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THE COMPLEMENTARY ROLE OF THE RAMAN
MICROSPECTROSCOPY TO THE OXIDATIVE STRESS
ASSAYS IN THE NEONATAL SYNAPTOSOMES
CHARACTERIZATION
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ABSTRACT. Raman microspectroscopy was tested as an alternative/
complementary method for biochemical evaluation of the synaptosomes
obtained from neonatal rat brain prenatally exposed to sodium valproate and
treated with allicin. Spectrophotometric assays of several oxidative stress
markers (catalase, superoxide dismutase, total thiols) and acetylcholine
esterase activity revealed the redox balancing function and pro-cholinergic
effect of the allicin as compared to the valproate effect. Raman evaluation
showed no significant changes in our experimental conditions. Different
concentrations and volumes of the synaptosomes vesicles must be tested
for the optimal Raman examination of these purified synaptosomes.

Keywords: Raman, synaptosomes, brain, vesicles, sensitive method,
redox status

INTRODUCTION

The structural diversity of the nervous system frequently needs
multidisciplinary perspectives in order to evaluate a phenomenon in a more
accurate manner. As described by Frisch et al. [1], prenatally exposure of
Wistar rats to high dosages of sodium valproate induced in newborn individuals
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cognitive teratogenicity that might be associated with the autism spectrum
disorders (ASDs). ASDs were characterized by redox imbalance based on
the down-regulation of the factor erythroid-derived 2-like 2 (Nrf2). Alongside, in
ASDs were observed arterial hypertension by endothelial NO synthetase
(eNOS) deficiency, DNA hyperacetylation, neuronal hyperconnectivity with
increased ATP cycle, and synaptic deficiency of postsynaptic density protein
95 (PSD-95). The allicin (which can be easily obtained from garlic and onion)
acts as an antioxidant, NRF2 activator, increases the concentration of the
S-allyl-mercapto-glutathione [2] in brain, liver, or plasma and increases the
NO concentration in blood. Until now, ASDs are established just after the
appearance of the symptoms at 2-3 years old. The context of ASDs
manifestation greatly restricts the investigation methods, many of these
being invasive or applied too late. As a prototype idea, the investigation of the
synaptic feature with very sensitive methods could form a basis for the early
identification of an ASDs-related pattern in newborns. The synaptosomes are
vesicles that contain pre/post-synaptic densities, mitochondria, and whole
synaptic neurochemical complex. These vesicles, like the exosomes, pass
over the cellular membranes and can be identified in the bloodstream [3].
Based on these pieces of evidence, we tested as a first step, the Raman
microspectroscopy on the neonatal brain synaptosomes associated with
redox-cholinergic status evaluation.

Raman microspectroscopy is a noninvasive and nondestructive label-
free technique that uses the inelastically scattered light to rapidly provide
biochemical and structural information from molecules [4, 5]. Each molecule is
characterized by a unique “spectral fingerprint” which comprises its vibrational
pattern dependent on its constituent chemical bonds and structure [5].
Recently, the Raman technique has been recognized as a very powerful
analytical tool to help advance the field of neuroscience [6]. It has been used
to characterize fundamental biological molecules in cells [4, 7] to discriminate
normal cells from cancer cells on the basis of their biochemical differences
[4, 8, 9, 10] and to detect protein misfolding and aggregation, key modifications
that take place in the early stage of neurodegenerative diseases [5, 10, 11,
13]. To further enhance its helpfulness, Raman microspectroscopy has been
multiplexed with other analytical methods (such as advanced statistical
techniques) to shed light on the relative abundance of various molecules in
the brain [13].

In this work we employed Raman spectroscopy for the rapid
characterization of synaptosomes (SYN) prepared from neonatal Wistar rat
brains and as a detection tool to identify the vibrational changes induced
into the SYN samples treated with either sodium valproate (SYN@VAL),-allicin
(SYN@ALI) or both (ALI@QSYN@VAL). Mizuno et al. [14] reported an early
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study focused on the use of Fourier Transform (FT) Raman spectroscopy in
monitoring the relative changes of proteins and lipids. Moreover, the study
was able to reveal the structural changes and the component content ratio
from the synaptosomal fraction of the rat brain. Ajito et al. [7] applied a laser
trapping technique combined with near-infrared (NIR) Raman spectroscopy
(LTRS) for the analysis of SYN isolated from the rat brain, dispersed in the
phosphate buffer solution [7, 15]. Their results indicated that the laser-trapped
synaptosomes include some types of lipids and proteins. In another study [16],
the same group describes in situ detection of glutamate released from a
single SYN using LTRS. As far as we know no Raman spectroscopic
investigations were reported until now on SYN@VAL, SYN@ALI, and
ALI@QSYN@VAL.

RESULTS AND DISCUSSION

The oxidative stress measurements have revealed that valproate
treatment in adults decreased (P < 0.01) the catalase (CAT) activity (Fig. 1a)
in newborns as well as allicin administration (P < 0.05). Combined therapy
normalized the CAT activity as compared to Control but remained slightly
decreased (P < 0.05). Superoxide dismutase (SOD) (Fig. 1b) activity was
unchanged after valproate exposure but allicin administration slightly increased
the enzyme activity (P < 0.05). The oxidative stress enzymes and other non-
enzymatic antioxidants such as reduced glutathione (GSH) or ascorbate
cannot be described as standard parameters which are in direct relationship
with oxidative stress increasing or decreasing. Our data suggest firstly that
CAT decreasing was not associated with SOD decreasing and secondly, the
antioxidants such as allicin reduced the CAT activity and induced a high
activity of the SOD, according to our previous results [17]. As was noticed by
Loyd [18], valproate administration reduced the activity of several antioxidants
such as CAT, SOD, or peroxidase via the NRF2 down-regulation effect. Our
results partially confirm these findings by decreasing the CAT activity whereas
SOD remained unchanged.

The nonenzymatic antioxidant potential of the synapses was evaluated
by measuring the concentration of the total -SH groups (Fig. 1¢). Valproate
administration did not change the level of the thiols in synaptosomes
while allicin treatment significantly decreased (P < 0.001) the total -SH
concentration. Decreasing of the -SH groups after allicin administration was
noticed in blood and liver by Rabinkov et al. [19] and confirmed by our
previous results [17]. Briefly, the allicin reacts with GSH and forms a new
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compound, S-allyl-mercapto-glutathione which is not detected by Eliman
reaction. Based on this evidence, although the concentration of GSH and
-SH groups decreased after allicin treatment, a new thio-compound, S-allyl-
mercapto-glutathione [17, 19] restore the thio-compounds pool. These findings
demonstrated that prenatally administration of sodium valproate will expose
the newborns to oxidative stress by reducing the antioxidant enzymes. In
contrast, prenatally administration of allicin maintained or increased the
antioxidant capacity in the synaptic complex. Various relationships between
oxidative stress and chemical signaling of the neurons were described in
literature [20, 21]. Our experimental context was correlated to the valproate
signaling effect by increasing y-aminobutiric acid (GABA) concentration
[22]. Since GABA is an inhibitory molecule, we evaluate the opposite effect
by measuring the acetylcholine esterase (AChE) activity in the purified
synaptosomes (Fig. 1d).

Allicin administration slightly increased (P < 0.05) AChE whereas
valproate significantly decreased the activity of this enzyme (P < 0.001) and
the combined therapy normalized the AChE activity as compared to Control.
Our results confirm several previous findings of the stimulated cholinergic
effect of the allicin [23] and argue the positive cognitive effect of the allicin
consumption [24]. These results were then associated with Raman
microspectroscopy in order to evaluate the complementary role of the
spectroscopic methods in the synaptosome characterization. The Raman
results are shown in Fig. 2. Very similar spectra are the ones of the control
sample and the SYN@ALI sample, while SYN@VAL and ALI@SYN@VAL
also present identical features.

The Raman spectra of SYN and SYN@ALI samples are dominated
by the sharp, intense peak at 669 cm™'/678 cm™" which can be assigned to
C-S stretching mode or to deformations in cysteine [5]. Another well-
defined but low-intensity Raman band is at 705 cm'/714 cm™', coming from
cholesterol [5]. The same authors assign the Raman bands located in the
spectral range 1480-1554 cm™' to C-H/C=N deformation and to amide II,
while the band at 1716 cm /1721 cm™ could come from esters or amide
groups [7, 15]. The last one in also present in the Raman spectra of the
SYN@VAL and ALI@QSYN@VAL samples with little to no shift. Furthermore,
the dominant band at 669 cm-'/678 cm™' from the first two samples is missing.
This could be an indication of the induced autism and the local molecular
disruption/degradation upon treatment with sodium valproate.
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Figure 1. Assessment of CAT (a), SOD (b), -SH (c) and AChE (d) in purified
synaptosomes of control (SYN) and experimental groups. Values are
expressed as mean £ SEM. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Normalized Raman spectra of the investigated samples.
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CONCLUSIONS

Overall, the Raman analysis indicated a similar spectral fingerprint
in the case of all four tested samples. The major difference lies in the absence
of the 669 cm'/678 cm™ in the case of the treated samples with sodium
valproate, suggesting an intense structural modification. Based on the spectral
features of the investigated samples, one can conclude that the treatment
with allicin at the used concentration has no significant influence on the
studied synaptosomes. In opposition with these findings, the biochemical
measurements depict redox balancing reactions after allicin administration,
despite the lack of spectroscopic fingerprint. Further Raman analyses must
be done with new different concentrations and volumes.

EXPERIMENTAL SECTION

Animals

Adult Wistar female rats (3-month-old) weighing 120-150 g were
provided ad libitum access to standard rat chow and water. Animals have
been maintained in a light/temperature-controlled room with a light/dark cycle
of 12/12 h under 22°C constant temperature. Rats were housed 3/cage and
all rats in the same cage corresponded to one of the experimental groups.
After 3 days of habituation, one male was moved in each cage for the next 5
days. At the end of this period, the males were removed and the first day after
male removal was considered as E1 (embryonic day 1). The experimental
groups were: Control (SYN), Allicin (SYN@ALI), Valproate (SYN@VAL) and
Allicin + Valproate (ALI@QSYN@VAL).

Treatment procedures

In E10 (gestational day 10), the rats were intraperitoneally injected
with sodium valproate 550 mg/kg b.w. in saline solution 0.9%. Concomitantly,
the allicin treatment was enteral administered, until the birth of the pups
(E20-E21), in all groups without Control. The allicin dose was 2.5 mg/kg b.w.
Animal care and procedures were carried out in accordance to the European
Communities Council Directive 2010/63/UE. The procedures of the current work
have been approved by the Ethical Committee of Babes-Bolyai University (IRB
no. 2012/03.02.2016).

Neonatal brain sampling and synaptosomes purification

12h after birth, the corresponding pups of the experimental groups
were slightly narcotized with diethyl ether and 3 whole brains/group were
dissected out, weighting and placed in Syn-PER buffer (Thermo Fischer,
87793) for synaptosomal purification. The whole tissue was lysed 1:1 w/v with
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Syn-PER buffer and the sample was then centrifugated at +4°C, for 10 min, at
1500 rpm. The supernatant was collected and spun at 13.500 rpm at +4°C
for 20 min. The pellet obtained was the required synaptosomal preparation.
For the next measurements, the pellet was resuspended in 5 mL Syn-PER
buffer solution and kept at -80°C.

Raman measurements

Raman measurements were performed on a number of 4 liquid
samples: SYN, SYN@QVAL, SYN@ALI and ALI@SYN@VAL. The Raman
spectra were recorded using a Renishaw InVia Reflex Raman confocal
spectrometer with a 532 nm excitation line. The laser power on the samples
was 200 mW. The signal was collected in the range 200-1800 cm' using
an edge filter >100 cm'. The spectral resolution was 1 cm™. A Leica
microscope with a 20x objective was used to focus and to visualize the
liquid samples. The measurements were conducted on 10 pL.

Biochemical assays

The isolated synaptosomes were used to assay the activity of CAT,
SOD, AChE and the concentration of -SH groups. CAT was assayed by the
spectrophotometric measure of the decreasing absorbance of the hydrogen
peroxide at 240 nm. SOD was assayed by the method with pyrogallol. The
superoxide catalyzes the pyrogallol oxidation and this reaction was measured
at 420 nm. The oxidation of the pyrogallol was inversely proportional to the
SOD activity. AChE was determined also by a kinetic method using the
Ellman reagent (DTNB, dithionitrobenzoic acid) with acetylthiocoline iodide
0.0745 M at 412 nm. Total -SH groups were colorimetrically assayed with
Ellman reagent at 412 nm.

Statistical analyses

All results are expressed as mean + SEM. Comparisons between
multiple groups were made using one-way ANOVA followed by Bonferroni’'s
post-hoc test. P < 0.05 was considered statistically significant and was
interpreted as follows: *P < 0.05, **P < 0.01, ***P < 0.001. Statistical
analyses were done using GraphPad Prism 5.
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