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Abstract

Objective: Despite 6%–20% of the adult population suffering from tinnitus, there is

no standard treatment for it. Placenta extract has been used for various therapeutic

purposes, including hearing loss. Here, we evaluate the effect of a novel neuroprotec-

tive protein composition (NPPC) extract on electrophysiological and molecular

changes in the medial geniculate body (MGB) of tinnitus-induced rats.

Methods: To evaluate the protein analysis by western blot, the rats were divided into

three groups: (1) saline group (intraperitoneal injection of 200 mg/kg saline twice a

day for 28 consecutive days, (2) chronic Na-Sal group received sodium salicylate as in

the first group, and (3) chronic treatment group (received salicylate 200 mg/kg twice

daily for 2 weeks, followed by 0.4 mg NPPC daily from day 14 to day 28). Single-unit

recordings were performed on a separate group that was treated as in group 4.

Gap-prepulse inhibition of the acoustic startle (GPIAS) and pre-pulse inhibition (PPI)

was performed to confirm tinnitus in all groups at the baseline, 14th and 28th days.

Results: Western blot analysis showed that the expression of γ-Aminobutyric acid

Aα1 subunit (GABA Aα1), N-methyl-D-aspartate receptor subtype 2B (NR2B or

NMDAR2B), α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptors

subunit GluR1 (GluR1), and α-amino-3-hydroxy-5-methyl-4-isoxazole propionic

acid receptors subunit GluR2 (GluR2) decreased after Na-Sal injection, while NPPC

upregulated their expression. MGB units in rats with tinnitus showed decreased

spontaneous firing rate, burst per minute, and a spike in a burst. After NPPC admin-

istration, neural activity patterns showed a significant positive effect of NPPC on

tinnitus.
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Conclusion: NPPC can play an effective role in the treatment of tinnitus in salicylate-

induced rats, and MGB is one of the brain areas involved in these processes.

Level of Evidence: NA.
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1 | INTRODUCTION

Tinnitus is a phantom sound perception of an unorganized acoustical

sensation without an external sound origin. It has been shown that

6%–20% of the adult population suffers from chronic tinnitus, which

can affect a person's quality of life.1 Since tinnitus is a heteroge-

neous problem with various factors affecting it, it is still without

standard treatment, and its pathophysiology is in a haze of ambigu-

ity. Sodium salicylate (Na-Sal) is known as the main metabolite of

aspirin. It is well-established to cause tinnitus and sensorineural

hearing loss,2 when administered in high doses in humans3,4 and ani-

mals.5,6 The gap pre-pulse inhibition of the acoustic startle (GPIAS)

paradigm has been commonly validated by researchers to confirm

behavioral evidence of tinnitus in laboratory rodents and has been

used in various studies.7 GPIAS consists of two phases, with and

without a silent gap presented before the start of a pulse, under the

background noise environment. In normal conditions, a silent gap

inhibits the startle reflex, whereas in animals with tinnitus, the lack

of inhibition of silent gaps indicates the presence of tinnitus due to

the filling of the gaps with the tinnitus signal.7 In vitro, studies have

shown that Na-Sal reduced the inhibitory postsynaptic current in

neurons of the rat auditory cortex (AC) and specifically decreased

the current-evoked firing of gamma-aminobutyric acid (GABAergic)

interneurons without affecting glutamatergic pyramidal neurons. Na-

Sal also could increase the excitability of hippocampus neurons in

rats by reducing GABAergic synaptic transmission inhibition but

does not affect intrinsic membrane excitability in cortical area

1 (CA1) pyramidal neurons.2 Some other previous studies have

shown that Na-Sal significantly reduces GABAergic inhibition mainly

through suppressing GABAA receptor-mediated responses and

enhancing the expression and function of N-methyl-D-aspartate

(NMDA) receptors, which leads to increased neuronal excitation.2,8

These studies show that excitatory-inhibitory balance was disrupted

by sodium salicylate consumption. The medial geniculate body

(MGB), part of the auditory thalamus, is considered to have a proces-

sing role in central auditory perception.9 A limited number of studies

have been available to identify the effects of Na-Sal on the MGB,

and most of them have been limited to the cellular level. Therefore,

the present study was designed to electrophysiologically investigate

the MGB neural activity followed by Na-Sal administration in the rat

model. Yan-Yan Su and colleagues recorded MGB neuronal activity

by whole-cell patch clamp, which showed that Na-Sal (1.4 mM)

changed the action potential, reduced membrane input resistance,

suppressed current-evoked firing, hyperpolarized the resting mem-

brane potential, and altered rebound depolarization in MGB neurons.

They suggest a possible role of the MGB in Na-Sal-induced tinnitus.9

In another study, Basta and colleagues (2008) showed that the spon-

taneous firing rate after the local application of Na-Sal increased.

The change in firing rate was correlated with Na-Sal concentration,

which at higher doses could produce a greater percent increase in

neuronal firing rate.10 Animal and human placenta extract (HPE)

have been used in traditional medicine for various therapeutic

purposes including wound healing, cell proliferation, tissue regenera-

tion, anti-inflammatory, and antimicrobial properties, pain relief, hair

growth, regeneration of dental pulp cells, health improvement,

etc.11–14 Therefore, several benefits of placenta extracts are due to

their rich composition of bioactive compounds like a variety of

amino acids, peptides, proteins, vitamins, growth factors, nutrients,

and biological active ingredients such as enzymes, glycoproteins,

lipids, minerals, steroid hormones, etc.11–14 A porcine placental

extract-derived composition of unknown proteins, initially named

X-proteins (XP), was introduced by Alexander Anikin. He successfully

managed the purification and preparation of principally new biologi-

cally active factors with prominent neuroprotective properties.15

Poletaev et al. reported evident positive effects of X-proteins (XP) in

patients with brain ischemia associated with severe and steady-state

neurological deficits. Daily XP administration through 12–14 days

leads to a decrease in motor, mental, and speech impairments and

normalization of emotional state. These authors concluded that XP

may be an inductor of regenerative/reparative processes in revers-

ible damaged nervous tissue.15

In the current study, the same extraction protocol of X-proteins

was used on the human placenta, named human neuroprotective pro-

tein composition (NPPC).

Several studies have suggested potential mechanisms of tinnitus

and related pathological changes associated with Na-Sal administra-

tion. According to reported studies, chronic tinnitus induced by Na-

Sal could be related to extensive changes in the auditory pathways at

electrophysiological, histological, and molecular levels.16,17 To our

knowledge of the potential efficacy of HPE mentioned earlier, this is

the first study postulating that NPPC may ameliorate pathological tin-

nitus changes induced by Na-Sal. This study aimed to investigate

whether Na-Sal can alter the neural discharge properties of MGB neu-

rons, the levels of GABAARα1, NR2B subunits, mGluR1, and mGluR2

subunits, and also whether NPPC can ameliorate those pathological

changes in the MGB level.
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2 | MATERIALS AND METHODS

2.1 | Animals

In this study, 29 male Wistar rats weighing 250–350 g were used. We

housed two to three rats per cage under standard conditions: 12 h of

light/dark cycles (lights were on from 7:00 AM) access to standard

food and water ad libitum. Room temperature and humidity were

monitored and kept in the standard range of 21–22�C and 50%–55%,

respectively. All interventions are done according to animal rights and

the National Institutes of Health guide regarding the care and use of

Laboratory animals (NIH Publications No. 8023, revised 1978). In

addition, the study was approved by the Ethical Committee of

Research Vice-Chancellor, Iran University of Medical Science (Ethical

approval number: IR.IUMS.REC.1398.233).

2.2 | Groups and design

Rats were divided into three groups. A chronic Na-Sal induced

group, a chronic treatment group, and a saline group as a sham-

control group. The chronic Na-Sal induced group (7 rats) received

twice-daily intraperitoneal injections of sodium salicylate (Sigma–

Aldrich, Shanghai, China) (200 mg/kg) at 08:00 AM and 4 PM for

28 consecutive days. The chronic treatment group (7 rats) received

sodium salicylate. Just like the previous group except that for 14 con-

secutive days and then in addition to sodium salicylate, they also

received a single dosage of NPPC (0.4 mg/kg) intraperitoneally in

the second 14 consecutive days. Whereas the saline group (7 rats)

received IP injections of saline solution (200 mg/kg) at the same time

points. All three groups underwent the GPIAS and PPI test (for eval-

uation of hearing function and confirmation of tinnitus), on the first

day (baseline), on the 14th day (after modeling), and finally on the

28th day (after treatment). In the end, samples were extracted for

protein expression analysis. A separate group of 8 rats was consid-

ered for the single-unit recording. On the baseline, on the 14th (after

2 weeks of sodium salicylate injection and tinnitus model confirma-

tion) and 28th day (after 2 weeks of NPPC injection), the single-unit

recordings were done (Figure 1).

2.3 | Preparation of neuroprotective placental
protein composition (NPPC)

The human placenta for NPPC preparation was procured from Sina-

Cell Company, officially certified by the Food and Drug Agency of Iran

for the ethical distribution of donated human placenta and placental

derivatives for medical and research use. The non-hydrolyzed protein

extraction and NPPC preparation from the human placenta was per-

formed according to the methodology described by Poletaev et al.15

with minor modifications, including the replacement of DE-52 cellu-

lose resin with DEAE-Sepharose Fast Flow resin (Cytiva, USA) without

further size-based fractionation of the obtained protein composition.

The final total protein concentration (measured by a QuBit 3.0 fluo-

rometer instrument, Life Technologies, USA) and pH were set at

�1 mg/mL and �7.0, respectively.

2.4 | Startle responses system

GPIAS and PPI tests were administered to investigate tinnitus behav-

ior by using the Acoustic Startle Reflex Starter Package system for

mice or rats (SR-LAB System—San Diego Instruments, San Diego, CA).

The system consists of an amplifier, a sound-attenuating chamber,

two speakers, which were placed on the ceiling of the acoustic cham-

ber, a stimulus generation panel with a platform table, and a force and

pressure sensors with the piezoelectric load cell. The rats were placed

in an acrylic holder that was installed inside the sound-attenuating

chamber. The panel stimuli consisted of white broadband noises

(BBN) presented at the sound pressure level (SPL) of 60 dB and an

acoustic startle, by a 20-ms burst of white noise at an SPL of 115 dB,

produced by loudspeakers. The startle response amplitude (peak-to-

peak values) was amplified and then digitized by a computer to follow

the corresponding analysis using SR-LAB software (SR-LAB System—

San Diego Instruments, San Diego, CA) connected to a PC. Each

GPIAS session consisted of 12 trials with a gap and 12 trials without a

gap, which were performed in 15 separate measurements. The dura-

tion of the gap lasted 50 ms (1 ms rise/fall time) which was generated

at the level of 100 ms prior to the startle stimulus. The interval

between each startling stimulus was 15–20 s, and each test lasted

F IGURE 1 Schematic diagram of the study's method.
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almost 15 min.18 In the PPI session, 15 pulses, 10 prepulses and 8 no-

stimulus trials were performed. The startle stimulus was randomly

presented in two pulse-alone conditions and when combined with

prepulse stimuli (60 dB SPL broadband noise, 50 ms duration, 1 ms

rise/fall time, and 100 ms preceded before startle stimulus). The PPI

test was done after the GPIAS test and lasted 15 min.18 A schematic

picture of the GPIAS and PPI paradigms is shown in Figure 2. The

GPIAS results were calculated by accounting for the average ratio of

the gap trials versus no-gap trials according to the below formula:

[(AvgTnogap � AvgTgap)/AvgTnogap � 100%], (AvgTgap = the aver-

age amplitude during the gap trials and AvgTnogap = the average

amplitude of the no-gap trials). For the calculation of PPI percent, the

average ratio of the startle responses versus pre-pulse trials was

obtained for each SPL using the below formula:

AvgTstartle�AvgTpre-pulseð Þ=AvgTstartle�100%½ �,

(AvgTpre-pulse = the average amplitude during the pre-pulse trials,

and AvgTstartle = the average amplitude of the startle trials).18,19

2.5 | Western blotting

In this project, the results of the expression of inhibitory and excit-

atory proteins of the MGB in the three groups were evaluated. The

implementation of this laboratory method consisted of three main

steps that were performed: first, transfer to gel electrophoresis, sec-

ond to transfer to polyvinylidene difluoride (PVDF) membrane, and

third, identification of specific proteins. For the immunoblot test, fresh

MGB tissue was first removed from the rats' brains in the shortest

possible time and homogenized. Homogenization was performed in a

cold buffer and on ice. The homogenized tissue was centrifuged

(14,000 rpm at 4�C for 15 min). The Brad Ford method was used to

measure the total protein concentration in the relevant tissue sam-

ples. 25 μg of each sample was used for Western blotting. Tissue

samples were loaded and electrophoresed in 12% SDS-PAGE gel.

After electrophoresis, the proteins were separated in the gel and then

transferred to PVDF paper. The next step was the blocking process.

Then, the primary antibody–antigen complex was kept overnight at

4�C. Finally, after washing, the secondary antibody–antigen complex

appeared on the radiographic film using the Enhanced Chemilumines-

cence (ECL) system with the emergence and fixation solutions, and

after digitizing the images, the density of the bands was measured by

the Lab works software.20 Western blot experiments were performed

using MGB tissues to evaluate the effect of Na-Sal and NPPC on the

level of GABA Aα1, NR2B, GluR1 and GluR2 subunits in this auditory

structure. Bands of immunoblots for all subunits were normalized

against β-actin.

2.6 | Acoustic stimuli and single unit recording

Rats were anesthetized with chloral hydrate. The animal was then

placed in a stereotaxic machine and the tungsten-coated metal elec-

trode was placed, in the area of the auditory thalamus based on the

Paxinos atlas.21 The acoustic stimuli were delivered by a calibrated
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loudspeaker (DT48, Beyer Dynamic, Heilbronn, Germany) via a plastic

cone located in the outer ear canal by using an Audiology Lab system

(Otoconsult, Frankfurt a. M., Germany). Initially sound signals to iden-

tify the Characteristic Frequency (CF) of neuronal units of the audi-

tory thalamic nucleus with the following characteristics: tone-burst

stimulation, duration of 50 ms, 4 ms rise/fall time, frequency steps (1–

42 kHz), and intensities (0–90 dB) with 10 dB SPL steps were used.

Immediately after recording the response map (Figure 3), it was ana-

lyzed using a custom-written MATLAB program (The MathWorks Inc.

United States)22 to extract the CF. After determining the CF, sound

stimuli (based on the CF) were presented for 1 h through a micro-

phone placed in the left ear canal, and the single unit signal was

recorded through the recording electrode placed in the right

(Figure 4). It should be mentioned that the opposite ear was plugged.

The results of the processes performed based on the codes written in

the results section are reported separately.

2.7 | Preprocessing and extracting the spikes and
bursts

Extracting the spikes and bursts from the single unit signal requires a

preprocessing procedure. The single unit data first was imported into

MATLAB (The MathWorks Inc., USA)22 and filtered using a zero-phase

bandpass Finite Impulse Response (FIR) filter between 300 and

6000 Hz frequencies. Then, a thresholding method developed specifi-

cally for the spikes differentiated them from the background noise.23

To extract bursts from the detected spikes, we utilized a definition of

burst and the autonomous approach presented by Chen et al.24 This

method groups Inter-Spike Intervals (ISIs) into bursts by employing an

iterative algorithm. In particular, we defined and calculated spikes in a

burst as the number of spikes within each burst, spontaneous firing

rate as the rate of spikes per second prior to the onset of the first

stimulation, burst firing duration as the time length of each burst,

burst firing/minute as the number of bursts per minute, and intraburst

frequency as the number of spikes per second within each burst.25

2.8 | Statistical analysis

The sample size was calculated using the “equation of resources”
approach.26 GPIAS, PPI, and Single unit recording data were calcu-

lated using a Repeated Measures ANOVA analysis of variance to

determine main effect interactions among experimental groups. Pro-

tein expression data, between experimental groups and control, were

F IGURE 3 Characteristic frequencies (CFs) and MGB unit thresholds at baseline, 14th and 28th day: scatter plot of individual MGB unit
thresholds at their CFs from the base (green) and 14th (red) and 28th days (blue) rats. The average threshold at CFs of MGB unit recording in
three situations (Base, 14th and 28th days) did not exhibit any significant difference (p > .05).

F IGURE 4 An example of a rat in the stereotaxic system with
electrodes and a microphone. The arrows indicate the electrode and
insertion phone place.
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determined by one-way ANOVA, followed by Bonferroni. p < .05 was

considered statistically significant. All results were presented as mean

± SEM (Standard Error of the Mean) and were performed using SPSS

version 16 software (IBM-SPSS, Inc., Chicago, IL, USA).

3 | RESULTS

3.1 | The effect of Na-Sal and NPPC on tinnitus-
like behaviors in rats

Salicylate-induced tinnitus was measured using the GPIAS test (n = 7

rats). A PPI experiment was performed in parallel with the GPIAS

experiment to control that the GPIAS deficits were not due to audi-

tory deficits and that rats could hear background and prepulse noise.

Animals that fail the GPIAS test but pass the PPI test are thought to

have tinnitus.27 There were no significant differences in the PPI values

among the three groups: Saline, Na-Sal, and, NPPC, as well as within

each group among the three conditions: baseline, 14th day, and 28th

day. It indicated that these animals had normal hearing in all of the

groups and conditions (Figure 5A). Rats in the Na-Sal group which

received sodium salicylate for 28 days, showed a significant decrease

in GPIAS values from the first day to the 14th day gradually, com-

pared to the saline group and baseline condition (p ≤ .001, p ≤ .001),

this reduction continued from the 14th day to the 28th day, compared

to the saline group and baseline condition (p ≤ .001, p ≤ .002,

Figure 5B). Rats in the NPPC group that received sodium salicylate for

14 days showed a significant decrease in GPIAS values between the

first day to the 14th day compared to the saline group and baseline

condition (p ≤ .000, p ≤ .000, Figure 5B). However, treatment with

sodium salicylate and NPPC between the 14th day to the 28th day

significantly increased GPIAS values compared to the Na-Sal group

(p ≤ .000, Figure 5B).

It is indicated that animals in both Na-Sal and NPPC groups, were

experiencing Na-Sal-induced tinnitus on the 14th day, and animals in

the NPPC group improved in their perception of Na-Sal-induced tinni-

tus gradually between the 14th day to the 28th day. It is noteworthy

there were no significant differences in GPIAS values between base-

line conditions in the three groups and between various conditions in

the saline group (Figure 5B).

3.2 | The effect of Na-Sal and NPPC on overall
levels of GABA Aα1, NR2B, GluR,1 and GluR2
expression in MGB

The effect of Na-Sal and NPPC treatment on the inhibitory and excit-

atory system was investigated by Western blot of GABA Aα1, NR2B,

GluR1, and GluR2 which are respectively, a major inhibitory and

most important excitatory neurotransmitter in the central auditory

F IGURE 5 PPI and GPIAS test at baseline and after Na-Sal and NPPC administration. (A) Chronic effects of Na-Sal and NPPC on pre-pulse
inhibition (PPI) values as a criterion for the hearing evaluation. The animal in the Na-Sal group received only Na-Sal (200 mg/kg) in all over
28 days. While the rats in the treatment group received Na-Sal in the first 14 days, and Na-Sal (200 mg/kg) and also NPPC (0.4 mg/kg) in the

second 14 days. There were no significant differences in the PPI values neither among the three groups (Saline, Na-Sal and treatment) nor intra
groups (baseline, 14 days and 28 days) (n = 7, p < .05). (B) Chronic effects of Na-Sal and NPPC on Gap pre pulse inhibition of acoustic startle
(GPIAS) values as a criterion for tinnitus confirmation. Saline injection had no effect on GPIAS performance (n = 7, p < .05). In contrast, injection
of Na-Sal at a dose of 200 mg/kg caused a significant reduction in GPIAS performance on both the 14th day and the 28th day in the Na-Sal
group, compared with the baseline and the two comparison groups (n = 7, p < .05). The same matter happened in the treatment group on the
14th day. While the injection of Na-Sal (200 mg/kg) with NPPC at a dose of 0.4 mg/kg caused a significant increase in GPIAS performance on the
28th day (n = 7, p < .05). Data are the mean ± SEM (two-way repeated measures analysis of variance-post hoc Tukey's test).
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pathway. GABA Aα1 protein expression significantly decreased in the

Na-Sal group in comparison to the saline (p ≤ .001) and increased in

the Na-Sal+PPC group vs. Na-Sal group (p = .001, respectively)

(Figure 6A). The statistical analysis showed neuroactivity that the

NR2B, GluR1, and GluR2 proteins expression levels in the Na-Sal

group were decreased vs. saline groups (p ≤ .001, p ≤ .01, p ≤ .01,

respectively), while the overexpression of proteins was observed in

Na-Sal+NPPC group compared to Na-Sal group (p ≤ .001, p ≤ .05,

p ≤ .05, Figure 6B–D). Taken together, the results indicated that Na-

Sal reduces both excitatory and inhibitory responses mostly through

its actions on GABAA and NMDA receptors in the MGB, and NPPC

increases excitability and inhibitory responses.

F IGURE 6 Western blots' analysis of inhibitory and excitatory subunits in Medial Geniculate Body (MGB) tissue. (A) Western blots' analysis
of GABAARα1 subunit in MGB tissue immunoreactivity against the GABAARα1 subunit in Medial Geniculate Body (MGB) tissue from the saline
group (Control), Na-Sal group (Tinnitus) and the treatment group; the plot showing immunoreactivity against the GABAARα1 subunit in the MGB.
It can be observed that the level of the GABAARa1 in MGB tissue in the Na-Sal group significantly decreased, while it increased in the treatment
group and the control group. (B) Immunoreactivity against the NR2B subunit in MGB tissue from the saline group (Control), Na-Sal group
(Tinnitus) and the treatment group; the plot showing immunoreactivity against the NR2B subunit in the MGB. It can be observed that the level of
the NR2B subunit in MGB tissue decreased in the Na-Sal group, while it increased in the treatment group, compared with the control group.
(C) Immunoreactivity against the GluR2 subunit in MGB tissue from the saline group (Control), Na-Sal group (Tinnitus) and the treatment group;
the plot showing immunoreactivity against the GluR1 subunit in the MGB. It can be observed that the level of the GluR2 subunit in MGB tissue
decreased in the NA-Sal group, while it increased in the treatment group, compared with the control group. (D) Immunoreactivity against the
GluR1 subunit in MGB tissue from the saline group (Control), Na-Sal group (Tinnitus) and the treatment group; the plot showing immunoreactivity
against the GluR1 subunit in the MGB. It can be observed that the level of the GluR1 subunit in MGB tissue decreased in the Na-Sal group, while
it increased in the treatment group, compared with the control group. Data are the mean ± SEM (one-way repeated measures analysis of
variance-post hoc Tukey's test).
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3.3 | The effect of Na-Sal and NPPC on the
neuroactivity in the MGB structure

Figure 3 shows the response map of the individual MGBs at their CFs

of animals exposed to noise in the three situations before the inter-

vention (baseline), after the intervention (day 14) and after the admin-

istration of NPPC (day 28). There was no significant difference

between the mean threshold of MGB unit recorded from the base

(29.14 ± 2.1 dB), 14th (33.00 ± 2.3 dB), and 28th days (30.85

± 2.8 dB), (p > .05).

Comparison of MGB unit burst recording between the base

(baseline condition) and 14th day (salicylate-induced animals) revealed

a significant tinnitus-related decrease in (1) mean bursts per minute

(18.37 ± 2.70, base vs. 6.86 ± 1.44, 14th day; p ≤ .002, Figure 7B);

(2) mean spikes in a burst (3.70 ± 0.26, base vs. 2.84 ± 0.20, 14th day;

p ≤ .037; Figure 7C); (3) and intraburst frequency (438 ± 22.70 s, con-

trol base, vs. 263.60 ± 19.51, 14th day; p = .001, Figure 7E). How-

ever, the mean duration of the burst (0.04 ± 0.01 s, control, vs. 0.134

± 0.035 s, tinnitus; p ≤ .052; Figure 7D) was increased. In addition, on

the 28th day, after treatment with NPPC showed an increase in the

mean bursts (14.039 ± 2.03, p ≤ .126), spikes in a burst (4.08 ± 0.25,

p ≤ .005), and intraburst frequency (356.11 ± 24.4, p = .055) com-

pared to day 14. Also, the mean duration of the burst (0.056 ± 0.020,

p = .342) after adding NPPC was reduced. The results suggest that

NPPC may be effective in modulating MGN neuronal activity after

the administration of sodium salicylate. The mean spontaneous firing

rate (SFR) recorded from the base condition of animals (32.2 ± 3)

was significantly decreased on the 14th day (8.68 ± 0.92, p ≤ .001).

While after NPPC administration (on the 28th day), the mean firing

rate (18.98 ± 2.03, p ≤ .001) showed a significant increase (Figure 7F).

4 | DISCUSSION

For the first time, this study investigated the effect of a placenta

extract (NPPC) on sodium salicylate-induced changes in GABAA and

NMDA receptor expression and its evoked electrical activities in MGB

neurons in rats. Our results showed that Na-Sal administration could

induce tinnitus behaviors and decrease the level of GABAA and

NMDA receptor subunits such as GABAAα1, NR2B, GluR1, and GluR2

as well as some parameters of neuronal activity, including bursts per

minute, spikes per burst, burst frequency, and firing rate in rat MGB

F IGURE 7 Chronic effects of Na-Sal and NPPC on MGB unit recordings. (A) photomicrograph shows histological verification of recording site
(MGB) and the schematic equivalent is taken from the atlas of Paxinos, 6th Edn. Amsterdam, published online, 2007. (B, E, F) The analysis of MGB
Units recordings revealed that there was a significant decrease in the mean number of Burst firing-per-minute, Intra-Burst-Frequency and Firing
Rate on the 14th day condition compared to the baseline and 28th day, whereas there was no significant difference between the baseline and
28th day (one-way analysis of variance). (C) But there was no significant difference in the mean number of the spike in a burst between every
three conditions (one-way analysis of variance). (D) In addition, there was a significant increase in the mean of burst duration in seconds on the
14th-day condition compared to baseline and the 28th day, whereas there was no significant difference between baseline and the 28th day (one-
way analysis of variance). The star indicates the significant difference value between the baseline and the 14th day, and the triangle indicates the

significant difference value between the 14th day and the 28th day (p < .05).
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neurons. Studies have shown that Na-Sal can pass the blood–brain

barrier and reach the cerebrospinal fluid in animals treated with high

doses of Na-Sal.28 As a result, when Na-Sal is applied systemically, it

not only acts on the cochlea but can also directly affect the several

regions of the brain within and outside the central auditory system,

including the MGB, to produce tinnitus.5,9 Our findings showed NPPC

might treat Na-Sal-induced ototoxic effects and reverse its effects. In

the present study, a high dose of Na-Sal (400 mg/kg/day) reliably

induced tinnitus-like behavior in Wistar rats, as observed in the

behavioral data analysis. The data demonstrated that Na-Sal inhibited

startle responses in the GPIAS parameter, while the PPI parameter

remained unaffected (Figure 5). These findings align with previous

studies indicating that long-term administration of salicylate at a dos-

age of 400 mg/kg can induce tinnitus in rats.29 In experimental tinni-

tus, inflammation is believed to play a role in the underlying

pathophysiology.30 Two inflammatory cytokines, TNF-α and IL-1, are

elevated throughout the auditory pathway in animal models of

tinnitus.31–34 These cytokines have been shown to impact both inhibi-

tory and excitatory neurotransmission. TNF-α, for instance, affects

inhibitory GABA receptors by reducing their strength through the

endocytosis of GABA receptors, resulting in a decrease in surface

GABA receptors.35 IL-1β has been observed to suppress GABA-

induced currents.36 TNF-α and IL-1β also influence excitatory neuro-

transmission. The precise effect of TNF-α on the excitatory NMDA

receptor is still a topic of debate, as both decreased and increased

NMDA receptor currents have been reported.36–39 Our findings dem-

onstrate that Na-Sal decreases the expression of NMDA and GABA

receptor subunits. Conversely, NPPC (human placental extract)

increases the expression of excitatory and inhibitory receptor subunits

and modifies the effects of salicylate on them. Our findings align with

a study conducted by Yan-Yan Su et al., where they demonstrated

that Na-Sal decreased both excitatory and inhibitory postsynaptic

responses in a salicylate-induced tinnitus model using whole-cell

patch-clamp recordings in MGB slices.9 Human placenta extract (HPE)

possesses various beneficial properties, including anti-inflammatory,

analgesic, antioxidant, cellular and radioactive protection, anti-allergic,

repair, and proliferation stimulation effects.12,40–42 Notably, HPE has

been demonstrated to have anti-inflammatory effects. A study con-

ducted by Lee et al. (2010) revealed that HPE significantly inhibited

inflammatory factors such as TNF-α, cyclooxygenase-2, and nitric

oxide in cellular and animal models of inflammation.43 Therefore, in

our study, it is plausible that Na-Sal-induced inflammatory factors

contributed to the decreased expression of NMDA and GABA recep-

tor subunits. Additionally, NPPC (human placental extract) could

reverse the molecular changes induced by Na-Sal due to its anti-

inflammatory properties. Further investigations are warranted to

explore the relationship between the anti-inflammatory effects of

HPE and the suppression of tinnitus, providing more insights into the

role of HPE in tinnitus alleviation. The current study demonstrated

that NPPC could reverse and enhance the alterations induced by Na-

Sal in various electrophysiological parameters, including bursts per

minute, spikes per burst, burst duration per second, burst frequency,

and firing rate in MGB units.

In this regard, Yan-Yan Su and colleagues (2012) employed

whole-cell patch-clamp recordings in MGB slices to investigate the

effects of Na-Sal (1.4 mM) on action potentials and current-evoked

firing in MGB neurons.9 They observed that Na-Sal modulated action

potentials and suppressed current-evoked firing in MGB neurons. Fol-

lowing salicylate administration, both excitatory and inhibitory cur-

rents decreased in the MGB. Although Na-Sal reduces MGB

excitability, it induces tinnitus-like behavior in rats. The reduction in

MGB excitability results in decreased thalamic inputs to the auditory

cortex. As these inputs preferentially activate inhibitory neurons in

the cerebral cortex rather than excitatory neurons,44–47 the reduction

in these inputs leads to increased excitatory activity in the auditory

cortex. In other words, the fluctuation in the input caused by Na-Sal

may alter the balance between inhibition and excitation, shifting it

toward the excitatory side and ultimately increasing the excitability in

auditory cortical neural networks. Besides, using the single-unit

recording method, Kalappa et al. (2014) investigated the activity of

MGB neurons in an animal model of sound-induced tinnitus in awake

rats. They reported an increase in the spontaneous firing rate of neu-

rons and an increase in the slope of the activity level graph of neurons

in the MGB region.48 Their results contradicted the findings of our

study. The difference between the results of these two studies can be

linked to several points. (1) The recording method, in the present

study, the neural activities caused by acoustical stimulation were

recorded, while in the study of Kalappa et al (2014), those responses

caused by the baseline neuronal stimulation and or the spontaneous

activities that are not driven by an external stimulus were reported.

(2) Different methods of inducing tinnitus in animal models, in the cur-

rent study, the salicylate-induced tinnitus model was used to investi-

gate the neural activities, while in the report of the Kalappa study, the

results of the experimental model of sound-induced tinnitus were

analyzed. (3) In the present study, single units were recorded from

anesthetized rats but not from awake rats as in Kalappa's study.

(4) Another reason for the difference between the current study's

results and Kapala's maybe because of the presence of a variety of

neuronal types in the MGB and the complexity of determining the

exact role of specific neurons in causing tinnitus. Also, we found that

salicylate-induced changes in various electrophysiological characteris-

tics were modified by NPPC administration. The study of Girotto and

Malinverni is in agreement with the results of the present study

and shows that placenta extract can increase electrophysiological

activities.49 However, despite the above results, how the changes

caused by salicylate induced can be recovered by NPPC is not clear

precisely and needs further studies. In addition, given the essential

role of the MGB in tinnitus,50 the effect of NPPC on the MGB was

investigated in this study. The effect of NPPC on other parts of the

auditory pathway requires further investigation.

5 | CONCLUSIONS

The present study shows that neuroprotective protein composition

(NPPC) extract may modulate molecular and electrophysiological
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changes associated with salicylate-induced tinnitus. Salicylate

reduces the expression of excitatory and inhibitory receptor sub-

units. It alters neuroelectrical activity such as spontaneous firing

rate, burst per minute, and the spike in a burst in the medial genicu-

late nucleus of tinnitus rats. However, the application of NPPC

increases the expression of NMDA and GABA receptor subunits,

leading to positive therapeutic effects on neural activity. Further

research is required to uncover the mechanism underlying this prom-

ising therapeutic approach.
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