, AP (1-42), which
is known to be implicated in the pathophysiology of
AD. These experiments assume that the mechanisms
of action of AP (25-35) and AP (1-42) are similar.
In comparison to the original AP (1-42), the shorter
peptide is more toxic to cultured neurons, exhibits
toxicity early, oxidises membrane proteins more,
and aggregates more quickly. In fact, although
these traits are enhanced, AP (25-35) matches the
toxicological and aggregation properties of the full-
length peptide®. Tumour necrosis factor (TNF-a),
which increases apoptosis and necrosis events in
the brain’s sensitive regions like the hippocampus,
is produced by the AP (25-35), which also causes
oxidative damage, free radical production, microglial
activation via cytokines, and microglial activation in
the rat brain’.

Glutamate antagonists and cholinesterase inhibitors
are two of the available treatments for AD. These
symptomatic treatments have side effects and neither
slows down the disease’s course nor stop neuronal
deterioration. As a result, many medications are being
developed that aim at a variety of targets and are
anticipated to treat AD more effectively than single-
targeting drugs®'’.

Fulvic Acid (FA) was previously tested for
cardio protective, anti-inflammatory, anti-diabetic,
antioxidant activity, and in an in vitro model, it was
shown to prevent the aggregation and disintegration
of tau fibrils linked to AD. Humic acid was previously
tested for neuroprotective and hepatoprotective activity

H-16 Therefore, in

in both in vitro and in vivo studies
the present study, SH-SY5Y in vitro cell line model
administration with AP (25-35) was suggested as a
logical strategy to create a sporadic AD model for

assessing the effects of a novel 1:1 ratio of FA and HA.

2. Materials and Methods

2.1 Materials

Amyloid beta (AP (25-35), 295 %) and Minimum
Essential Medium (MEM) was purchased from
AllianzBio (Mabharastra, India), dimethylsulfoxide
(DMSO,299.9%),ELISAkitand3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyl tetrazolium bromide (MTT, >99.9
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%) were obtained from Sigma-Aldrich (St. Louis, MO).
2;7’-dichlorodihydrofluorescein diacetate (H2DCFDA,
>99.9 %) was purchased from Thermo Fisher Scientific.
All other reagents were from commercial suppliers and
of standard biochemical quality.

2.2 In Vitro Study (AB 25-35 Intoxicated
SH-SY5Y Cell Lines Model)

2.2.1 Maintenance of Cells

The human neuroblastoma cell line SH-SY5Y was
purchased from NCCS, Pune, India. The 1% antibiotic-
antimycotic solution and 10% FBS were added to MEM
media to sustain SH-SY5Y cells, which were then
subcultured every two to three days at a temperature of
37°Cin a CO, incubator'’.

2.2.2 Cell Viability Assessment — MTT Assay

The MTT [(3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyltetrazolium bromide)] assay, which is based
on the theory of conversion of MTT to formazan,
was used to assess the neuronal viability in terms of
mitochondrial metabolic function. The SH-SY5Y cells
were pre-treated with AB 25-35 (10uM) for 2 hours to
determine the protective effect and then post-treated
with Fulvic Acid (FA), Humic Acid (HA), and FA+HA
(1:1) using a non-toxic concentration of 50 pM/ml. A
microplate reader was used to measure the absorbance
at 570 nm after additional cells were treated with MTT
(0.5 mg/ml in medium) for 3 hours at 37 °Cin 5 % CO,.
The formazan crystals that formed as a result were then
dissolved in DMSO. The conventional formula was
used to determine the percentage of SH-SY5Y cells that
were viable!%%’,

2.2.3 AB(25-35) Intoxication and FA, HA and

FA+HA (1:1) Treatment

In Minimum Essential Medium, the SH-SY5Y cell
lines were cultured in accordance with the prescribed
protocol. 20,000 cells per well were sown in 96-well
plates after a haemocytometer was used to count the
cells and 99% viability was established. The cells were
next treated post-induction with FA, HA, and FA+HA
(1:1) at a concentration of 50 uM/ml and incubated for
24 hours. The cells had previously been exposed with
AB 25-35 (10 uM) for 2 hours to induce neurotoxicity”'.
Following therapy, the following assessments were
carried out.
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2.2.4 Cell Morphological Observation

The morphological alterations in the SH-SY5Y cell
lines were observed and documented with the help
of inverted phase contrast microscopy (CKX-41,
Olympus, Tokyo, Japan) at a 20x magnification.

2.2.5 Measurement of IL-18 and TNF-a (Pro-
inflammatory Cytokines) by ELISA

After treating Ap-induced SH-SY5Y cells with FA, HA,
and combination of FA and HA in a 1:1 ratio, the levels
of IL-1p and TNF-a were determined in the cell culture
supernatants using commercially available ELISA
kits (Ray Biotech, Norcross, GA), in accordance with
the manufacturer’s instructions. A 96-well plate covered
with an antibody specific for human IL-1p (mouse
IL-6 antibody) or TNF-a (mouse TNF-a antibody) is
used in the experiment. Standards and samples were
pipetted into the wells, and the immobilised antibody
was employed to bind any IL-1p and TNF-a present in
the sample to the wells. After washing the wells, an anti-
human IL-1p /TNF-a biotinylated antibody was added.
HRP-conjugated streptavidin was pipetted into the
wells after unbound biotinylated antibody was removed
with washing. The wells were once again rinsed, and
then a TMB substrate solution was added. The amount
of IL-1P or TNF-a bound determines how much colour
appears in the wells. The stop solution (0.16M sulfuric
acid) turns the colour from blue to yellow, and the
microplate reader (ELX-800, BioTek, USA) was used to
measure the colour’s intensity at 450 nm **.

2.2.6 Assessment of Reactive Oxygen Species
(ROS) Level in AB Induced SH-SY5Y Cells by
Flow Cytometry

The ROSlevelin SH-SY5Y cells was assessed using a flow
cytometer from BD Biosciences in San Jose, California.
H2DCFDA, a cell-permeable non-fluorescent dye that
was used to identify ROS in treated cells and causes
them to produce DCF. Oxidative stress and the elevated
DCF intensity were inversely related. In brief, the cells
were cultivated in a 6-well plate at a density of 0.5 x
10% cells per millilitre and then incubate at 37 °C in a
CO, incubator overnight. Aspirate the used medium,
incubate the cells for two hours with A} protein (10 uM/
mL) to cause neuro-inflammation or neurotoxicity, and
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then added 50 uM/ml of experimental chemicals (HA,
FA, and HA+FA) to one millilitre of culture medium.
To serve as a negative control, one well has been left
untreated”’.

The cells were collected and used medium at the end
of the treatment cycle, placed in 5 ml polystyrene tubes,
and centrifuged the tubes for five minutes at 300 x g at
25 °C. After carefully decanting the supernatant, it was
washed twice with PBS and finally, PBS was decanted.
The cells were re-suspended in an H2DCFDA working
solution, generated in culture media at 1 x 10° cells/ml
density, and incubated at 37 °C for 30 min while being
shaded from the light. The tubes were centrifuged
at 150 x g for 5 minutes. The supernatant was gently
removed and then the cells were re-suspended in 400
ml of pre-warmed DPBS. A flow cytometry (BD FACS
Calibur) analysis was carried out using a 488 nm and
a 535 nm (FL1) laser for excitation and detection,
respectively. Software developed by BD Cell Quest pro
was used to assess the percentage of ROS level under
every circumstance’.

2.2.7 Live/Dead Assay by Confocal Fluorescence
Microscopy

The cells were cultured overnight at 37 °C in a CO,
incubator in a 6-well glass bottom plate with a cell
density of 0.5 x 10° cells/2 ml. The cells were exposed to
AP protein (10 uM/mL) for 2 hours, followed by fulvic
acid, humic acid, and FA+HA (1:1) at a concentration
of 50 uM/ml in 1000 pl of culture media, and the cells
were then incubated for 24 hours. As a control, cells that
weren't treated at all were used. Each well's medium was
taken out and put into 12 x 75 mm polystyrene tubes.
The tubes were then washed with 500 pl of PBS. PBS
was taken out, 250 pl of trypsin-EDTA solution was
added, and the mixture was incubated at 37 °C for 3 to
4 minutes. The culture liquid was added back to each
well, and the cells were then immediately harvested
into 12 x 75 mm polystyrene tubes. The cells were
stained for 10 minutes using 200 uL staining solution
with 100 pg/ml of EtBr and acridine orange. The edges
of the cover slip and a DPX mount were used to secure
a 100pl cell suspension. A filter cube and a fluorescence
microscope were used to observe under conditions
where EtBr is excited at 560/40 nm and emitted at
645/75 nm, and acridine orange is excited at 470/40
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nm and emitted at 525/50 nm. Using Image ] Software
version 1.48, images were superimposed””.

3. Results

3.1. Cell Viability Assessment - MTT Assay

Effect of HA, FA, and HA+FA on AP 25-35-impaired
SH-SY5Y cell lines’ cell viability levels.

The viability of Vehicle control cells was defined
as 99.66 %. The results are the mean + SD, n = 3.
Superscript **** denotes P< 0.001 between treatment
versus amyloid beta, ** denotes P< 0.001 between
vehicle control versus amyloid beta (Figures 1 and 2).

Table 1. The percentage cell viability values of AR induced
SH-SY5Y cells upon treatment of FA, HA and FA+HA with
50uM/ml concentration after the 24 hours treatment

o s
Culture condition % Cell viability

+SD
Untreated 99.66+0.6
AB,s.35 (10pM) 42.00+1.2%##

ABys.35(10uM) +FA (50uM)
AB;s.35(10uM) + HA (50uM)
AB,s.35(10pM) +FA+ HA (1:1) (50uM)

78.33£1.15%%*
66.66+1.52%**
87.66£1.52%**
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3.2 Statistical Analysis

GraphPad Prism Version 6.0, one-way ANOVA and
Tukey’s multiple comparison tests were used to establish
the statistical significance (Table 1).

3.3 Evaluation of FA, HA and FA+HA on Pro-
inflammatory Cytokines Expression in
AB Exposed SH-SY5Y Cells

The effects of HA, FA, and HA+FA on the levels of

cytokines like TNF-a and IL-1p in SH-SY5Y cell lines

exposed to AP 25-35 were observed (Table 2).

Table 2. Effect of FA, HA and FA+HA on pro-inflammatory
cytokines concentration in AP exposed SH-SY5Y cells

Treatment TNF-alpha IL-1 beta
Conc. -(uM/ml) (pg/ml) £ SD (pg/ml) £ SD
Vehicle Control 217.33+13.97 3.33+0.52

(ABys 35) 1619.17 + 19.03%##| 27.66 + 0.81###
ABys 35+ FAS0 UM |442.66 & 1591 *#%| 6,33 + 0,52 ***
ABos 3+ HAS0 UM [622.16 & 18.26 ***| 8.5 + 0,55 ***

AB,s 35+ (FA+ HA) 50 UM|337.83 & 14.61 *#%| 4,16 + 0.75 ***

Results are the mean + SD, n = 3. Superscript ***’
denotes P< 0.001 between treatment versus amyloid

MTT Cell viability study-AR25-35 induced model
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Figure 1. Overlaid bar graph depicted the percentage cell viability values of FA, HA and FA+HA with 50uM/ml
concentrations treated on AP stimulated SH-SY5Y cells in comparison to A alone and vehicle control. AR - Amyloid

beta, FA - Fulvic acid, HA - Humic acid.
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A-Untreated

B-Amyloid beta with 10pM

C-Ap + FA with 50uM
D-A beta + HA with 50uM

E-A beta +FA+HA with 50uM
(1: 1 ratio)

Figure 2. Microscopic observations of Fulvic acid, Humic acid and a combination of Fulvic acid and Humic acid in 1:1
ratio treated on B-amyloid stimulated SH-SY5Y cells with 50uM/ml concentration after the incubation period of 24 hours.
All the images were captured at 20x magnification. A — Amyloid Beta, Scale bar - 100um, FA - Fulvic acid, HA - Humic acid.

beta, ** denotes P< 0.001 between vehicle control
versus amyloid beta (Figures 3 and 4).

3.3 Evaluation of Impact of HA, FA and
HA+FA on ROS level in AB Exposed SH-
SY5Y Cells by Flow Cytometry

The impact of HA, FA and HA+FA on ROS level was
determined in SH-SY5Y cells by incubating with and
without 10 uM/ml A for a period of 2 hours and treat
the cells with 50 pM/ml HA, 50 uM/ml FA and 50 pM/
ml of HA+FA independently for a period of 24 hours,
later the cells were stained using H2DCFDA dye and
ROS in the cells were quantified by flow cytometer.
By labelling the cells with H2DCFDA dye, which
following reaction with cells subjected to oxidative
stress transforms into DCF the amount of ROS
intensity in the cells was determined. Oxidative stress
(ROS) and DCEF intensity expression were directly
proportional.
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It was discovered that untreated SH-SY5Y cells have
reduced DCF expression. After exposing SH-SY5Y cells
to AP 25-35 for 24 hours, the DCF level was increased.
As determined by H2DCFDA labelling using a flow
cytometer, HA and FA treatment for a period of 24 hours
decreased the ROS levels in AB-exposed SH-SY5Y cells, as
did a combination of HA and FA for a period of 24 hours.

The ROS level and oxidative stress were decreased
in Ap-exposed SH-SY5Y cells treated with HA, FA,
and HA+FA. Therefore, the findings of the H2DCFDA
investigation suggest that all of the substances had a
protective effect against the ROS level and oxidative
stress caused by AP in SH-SY5Y cells. The results of the
current study suggested that combining FA and HA ina
1:1 ratio may have a greater impact on neuroprotective
capacity than performing individually.

Results are presented as the mean + SD for n = 3. The
superscripts *** indicate that the comparison between
treatment and amyloid beta is significant (P<0.001),
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Effect of FA, HA and FA+HA on TNF-alpha
concentration in Amloid beta exposed SH-SY5Y cells

2000+
B untreated
E 1500 @8 A beta-25-35 (10uM)
> j @B A beta-25-35 (10uM)+FA
% @B A beta-25-35 (10uM)+HA
< 1000+ 0 A beta-25-35 (10uM)+FA+HA
w
% 500-
-

S
Q}Gb " s@ 3 \od x,z?‘ ’Sy“
& ,.;:Q Q&‘“ Q’Q\“\ <¥
v PL \Q&“
2> ’ -
& o> o o
v. \@' \’b ‘3’
o ¢ >
v v ‘OQ'\
-
GROUP

Figure 3. Overlaid bar graph depicted the TNF-a concentration observed in FA, HA and FA+HA with 50uM/ml
concentrations treated on AP stimulated SH-SY5Y cells in comparison to the A alone and vehicle control cells. TNF-a
concentration was expressed in terms of pg/ml. AB - Amyloid beta, FA - Fulvic acid, HA — Humic acid.

Effect of FA, HA and FA+HA on IL-1 beta
concentration in Amloid beta exposed SH-SYS5Y cells

30+
untreated

A beta-25-35 (10uM)
A beta-25-35 (10uM)+FA
A beta-25-35 (10uM)+HA
A beta-25-35 (10uM)+FA+HA

IL-1 beta (pg/ml)

Figure 4. Overlaid bar graph depicted the IL-13 concentrations observed in FA, HA and FA+HA with 50uM/ml
concentrations treated on A stimulated SH-SY5Y cells in comparison to the AP alone and Vehicle control cells. IL-1
concentration was expressed in terms of pg/ml. AB — Amyloid beta, FA - Fulvic acid, HA - Humic acid.
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Table 3. H2DCFDA expression study of the FA, HA and
FA+HA against SH-SY5Y cell line induced by A

Culture condition Perc;rét: g‘et:re‘lslii;);psr;ssed
Untreated 0.36+0.14
AB-10 uM alone 72.29 +2.13###
AB+FA 32.81 +£2.26***
AB+HA 4411 £2.27%*%

similarly ### indicates P < 0.001 between untreated
and amyloid beta (Table 3).

The intensity of Dichlorodihydrofluorescein (DCF)
was inhibited in FA, HA and FA+HA combinations in
AP intoxicated cells. % Cells expressed DCF intensity
in different culture conditions of FA, HA and FA+HA
with 50uM concentrations exhibited 32.81 + 2.26 %,

Thamotharan Govindhasamy and Kumar Mohan [ ¥}

44.11 £2.27 % and 23.35 + 3.29 % cells whereas AP with
10uM alone showed 72.29 + 2.13 % of ROS expression
respectively. Cells without treatment were served as a
control group (Figure 5).

The intensity of ROS was drastically depleted with the
novel combination FA+HA 50uM (1:1) concentration,
neuronal cell death and apoptosis significantly inhibited
in amyloid beta intoxicated SH-SY5Y neuronal cells and
statistically, it was significant and the p-value found that
<0.001.

3.4 Live/Dead Assay by AO/EtBr Staining
Legend: 1. Untreated, 2. AP, 3. AP + FA, 4. A + HA
and 5. AP + (FA + HA) [Ap - Amyloid beta]

Untreated and Ap-induced SH-SY5Y cells were
post-treated with 50uM concentrations of FA and HA
separately and in combination at a 1:1 ratio in a study

Counts
10 20 30 40 50 80 70 BO 90

0

Key Name

Parameter Gate

SH-5Y5Y B-AM
SH-SY5Y B-AM+FA

SH-5Y5Y B-AM+FA+HA

SH-SY5Y UNTREATED

FL1H G1
FL1-H G1
FL1-H G1
FL1-H G1

Figure 5. Overlaid histograms depicted the H2DCFDA expression in Untreated, Af3 alone with 10uM/ml, A +FA-
50uM/ml, AB+HA-50puM/ml and AB+HA+FA-50uM/ml concentration against the SH-SY5Y cells using BD FACS Calibur
and obtained data was analysed by BD CellQuest pro (ver.6.0). B-AM- Amyloid beta, FA - Fulvic acid, HA - Humic acid.
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1. Untreated (control)
2. Amyloid Beta

3. AB +FA,

4. AR + HA

5.AB + (FA+ HA)

Figure 6. Live/dead assay by AO/EtBr staining.

using AO and EB dual-labeling on SH-SY5Y cells. 40 x
magnifications were used to take the pictures. Images
show viable cells (VC), early (EA), late (LA), and
necrotic (NC), respectively (Figure 6).

4. Discussion

The neuroprotective impact of HA, FA, and their
combined form (HA+FA) was investigated through in
vitro analysis using neurodegenerative cells induced by
AB. In the present study, we have used five incremental
doses ranging from 6.25 to 100 uM/ml concentrations.
HA, FA and HA+FA (1:1) compounds showed non-
toxic potency till 50uM/ml. 100uM/ml concentration
caused moderately alters cell viability on SH-SY5Y
cells. In the combinational treatment of these
compounds in AP induced model, 50pM/ml caused
effective recovery from AP induced neurotoxicity.
We have then compared the individual compounds;
combination of both compounds enhanced high
cell proliferation and confirmed the neuroprotective
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ability of both molecules. Cell viability significantly
increased up to 88.82 + 1.6 % (50 uM/ml), 79.64 +
1.49 % (50 pM/ml) and 90.04 £ 1.1 % (50 uM/ml) for
FA, HA and HA+FA (1:1) respectively when compared
to AP alone group. Therefore, the present study result
reveals that optimum dose (50 uM/ml) may play an
important factor for the pharmacological efficacy of
these compounds. The percentage of cell viability was
assessed after appropriate treatment with designed
combination, the results were significantly indicating
the potent anti-oxidative effect in AP intoxicate SH-
SY5Y cells, the efficacy novel combination (HA+FA)
was significant against vehicle control, FA, HA
alone and the statistical significance was found to be
p<0.001.

Live/dead assay by Acridine orange/Ethdium
bromide staining results depicted similar trend to ROS
study by inhibiting the amyloid induced neurotoxicity”.
In AD induced model, Apoptotic cells were highly
observed and combination of FA+HA combination
effectively inhibited the rate of apoptosis caused by
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amyloid beta whereas in individual treat of FA and HA
groups, FA showed better recovery of amyloid toxicity
than the HA group and confirmed that FA have better
neuroprotective effect than the HA.

The estimation of TNF-a and IL-1P, pro-
inflammatory cytokines levels have been done using
commercially available ELISA kits”’. SH-SY5Y cells
were treated with AP, AP +FA, Ap + HA and AP+
FA+HA respectively. FA, HA and FA+HA effectively
inhibited the levels of TNF-a and IL-1B compared
to AP alone treated SH-SY5Y cells. Observed results
suggested that FA, HA and FA+ HA by depleting the
cytokines level and proved to be potent agents in order
to protect the neuroblastoma cells against A induced
neuro-inflammation. Overall, the observed cytokines
expression studies by ELISA method suggested that the
combination of the non-toxic concentrations of both
FA and HA showed better inhibitory effect than the
individual compounds and proved that combination
of FA and HA in 1:1 ratio may have better neuro-
protective effect’®.

Humic acid and fulvic acid are naturally available
bio-active compounds which have been used in the
traditional use of medicine to cure various diseases. Due
to its immune regulatory properties of fulvic acid, it has
found utilization as a traditional Chinese medicine. FA
constitutes a blend of polyphenolic acid compounds
sourced from humus, peat, lignite, and aquatic
surroundings. Its application in traditional medicine
extends to the treatment of disorders related to the

9. Humic and fulvic acids are abundant

digestive tract
sources of minerals that are readily absorbable by our
bodies, prompting a range of specific and nonspecific
biological activities. In the realm of natural medicine’s
extensive database, humic substances emerge as
therapeutic agents with diverse bioactive capabilities.
These substances are being advocated for use as dietary
supplements and are even finding application in
cosmetic products™.

Fulvic acid has already been reported for its anti-
oxidant as well as neuroprotective properties by
inhibiting the neuro-inflammatory mechanism on
the other hand humic acid has also been reported
as a strong anti-oxidant’"*>. In the present study, we
have used the combination of HA+FA (1:1) against
AP intoxicated neuroblastoma cells with various
concentrations of treatment and then treated and
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untreated combinations were examined for various
anti-inflammatory cytokines., TNF-a and IL-1 p and
DCEF expression. The level of ROS and cytokines was
significantly depleted in treatment groups. FA (50 pM/
ml), HA (50 uM/ml) and FA+HA (50 uM/ml) treated
SH-SY5Y cells which were pre-stimulated with 10uM/
ml of AP significantly suppressed the expression of
DCEF in AP induced model as compared to AP alone
treated SH-SY5Y cells™.

In summary, based on cell viability studies in
amyloid-induced neuronal cells, it was observed that
neuronal cell death caused by p amyloid (42.00 £ 1.2 %)
whereas the treatment of FA, HA, and the combination
of FA and HA showed 78.33 + 1.15, 66.66 + 1.52, and
87.66 = 1.52 % respectively. These results revealed the
fact that both agents have the neuroprotective ability
by recovering the cell death caused by B amyloid agent.
Surprisingly both compounds showed a similar trend
of cell recovery in terms of viability of cells. Further
combinational treatment of both FA and HA in 1:1
ratio with 50uM concentration exhibited the 90.04 +
1.1 % in terms of % cell viability and proved to be a
better formulation to recover the oxidative stress or
apoptosis caused by p amyloid*.

Further to prove the neuroprotective ability
of molecules, pro-inflammatory cytokines were
measured in the supernatants of all treatment groups
including controls®. In the current study, the levels of
interleukin-1 beta and tumour necrosis factor-alpha
(TNF-a) were measured. In the p amyloid treatment
group, both cytokines effectively enhanced due to
oxidative stress and gradually decreased in FA, and
HA individual groups and significantly reduced in
combinational treatment of FA+HA. The obtained
results of quantitative measurements of cytokines
expression double confirmed the neuroprotective
ability of molecules similar to the cell viability
studies™.

Oxidative stress is a key factor in causing neuronal
cell death or neurotoxicity. Neurotoxicity caused by [
amyloid agents resembles Alzheimer’s disease AD in
humans. To study the oxidative stress in all the treated
and non-treated groups of neuroblastoma cells, ROS
study was employed by H2DCFDA staining by Flow
Cytometry method. Percentage cells expressed DCF
intensity in all the different conditions of untreated,
B amyloid alone and P amyloid with fulvic acid;
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humic acid and a combination of both in 1:1 ratio
were screened by flow cytometry. In all the groups,
10,000 cells were counted to measure the DCF
expression’”**. Combinational treatment of FA and
HA with 50pM showed more efficient protective
ability than the individual groups in Neuroblastoma
cells. f-amyloid alone enhanced DCF expression in
SH-SY5Y cells.

5. Conclusion

In conclusion, the study concludes that the innovative
combination of FA and HA (fulvic acid and humic acid),
represented as FA+HA, exerts more robust effects when
compared to the separate administration of FA and
HA. This synergistic combination has demonstrated a
remarkable capacity for safeguarding human neuronal
cells (specifically, SH-SY5Y cells). The substantiation
of this protective efficacy stems from a multi-faceted
analysis involving the quantification of cytokine
expressionlevelsusing Enzyme-Linked Immunosorbent
Assay (ELISA), the reduction of apoptosis as observed
under Confocal Microscopy, and the attenuation
of DCF (2}7-dichlorofluorescin) intensity via Flow
Cytometry within a model environment where [
amyloid induction is implemented.

This comprehensive study provides compelling
evidence for the neuroprotective potential of the
FA+HA combination. However, to establish a
more profound understanding of the underlying
molecular mechanisms responsible for the observed
neuroprotective attributes of FA and HA, and to
pave the way for their potential application in the
therapeutic landscape of Alzheimer’s disease, further
investigation in an in vivo context is imperative. By
delving into the intricacies of these compounds’
interactions within a living organism, we can
garner insights that will augment the translational
significance of these findings, potentially bringing us
closer to viable treatments for Alzheimer’s disease.

6. Acknowledgement

The authors are thankful to Vinayaka Mission’s College
of Pharmacy for providing all the necessary support for
the successful completion of this research.

Journal of Natural Remedies | ISSN: 2320-3358

1446 In Vitro Pharmacological Evaluation of Fulvic Acid and Humic Acid Novel Combination...

7. References

1. Moreira-Silva D, Carrettiero DC, Oliveira AS, Rodrigues S,
dos Santos-Lopes J, Canas PM, Cunha RA, Almeida MC,
Ferreira TL. Anandamide effects in a streptozotocin-induced
Alzheimer’s disease-like sporadic dementia in rats. Frontiers
in Neuroscience. 2018; 12:653. https://doi.org/10.3389/
fnins.2018.00653 PMid:30333717 PMCid: PMC6176656

2. LiJ,SunM, CuiX, LiC. Protective effects of flavonoids against
Alzheimer’s Disease: Pathological hypothesis, potential
targets, and structure-activity relationship. International
Journal of Molecular Sciences. 2022; 23(17):10020.
https://doi.org/10.3390/ijms231710020 PMid:36077418
PMCid:PMC9456554

3. Mouchlis VD, Melagraki G, Zacharia LC, Afantitis A.
Computer-aided drug design of B-secretase, y-secretase and
anti-tau inhibitors for the discovery of novel Alzheimer’s
therapeutics. International Journal of Molecular Sciences.
2020; 21(3):703.  https://doi.org/10.3390/ijms21030703
PMid:31973122 PMCid:PMC7038192

4. Wang H, Xu Y, Yan J, Zhao X, Sun X, Zhang Y, Guo J, Zhu
C. Acteoside protects human neuroblastoma SH-SY5Y cells
against f-amyloid-induced cell injury. Brain research. 2009;
1283:139-47. https://doi.org/10.1016/j.brainres.2009.05.101
PMid:19520063

5. Babyvanitha S, B Jaykar. GC-MS, molecular docking and
In Vitro studies of methanolic extract of leaves of Jatropha
gossypiifolia as potent anti-alzheimer’s. International Journal
of Pharmaceutical Sciences Review and Research. 2021;
68(1):220-7. https://doi.org/10.47583/ijpsrr.2021.v68i01.034

6. Varadarajan S, Kanski J, Aksenova M, Lauderback C,
Butterfield DA. Different mechanisms of oxidative stress
and neurotoxicity for Alzheimer’s A beta(1--42) and A
beta(25--35). ] Am Chem Soc. 2001;123(24):5625-31.
https://doi.org/10.1021/ja010452r PMid:11403592

7. Stepanichev M, Zdobnova I, Zarubenko I, Lazareva N,
Gulyaeva NV. Differential effects of tumor necrosis factor-
alpha co-administered with amyloid beta-peptide (25-35)
on memory function and hippocampal damage in rat.
Behavioural brain research. 2006; 175(2):352-61. https://
doi.org/10.1016/j.bbr.2006.09.006 PMid:17070605

8. Pattanashetti LA, Taranalli AD, Parvatrao V, Malabade RH,
Kumar D. Evaluation of neuroprotective effect of quercetin
with donepezil in scopolamine-induced amnesia in rats.
Indian Journal of Pharmacology. 2017; 49(1):60.

9. Murbach TS, Glavits R, Endres JR, Clewell AE, Hirka G,
Vértesi A, Béres E, Szakonyiné IP. A toxicological evaluation
of a fulvic and humic acids preparation. Toxicology
reports.  2020;  7:1242-54.  https://doi.org/10.1016/].
toxrep.2020.08.030 PMid:32995299 PMCid:PMC7505752

10. Carrasco-Gallardo C, Guzman L, Maccioni RB. Shilajit: A
natural phytocomplex with potential procognitive activity.

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (4) | October 2023


https://doi.org/10.3389/fnins.2018.00653
https://doi.org/10.3389/fnins.2018.00653
https://doi.org/10.3390/ijms231710020
https://doi.org/10.3390/ijms21030703
https://doi.org/10.1016/j.brainres.2009.05.101
https://doi.org/10.1021/ja010452r
https://doi.org/10.1016/j.bbr.2006.09.006
https://doi.org/10.1016/j.bbr.2006.09.006
https://doi.org/10.1016/j.toxrep.2020.08.030
https://doi.org/10.1016/j.toxrep.2020.08.030

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Natural Remedies | ISSN: 2320-3358

International Journal of Alzheimer’s disease. 2012; 2012.
https://doi.org/10.1155/2012/674142 PMid:22482077 PMCid:
PMC3296184

Shikalgar TS, Naikwade NS. Cardioprotective effect of
fulvic acid on doxorubicin induced cardiac oxidative stress
in rats. Int. J. Pharm. Sci. Res. 2018; 9(8):3264-73. https://
doi.org/10.13040/IJPSR.0975-8232.9(8).3264-73

Winkler J, Ghosh S. Therapeutic potential of fulvic acid
in chronic inflammatory diseases and diabetes. Journal of
DiabetesResearch.2018;2018. https://doi.org/10.1155/2018/
5391014 PMid:30276216 PMCid:PMC6151376

Swat M, Rybicka I, Gliszczyriska-Swiglto A. Characterization
of fulvic acid beverages by mineral profile and antioxidant
capacity. Foods. 2019; 8(12):605. https://doi.org/10.3390/
foods8120605 PMid:31766604 PMCid:PMC6963745
Cornejo A, Jiménez JM, Caballero L, Melo F, Maccioni RB.
Fulvic acid inhibits aggregation and promotes disassembly
of tau fibrils associated with Alzheimer’s disease. Journal
of Alzheimers disease. 2011; 27(1):143-53. https://doi.
0rg/10.3233/JAD-2011-110623 PMid:21785188

Ozkan A, Sen HM, Sehitoglu I, Alacam H, Guven M, Aras AB,
Akman T, Silan C, Cosar M, Karaman HI. Neuroprotective
effect of humic acid on focal cerebral ischemia injury: An
experimental study in rats. Inflammation. 2015; 38(1):32-9.
https://doi.org/10.1007/s10753-014-0005-0 PMid:25173888
Vetvicka V, Garcia-Mina JM, Proctor M, Yvin JC. Humic
acid and glucan: Protection against liver injury induced
by carbon tetrachloride. Journal of medicinal food.
2015; 18(5):572-7. https://doi.org/10.1089/jmf.2014.0091
PMid:25590512

de Medeiros LM, De Bastiani MA, Rico EP, Schonhofen
P, Pfaffenseller B, Wollenhaupt-Aguiar B, Grun L,
Barbé-Tuana F, Zimmer ER, Castro MA, Parsons RB.
Cholinergic differentiation of human neuroblastoma SH-
SY5Y cell line and its potential use as an in vitro model for
Alzheimer’s disease studies. Molecular Neurobiology. 2019;
56:7355-67. https://doi.org/10.1007/512035-019-1605-3
PMid:31037648

KajaS,DuncanRS, Longoria§S, HilgenbergJD, Payne AJ, Desai
NM, Parikh RA, Burroughs SL, Gregg EV, Goad DL, Koulen
P. Novel mechanism of increased Ca2+ release following
oxidative stress in neuronal cells involves type 2 inositol-1,
4, 5-trisphosphate receptors. Neuroscience. 2011; 175:281-
91. https://doi.org/10.1016/j.neuroscience.2010.11.010
PMid:21075175 PMCid:PMC3038464

D’Ezio V, Colasanti M, Persichini T. Amyloid-p 25-35
Induces Neurotoxicity through the Up-Regulation of
Astrocytic System Xc—. Antioxidants. 2021; 10(11):1685.
https://doi.org/10.3390/antiox10111685  PMid:34829555
PMCid:PMC8615014

Tang Z, Motoyoshi K, Honda T, Nakamura H, Murayama T.
Amyloid Beta-Peptide 25-35 (AP25-35) induces cytotoxicity

21.

22.

23.

24.

25.

26.

27.

28.

29.

Thamotharan Govindhasamy and Kumar Mohan [E¥ Y}

via multiple mechanisms: Roles of the inhibition of
Glucosylceramide Synthase by AP25-35 and its protection
by D609. Biological and Pharmaceutical Bulletin. 2021;
44(10):1419-26. https://doi.org/10.1248/bpb.b21-00204
PMid:34602551

Dhivya PS, Selvamani P, Latha S, Mani V, Azahan NS.
In vitro evaluation of Acetylcholinesterase inhibitory
and neuroprotective activity in Commiphora species:
A comparative study. Pharmacognosy Journal. 2020;
12(6):1223-31. https://doi.org/10.5530/pj.2020.12.171
Roeske-Nielsen A, Fredman P, Mansson JE, Bendtzen K,
Buschard K. Beta-galactosylceramide increases and sulfatide
decreases cytokine and chemokine production in whole
blood cells. Immunology letters. 2004; 91(2-3):205-11.
https://doi.org/10.1016/j.imlet.2003.12.010 PMid:15019291
Kalagatur NK, Abd_Allah EE Poda S, Kadirvelu K,
Hashem A, Mudili V, Siddaiah C. Quercetin mitigates
the deoxynivalenol mycotoxin induced apoptosis in
SH-SY5Y cells by modulating the oxidative stress
mediators. Saudi Journal of Biological Sciences. 2021;
28(1):465-77.  https://doi.org/10.1016/j.5jbs.2020.10.030
PMid:33424329 PMCid:PMC7783655

Dilna A, Deepak KV, Damodaran N, Kielkopf CS, Kagedal
K, Ollinger K, Nath S. Amyloid-f induced membrane
damage instigates tunneling nanotube-like conduits by
p2l-activated kinase dependent
Biochimica et Biophysica Acta (BBA)-Molecular Basis of
Disease. 2021; 1867(12):166246. https://doi.org/10.1016/].
bbadis.2021.166246 PMid:34403739

Nampoothiri M, Reddy ND, John J, Kumar N, Kutty
Nampurath G, Rao Chamallamudi M. Insulin blocks
glutamate-induced neurotoxicity in differentiated SH-SY5Y
neuronal cells. Behav Neurol. 2014; 2014:674164. https://
doi.org/10.1155/2014/674164 PMid:25018588 PMCid:
PMC4082871

Lin CH, Nicol CJ, Wan C, Chen SJ, Huang RN, Chiang MC.
Exposure to PM2. 5 induces neurotoxicity, mitochondrial

actin remodulation.

dysfunction, oxidative stress and inflammation in human
SH-SY5Y neuronal cells. Neurotoxicology. 2022; 88:25-
35.  https://doi.org/10.1016/j.neuro.2021.10.009  PMid:
34718062

GongY,Huang A,GuoX, JiaZ,ChenX, ZhuX, XiaY, Liu ], Xu
Y, Qin X. Selenium-core nanozymes dynamically regulates
A and neuroinflammation circulation: Augmenting repair
of nervous damage. Chemical Engineering Journal. 2021;
418:129345. https://doi.org/10.1016/j.cej.2021.129345

Tang Y, Zhang D, Zheng ]. Repurposing antimicrobial
Protegrin-1 as a Dual-Function Amyloid inhibitor via
cross-seeding. ACS Chemical Neuroscience. 2023. https://
doi.org/10.1021/acschemneuro.3c00293 PMid:37589476
Feng P, Li Q Sun H, Gao J, Ye X, Tao Y, Tian Y, Wang P.
Effects of fulvic acid on growth performance, serum index,

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (4) | October 2023


https://doi.org/10.1155/2012/674142
https://doi.org/10.1155/2018/5391014
https://doi.org/10.1155/2018/5391014
https://doi.org/10.3390/foods8120605
https://doi.org/10.3390/foods8120605
https://doi.org/10.3233/JAD-2011-110623
https://doi.org/10.3233/JAD-2011-110623
https://doi.org/10.1007/s10753-014-0005-0
https://doi.org/10.1089/jmf.2014.0091
https://doi.org/10.1007/s12035-019-1605-3
https://doi.org/10.1016/j.neuroscience.2010.11.010
https://doi.org/10.3390/antiox10111685
https://doi.org/10.1248/bpb.b21-00204
https://doi.org/10.1016/j.imlet.2003.12.010
https://doi.org/10.1016/j.sjbs.2020.10.030
https://doi.org/10.1016/j.bbadis.2021.166246
https://doi.org/10.1016/j.bbadis.2021.166246
https://doi.org/10.1155/2014/674164
https://doi.org/10.1155/2014/674164
https://doi.org/10.1016/j.neuro.2021.10.009
https://doi.org/10.1021/acschemneuro.3c00293
https://doi.org/10.1021/acschemneuro.3c00293

1448 In Vitro Pharmacological Evaluation of Fulvic Acid and Humic Acid Novel Combination...

30.

31.

32.

33.

34.

Journal of Natural Remedies | ISSN: 2320-3358

gut microbiota, and metabolites of Xianju yellow chicken.
Frontiersin Nutrition. 2022; 9:963271.https://doi.org/10.3389/
fnut.2022.963271 PMid:35990363 PMCid:PMC9389313
Jacob KK, Prashob PK, Chandramohanakumar N. Humic
substances as a potent biomaterials for therapeutic and drug
delivery system — A review. Int. J. Appl. Pharm. 2019; 11:1-
4. https://doi.org/10.22159/ijap.2019v11i3.31421
Neamatallah WA, Sadek KM, El-Sayed YS, Saleh EA,
Khafaga AE 2, 3-Dimethylsuccinic acid and fulvic acid
attenuate lead-induced oxidative misbalance in brain
tissues of Nile tilapia Oreochromis niloticus. Environmental
Science and Pollution Research. 2022. p. 1-4. https://doi.
org/10.1007/s11356-021-16359-z PMid:34775563

Zykova MV, Schepetkin IA, Belousov MV, Krivoshchekov
SV, Logvinova LA, Bratishko KA, Yusubov MS, Romanenko
SV, Quinn MT. Physicochemical characterization and
antioxidant activity of humic acids isolated from peat of
various origins. Molecules. 2018; 23(4):753. https://doi.
org/10.3390/molecules23040753 PMid:29587351 PMCid:
PMC6017172

Sugimoto M, Ko R, Goshima H, Koike A, Shibano M, Fujimori
K. Formononetin attenuates H202-induced cell death through
decreasing ROS level by PI3K/Akt-Nrf2-activated antioxidant
gene expression and suppressing MAPK-regulated apoptosis in
neuronal SH-SY5Y cells. Neurotoxicology. 2021; 85:186-200.
https://doi.org/10.1016/j.neuro.2021.05.014 PMid:34077701
Petry FD, Coelho BP, Gaelzer MM, Kreutz F, Guma FT,
Salbego CG, Trindade VM. Genistein protects against

35.

36.

37.

38.

amyloid-beta-induced toxicity in SH-SY5Y cells by
regulation of Akt and Tau phosphorylation. Phytotherapy
research. 2020; 34(4):796-807. https://doi.org/10.1002/
ptr.6560 PMid:31795012

chun Li Y, cheng Hao J, Shang B, Zhao C, juan Wang L, lin
Yang K, zhou He X, gian Tian Q, liang Wang Z, ling Jing
H, Li Y. Neuroprotective effects of aucubin on hydrogen
peroxide-induced toxicity in human neuroblastoma SH-
SY5Y cells via the Nrf2/HO-1 pathway. Phytomedicine. 2021;
87:153577. https://doi.org/10.1016/j.phymed.2021.153577
PMid:33994055

Wang M, Kou J, Wang C, Yu X, Xie X, Pang X. Curcumin
inhibits APOE4-induced injury by activating peroxisome
proliferator-activated receptor-y (PPARy) in SH-SY5Y
cells. Iranian Journal of Basic Medical Sciences. 2020;
23(12):1576.

Barangi S, Hosseinzadeh P, Karimi G, Najaran ZT, Mehri
S. Osthole attenuated cytotoxicity induced by 6-OHDA in
SH-SY5Y cells through inhibition of JAK/STAT and MAPK
pathways. Iranian Journal of Basic Medical Sciences. 2023;
26(8):953.

Xu DL, Fan K, Zhang H, Tang LX, Wang Y, Xiang Z, Shi
AM, Qu YC, Su CJ, Pan J. Anti-proliferation and apoptosis-
inducing effects of dihydroartemisinin on SH-SY5Y
cells and metabolomic analysis. Translational Pediatrics.
2022;  11(8):1346.  https://doi.org/10.21037/tp-22-331
PMid:36072536 PMCid:PMC944220

http://www.informaticsjournals.com/index.php/jnr | Vol 23 (4) | October 2023


https://doi.org/10.3389/fnut.2022.963271
https://doi.org/10.3389/fnut.2022.963271
https://doi.org/10.1007/s11356-021-16359-z
https://doi.org/10.1007/s11356-021-16359-z
https://doi.org/10.3390/molecules23040753
https://doi.org/10.3390/molecules23040753
https://doi.org/10.1016/j.neuro.2021.05.014
https://doi.org/10.1002/ptr.6560
https://doi.org/10.1002/ptr.6560
https://doi.org/10.1016/j.phymed.2021.153577
https://doi.org/10.21037/tp-22-331

