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ABSTRACT
Background: A polyamine, agmatine, has been proposed as a new neurotransmitter in the brain.
Objective: The aim of this study was to evaluate the effects of acute and chronic agmatine treatment
on the rat auditory system.
Methods: Male Wistar albino rats weighing between 280-330 grams were used. Animals were
divided into four groups (n= 8 for each group). Acute and chronic agmatine (160 mg/kg) was
administered to rats. Prepulse inhibition (PPI) of the acoustic startle reflex (ASR), distortion product
otoacoustic emissions (DPOAEs), auditory brainstem responses (ABR) were evaluated in all groups.
Results: Both acute and chronic agmatine treatments also significantly disrupted PPI. Chronic but not
acute treatment with agmatine produced some DPOAE and ABR changes in rats.
Conclusion: Our results suggested that chronic agmatine treatment for seven days resulted in some
significant negative changes in cochlear function. Because the PPI of the ASR is also used as an
indicator for psychoses, such as schizophrenia, in human and experimental animal studies, our
findings also imply that the DPOAE and ABR tests may also be considered in the diagnosis and
follow-up of patients with psychoses.
Keywords: Agmatine; Auditory brainstem responses; Distortion product otoacoustic emissions;
Prepulse inhibition; Rat

Introduction
A polyamine, agmatine, has been proposed as a new
neurotransmitter in the brain. Agmatine is synthesized in
the brain, stored in the synaptic vesicles of neurons and
secreted by Ca2+-dependent depolarization. Agmatine also
binds to alpha 2-adrenergic and imidazoline receptors,
blocks N-methyl-D-aspartate (NMDA) receptors and other
ligand-gated ion channels, and inhibits the enzyme nitric
oxide synthase (NOS).1 In our previous study, we observed
that agmatine (160 mg/kg, i.p) disrupted PPI of the acoustic
startle reflex in rats.2 Because the disruption of PPI is a
valid experimental3 and clinical4 test in schizophrenia and
psychosis, this observation made us think there might be a
relationship between agmatine and schizophrenia. The
following studies supported this hypothesis. Thus, while
Uzbay et al.5 showed significant increases in plasma
agmatine levels in patients with schizophrenia, in a
postmortem study, Liu et al.6 found increased agmatine
concentrations in schizophrenia cases.
Polyamines (i.e., ornithine, putrescine, spermine and
spermidine) are biogenic amines that are necessary for
cellular functions ranging from DNA stabilization and gene
expression regulation to ion channel function and,
particularly, cell proliferation. Polyamines play a critical
role in quickly dividing cells, such as those in the immune
system and digestive tract.7 The polyamine stress response

and polyamine stress-induced mental disorders such as
schizophrenia have also been defined.8
ASR and PPI are used to characterize the physiological and
anatomical properties of the sensory cortex, brain stem, and
pontine nerve circuits, as well as to obtain information on
drug effects.9 In addition, PPI of the ASR can be used to
demonstrate behavioral reflections of a cochlear injury due
to ototoxic drugs10 and to detect transient threshold shifts
due to pure tone acoustic stimulation.11 Notably, the
incidence of schizophrenia was also found to be higher in
patients diagnosed with severe hearing loss.12 Another
study on the frequency of hearing loss in patients with
psychotic disorders failed to find a significant association
between hearing loss and psychotic disorder; however, it
noted a significant increase in the hearing thresholds of
schizophrenia patients, which could promote hearing
difficulties in noisy environments.13 The difficulties
experienced by patients with schizophrenia in noisy
environments may be related to both hearing loss and
disturbances in sensory filtering mechanisms. Sensory
filtering allows the regulation of the amount of sensory
input to the brain. In patients with schizophrenia, there is
insufficient filtering of secondary stimuli associated with
significant sensory inputs due to sensory filtering
disturbances.14
Alpha-difluoromethylornithine (DFMO), an irreversible
inhibitor of ornithine decarboxylase (ODC) in the
polyamine synthesis pathway and a potential antineoplastic
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drug, was observed to lead to reversible sensorineural
hearing loss during phase II clinical trials.15 Subsequent
studies confirmed DFMO-induced ototoxicity and indicated
that polyamines may have some harmful effects in hearing
systems.16,17 Agmatine, a polyamine that disrupts PPI, may
also have toxic effects on hearing-related systems.
However, the effects of agmatine on the hearing system
have not been the subject of any study to date, which is
important because agmatine is safely and widely used as a
food supplement because it is believed to have some
beneficial effects.
Thus, this study was conducted to evaluate the effects of
acute and chronic agmatine treatment on the rat auditory
system by measuring DPOAEs and ABRs.

Methods
Animal and Laboratory Characteristics
Thirty-two ten-week-old adult male Wistar albino rats
weighing between 280-330 grams were included in this
study. The animals were obtained from the Usküdar
University Experimental Research Unit. All experiments
were conducted according to the ethics rules indicated by
the Helsinki Declaration and the Guide for the Care and
Use of Laboratory Animals. This study was approved by
the Usküdar University Ethical Committee of Animal Care,
22 January 2016, 2016/01.The rats were kept in a
laboratory appropriate for a circadian rhythm of 12 hours of
night/day (light from 7.00 a.m. to 7.00 p.m.) at room
temperature (22 ± 3 °C) and a humidity of 60 ± 5%; the
ambient noise level was less than 50 dB. Four rats were
housed per plexiglass cage. The rats were provided with
food and water ad libitum, and standard care was given. All
experiments were performed at the same time of day during
the light period (09:00 a.m-11:30 a.m.). The research was
conducted at the Neuropsychopharmacology Application
and Research Center of Üsküdar University.
Drugs
Agmatine sulfate was obtained from Sigma-Aldrich Co. (St.
Louise, Missouri, USA). Agmatine was dissolved in a
physiologic saline solution and injected intraperitoneally in
a volume of 1mL/kg. The control animals received saline.
Experimental Procedures
Prepulse inhibition of the acoustic startle reflex test
Prepulse inhibition of the acoustic startle reflex was
measured using Animal Acoustic Startle Reflex System
chambers (SR-LAB, San Diego Instruments, San Diego,
CA, USA) as described previously.2
Each test device consists of a soundproof, lighted, and
ventilated chamber. Inside the chamber, there is an animal
enclosure consisting of a plexiglass cylinder (8.8 cm in
diameter, 25 cm in length) in which the animal is placed
during the experiment. The platform-mounted piezoelectric
accelerometer under this cylinder transduces animal
movements and startle responses digitized (0-4095),
rectified, and recorded as 100 1-ms readings, starting at the
onset of each startle stimulus.18 The average of these 100
readings was taken as the dependent measure. Background
noise and acoustic stimuli were generated via a loudspeaker
mounted 24 cm above the cylinder, and the background
noise level was 70 dB[A] sound pressure level (SPL) during

the study. SR-LAB software controlled the delivery of all
stimuli to the animals and recorded the response.
Calibration procedures were performed periodically for
loudspeaker performance and stabilizer sensitivity.
The animals were handled for 5 minutes daily for three
days before the PPI test. The next day, rats were habituated
to the animal holders of the startle test system for 15
minutes without background noise or pulses. On the next
day, the basal prepulse measurements were taken from the
rats, without any drugs and injections, in the same way as
the actual experimental procedure.
On the test day, the drug was administered, and the rats
were placed in a startle chamber for a 5-min acclimatization
period with 70 dB background noise, followed by five
consecutive startle pulse-alone trials. This procedure was
followed by 10 blocks of four trial types in a
pseudorandomized order, and no two consecutive trials
were identical. The trial types were as follows: I) pulsealone stimulus (120 dB); II) prepulse (74 dB) + pulse
stimulus (120 dB); III) prepulse (78 dB) + pulse stimulus
(120 dB); and IV) prepulse (86 dB) + pulse stimulus (120
dB).
The pulse-alone stimulus was broadband noise at 120
dB[A]. The SPL lasted for 40 ms, and all three prepulse
stimuli were tone stimuli at a frequency of 3 kHz for 20 ms.
The prepulse stimulus was applied 100 ms prior to pulse
stimuli (onset to onset). Prepulse stimuli levels were
selected at intensities that did not elicit a significant startle
reflex when applied alone. The intertrial interval averaged
7.5 s (min 3 s; max 12 s), including the no-stimulus trials
(average of 15 s between the trials with a stimulus). The
protocol lasted approximately 34 min. There was a oneweek period between the initial measurements and test
measurements, and then the same protocol was applied. The
startle reflex was recorded as the average amplitude. PPI
was defined as the percent reduction in amplitude of the
startle reflex in the presence of the prepulse stimulus, and
each of the three different prepulse intensities was
calculated using the following formula:
PPI % = 100 – (The mean of the startle reflex in trials with
a prepulse x 100/The mean of the startle reflex in trials
without a prepulse),
Hearing Assessments
Distortion Product Otoacoustic Emission Measurement
DPOAE measurements were conducted with a CapellaMadsen (GN Otometrics A/S Taastrup, Denmark) device
by using an appropriate newborn probe. This device was
calibrated before each measurement. Measurements were
performed in a silent room. The DPOAE test was applied to
both ears of all rats. The f2/f1 ratio was fixed to 1.22, and
the L1-L2 difference was kept at 10 dB SPL (L1=70 dB
SPL; L2=60 dB SPL). The DPOAEs were evaluated at
tones equal to 2f1-f2 and generated at the frequencies
corresponding to the geometric mean of f1 and f2. Signalto-noise ratio (SNR) values, which were calculated by
subtracting the background noise level from the DPOAE
measurements in dB, were recorded at 2000, 3000, 4000,
6000, and 8000 Hz. SNR values of 3 dB or above were
regarded as positive and used in evaluating the DPOAE
results.
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Auditory Brainstem Response Measurements
ABR test was performed for both ears of each animal by
using ICS Chartr EP 200 (Otometrics, Taastrup, Denmark).
After the animals were anesthetized, subdermal electrodes
were placed at the vertex (active electrode), over the
mastoid bone of the tested ear (reference electrode) and
over the contralateral mastoid bone (grounding electrode).
A click stimulus was used as auditory stimuli within the
bandpass filter, a range of 100-3000 Hz and a repetition rate
of 21 s was set as filtering. The stimuli started at 80 dB and
decreased by 10 dB for suprathreshold levels and by 5 dB
for levels near the threshold. The thresholds were tested
twice, and reproducibility was observed. The ABR
threshold was defined as the lowest stimulus intensity at
which wave II could be identified.
Test Procedures
The entire procedure is based on two experiments that
measure the acute and chronic effects of agmatine. Each
experiment consisted of two groups: a control group (n = 8)
and a test group (n = 8). The rats with a baseline startle
reflex of less than 20 g were not included in the study and
were replaced with other rats that had a startle reflex above
the desired threshold (this situation occurred only four
times throughout the study). According to the baseline
average PPI responses, those with low, medium, and high
PPI responses were distributed equally in each group.
Animals were weighed prior to each PPI measurement, and
no weight change was observed in any animals. DPOAE
and ABR tests were performed in both ears under
anesthesia, and before the tests, all rats were evaluated with
an otoscope, and ears with plugs were cleaned and
controlled for a normal external ear canal with an intact
tympanic membrane. All animals demonstrated a normal
otoscopic examination in the study. Rats were anesthetized
with isoflurane. Isoflurane was administered to the rats in
an induction chamber with a vaporizer at 4% in O2 with a
flow rate of 1-1.5 L/min for induction, and anesthesia was
maintained during tests with 2.5% isoflurane. Body
temperature was maintained at 37 °C by a heating lamp
throughout the testing procedure. After all measurements
were completed, the decapitation method was applied under
anesthesia by using a guillotine. The experiment was
completed with the same number of animals as were
present in the beginning of the experiment.
In experiment 1, baseline PPI measurements were followed
by baseline DPOAE and ABR tests. One week after the
initial tests, on the test day, a single dose of saline (1
mL/kg) was administered intraperitoneally to the control
group, and the experimental group received a single
intraperitoneal dose of 160 mg/kg agmatine; the same
measurements were repeated.
In experiment 2, baseline PPI measurements were followed
by baseline DPOAE and ABR tests. 1 mL /kg of saline was
administered intraperitoneally to the control group, and 160
mg/kg agmatine was administered to the experimental
group for seven consecutive days. PPI measurements,
DPOAE, and ABR tests were performed on the 7th day
after drug administration.
Statistical Analysis
The statistical analyses of the obtained data were performed
using the IBM SPSS Statistics for Windows, Version 20.0.

(Armonk, NY: IBM Corp.) program. The Shapiro-Wilk
test, Q-Q, and histogram graphs were used to determine the
normality of the data. Mean ± standard deviation values
were used. In-group DPOAEs and ABR responses of the
control and experimental groups were compared with the
Wilcoxon test results. The comparison of DPOAE and
ABRs of the control and experimental groups was
performed by the Mann-Whitney U test. PPI data of the
control and experimental groups were compared with
Student's t-test. P <0.05 was considered statistically
significant.

Results
Experiment 1 (Acute treatments)
The DPOAE results and p values are summarized in Table
1. DPOAE responses were tested at frequencies of 2, 3, 4,
6, and 8 kHz at the baseline and after drug administration.
There were no statistically significant differences in the
baseline SNR values between groups (P > 0.05). SNR
values obtained after drug exposure in the agmatine group
were not statistically significant at all frequencies compared
with the baseline values (P > 0.05). There were no
statistically significant differences between the SNR values
of the rats that were administered agmatine and the control
group at any frequency (p > 0.05).
The ABR results and p values are summarized in Table 2.
There were no statistically significant differences in the
baseline ABR threshold values among the groups (P >
0.05). The initial ABR threshold values and values obtained
in the agmatine group after drug exposure were similar (p >
0.05). There was no significant difference between the
ABR threshold of the rats treated with agmatine or those
treated with saline (P > 0.05) (Table 2).
Acute agmatine (160 mg/kg) treatment produced some
significant disruptions in PPI at prepulse intensities of 74,
78 and 86 dB (p < 0.001, p= 0,003, and p= 0.015,
respectively) (Figure 1A). The treatment did not produce a
significant change in the startle amplitude intensity
compared to the control group (p = 0. 38) (Figure 1B).
Experiment 2 (Chronic treatments)
Comparisons of pre- and posttreatment DPOAE responses
and p values are summarized in Table 3. There were no
statistically significant differences in the baseline SNR
values among the groups (p > 0.05). In neither of the
frequencies, SNR values in the DPOAE results at the
baseline and after 7 days of being treated with saline were
not found to be significantly different in the control group
(p>0.05) (Table 3).
Comparing the test results on the seventh day with those of
the baseline revealed a statistically significant decrease in
SNR values at all frequencies in the agmatine group
(p<0.05). When the control group was compared with the
agmatine group, the SNR values of the agmatine group on
the seventh day were significantly lower than those of the
control group at all frequencies. (p<0.05) (Table 3).
The ABR results before and after drug treatments and p
values are summarized in Table 4. The mean ABR
thresholds were similar among the control and agmatine
groups based on ABR tests performed at the baseline
(p>0.05) (Table 4). There were no significant differences
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between the initial ABR threshold values of the control
group and values obtained after saline treatment (p > 0.05).
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Figure 1. Effects of a single dose (acute) agmatine on prepulse
inhibition (A) and the startle reflex (B) of rats (*P < 0.05, **P <
0.01 Student’s t-test; n = 8 for each group).
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day of the study (p<0.001). A comparison of the control
group and agmatine group on the seventh day of the study
indicated a significant increase in the mean hearing
threshold in the agmatine group (p<0.05) (Table 4).
Chronic agmatine (160 mg/kg) treatment significantly
disrupted PPI at a prepulse intensity of 86 dB (p = 0.009).
The treatment also reduced PPI levels at intensities of 74
and 78 dB without reaching statistically significant levels
(Figure 2A). In contrast to acute treatment, chronic
treatment with agmatine caused a significant reduction in
the baseline startle amplitude at 86 dB (P = 0.008) (Figure
2B).

Agmatine
160mg/kg

Figure 2. Effects of chronic agmatine on prepulse inhibition (A)
and the startle reflex (B) of rats (*p < 0,05* Student’s t-test; n= 8
for each group).

In the agmatine group, the ABR thresholds were
significantly higher than the baseline values on the seventh

Our In the present study, the effects of agmatine, a
polyamine neuromodulator, were tested for the first time
via DPOAEs and ABRs in rats. While a single dose of
agmatine did not produce any significant effect on
DPOAEs or ABRs, chronic treatment for 7 days produced
some significant impairments in DPOAEs and ABRs in
rats. These results clearly suggest that agmatine may cause
some auditory problems during chronic use.
We selected the agmatine dose according to our previous
study. We observed significant disruption of PPI in rats by
acute treatment with agmatine at a dose of 160 mg/kg2. Our
findings indicating agmatine-induced disruptions in the PPI
of the acoustic startle reflex also confirm and support the
results of this study.
In the present study, agmatine disrupted PPI during both
acute and chronic treatments. Because PPI disruption is an
indicator for psychoses such as schizophrenia3,4, our results
also suggested that there may be a link between agmatine,
auditory impairments and schizophrenia. This suggestion
has also been supported by the results of previous studies.
In a previous study, we observed that agmatine at a dose of
160 mg/kg disrupted PPIs such as apomorphine in rats.2 In
addition, we found significant increases in plasma agmatine
levels in patients with schizophrenia.5 In this study,
regression analysis indicated positive correlations between
increased agmatine levels and the duration of the disease.5
Furthermore, in a postmortem study, Liu et al. showed
increased agmatine concentrations in the frontal cortex of
schizophrenia patients.6
Several molecular, cellular, neurophysiological, and
neuroanatomical factors play roles in the pathophysiology
of schizophrenia. The role of various neurotransmitter
systems, especially dopaminergic, serotonergic and
glutamatergic systems, and some biomarkers and genes in
schizophrenia have been investigated.19,20 The critical role
of polyamines such as spermidine and spermine in the
regulation of cell membrane function and cerebral
dopamine secretion suggests that they may also act in the
pathogenesis of schizophrenia.21,22 NMDA receptor
antagonists such as phencyclidine and ketamine can
precipitate some psychotic symptoms in both experimental
animals and humans, and it has been suggested that
glutamatergic hypofunction is associated with psychotic
symptoms.19,23,24 It has been shown that a polyamine
agmatine also has a marked inhibitory effect on NMDA
receptors in the rat hippocampus.25 Thus, it may have a role
in the pathophysiology of schizophrenia.
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Table 1. Comparison of pre- and post-treatment on DPOAE responses
Saline
2 kHz
3 kHz
4 kHz
6 kHz
8 kHz

Before
13,75± 3,29
23,13± 2,85
26,35± 1,70
30,35± 4,20
35,70± 2,81

After
14,31± 3,16
23,19± 3,03
25,78± 1,54
29,78± 4,87
35,0± 3,12

Agmatine (160 mg/kg)
Before
After
14,60± 2,28
13,96± 2,94
22,39± 3,61
21,90± 4,08
25,52± 1,58
25,03± 1,35
29,31± 4,60
29,05± 4,60
34,54± 3,67
34,47± 4,33

P1
0,836
0,861
0,256
0,162
0,108

P2
0,393
0,142
0,306
0,073
0,753

P3
0,13
0,48
0,08
0,59
0,59

P4
0,57
0,25
0,97
1,0
0,89

Values are presented as mean ± standard deviation (SD); DPOAE: Distortion product otoacoustic emission; P1 control group baseline vs.
after saline treatment (Wilcoxon Signed Ranks Test p>0.05); P2 agmatine group baseline vs. after agmatine treatment (Wilcoxon Signed
Ranks Test p>0.05); P3 control group vs. agmatine group baseline (Mann Whitney U Test p>0.05); P4 Comparison of single dose saline
and single dose agmatine administration (Mann Whitney U Test p>0.05).
Table 2. ABR thresholds before and after application of drugs.
Saline
#ABR

Agmatine(160mg/kg)

Before

After

P1

Before

After

P2

P3

P4

11,56 ±3,52

12,18± 3,63

0,157

12,5± 4,08

13,75± 5,0

0,330

0,44

0,44

Values are presented as mean ± standard deviation (SD); #ABR: Auditory brainstem response; P1 control group baseline vs. after saline
treatment (Wilcoxon Signed Ranks Test p>0.05); P2 agmatine group baseline vs. after agmatine treatment (Wilcoxon Signed Ranks Test
p>0.05); P3 control group vs. agmatine group baseline (Mann Whitney U Test p>0.05); P4 Comparison of single dose saline and single
dose agmatine administration (Mann Whitney U Test p>0.05).
Table 3. Comparison of pretreatment and post-treatment DPOAE responses
Saline

2 kHz
3 kHz
4 kHz
6 kHz
8 kHz

Before
Mean ± SD
13,52±2,20
24,80±3,09
26,48±2,19
31,33±3,19
34,91±1,11

After
Mean ± SD
14,23±2,16
24,83±3,66
27,13±3,06
31,22±2,73
34,53±1,28

P1
0,81
0,87
0,27
0,87
0,69

Agmatine (160mg/kg)
Before
After
Mean ± SD
Mean ± SD
13,55±3,11
8,9±3,37
23,22±3,42
18,58±2,72
26,51±2,13
18,54±2,48
29,95±3,59
24,01±2,68
34,58±3,19
19,8 ±3,34

P2

P3

P4

0,006**
0,002**
0,00**
0,001**
0,00**

0,86
0,16
0,91
0,31
0,98

0,00**
0,00**
0,00**
0,00**
0,00**

Values are presented as mean ± standard deviation (SD); DPOAE: distortion product otoacoustic emission; P1 control group baseline vs.
after saline treatment (Wilcoxon Signed Ranks Test p>0.05); P2 agmatine group baseline vs. after agmatine treatment (Wilcoxon Signed
Ranks Test p≤0.01**); P3 control group vs. agmatine group baseline (Mann Whitney U Testi p>0.05); P4 comparison of seven-day saline
and seven-day agmatine administration (Mann Whitney U Test p ≤0.01**).
Table 4. ABR thresholds before and after drug treatments

#ABR

Saline
Before
After
Mean ± SD
Mean ± SD
13,12±4,42
12,50±4,08

P1
0,59

Agmatine (160mg/kg)
Before
After
Mean ± SD
Mean ± SD
15,01±5,16
19,06±4,17

P2

P3

P4

0,009**

0,30

0,00**

Values are presented as mean ± standard deviation (SD); #ABR: Auditory brainstem response; P1 control group baseline vs. after saline
treatment (Wilcoxon Signed Ranks Test p>0.05); P2 agmatine group baseline vs. after agmatine treatment (Wilcoxon Signed Ranks Test
p>0.05); P3 control group vs. agmatine group baseline (Mann Whitney U Test p>0.05); P4 Comparison of single dose saline and single
dose agmatine administration (Mann Whitney U Test p>0.05).

Although the presence of ornithine decarboxylase, which is
essential for the synthesis of spermin, spermidine,
putrescine, and polyamines, has been shown in the
mammalian cochlea,26,27 there has been no evidence
regarding the role of agmatine in acoustic functions. As a
significant molecule of the polyamine pathway, we
hypothesized that agmatine could have an impact on
cochlear function. Thus, we observed that chronic but not
acute administration of agmatine leads to a disruption in
DPOAE values and to an increase in the ABRthreshold. We
consider that the impact of agmatine on cochlear function is
driven by similar pathways reported for other polyamines.
Type 1 primary afferent neurons located in the spiral
ganglion of the cochlea have glutaminergic synapses and
non-NMDA and NMDA receptors.28 Both non-NMDA and
NMDA glutamate receptors are components of primary
afferent neurons and play roles in neurotransmission in the
primary auditory system.29 There is a region on the NMDA
receptor complex specific to polyamines; therefore,

polyamines can positively and negatively modulate
NMDA-type glutamate receptor.30 Agmatine has been
shown to selectively modulate the NMDA subclass of
glutamate receptor channels in rat hippocampal neurons.25
Hence, we suggest that agmatine can modulate cochlear
neurotransmission similar to other polyamines. Moreover,
spermin and spermidine, which are degradation products of
agmatine, may also activate NMDA receptors or
excitotoxic damage to cochlear hairy cells, as observed in
aminoglycoside-induced ototoxicity.31 Agmatine may also
have deteriorated cochlear physiology through the
inhibition of nitric oxide synthase (NOS) and influencing
NO levels, which regulate cochlear blood supply,
neurotransmission, and cochlear endolymph homeostasis.32
In addition, the reduction of NO may also have deactivated
potassium channels, which have been shown to modulate
neural excitability in agmatine-administered rats.33
In this study, the disruption in DPOAE values and the
increase in the ABR threshold following chronic doses of
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agmatine suggest that acoustic neurotransmission is
affected by chronic agmatine administration and that the
disruption in PPI and the reduction in the amplitude of the
ASR may be directly associated with acoustic changes. The
disruption of the PPI by the prestimuli that are 86 dB SPL
above the background noise, in contrast to the prestimuli 74
and 78 dB above the background noise, may be associated
with the increased hearing thresholds. Nevertheless, the
disruption of the PPI may reflect a disruption in the
sensorial gate-control mechanism. The reduction in the
ASR amplitude may be a consequence of cochlear
dysfunction caused by agmatine as well as central
processing disorders, which has been previously shown in
subjects with schizophrenia.34
Startle reactivity is defined as the magnitude of the startle
response on either the initial stimulus presentation or over a
relatively small number of startles trials.9 In schizophrenia
patients with prodromal symptoms or in those experiencing
their first episodes of schizophrenia, startle reactivity has
been reported to be reduced along with the increase in the
severity of the symptoms.35 Additionally, long-term followup studies of subjects with schizophrenia have
demonstrated that PPI deficits more commonly develop in
these patients compared to healthy controls, probably due to
disease-related factors such as disease process, clinical
state, or medication.36 The study of Hammer et al. revealed
that although schizophrenia patients had PPI deficits
compared to controls at the baseline, the PPI significantly
increased in patients and decreased significantly in controls
through the 6-year follow-up, and there were no significant
differences regarding the PPI between the schizophrenia
subjects and the controls at the end of the follow-up
period.36 The blunted startle reactivity may be related to
aging or to the change in hearing thresholds.36 However, the
presence of a blunted startle response in elderly subjects
even after the application of stimuli adjusted to the hearing
thresholds suggests that the reduction in startle reactivity is
caused by the changes in central data processing instead of
the change in primary auditory mechanisms.37
The cocktail party effect refers to the ability of people to
focus on a single talker or conversation in a noisy
environment, and cocktail party listening conditions include
multiple perceptual-cognitive processes, such as listening
conditions, target detection, and selective attention.38 It is
known that the performance of patients with schizophrenia
decreases under cocktail party conditions, which requires
directing attention to the target speech under the conditions
of multiple speakers.39 This may be the result of sensory
stimulation-related hypersensitivity associated with a
stimulus overload,14 which leads to cognitive fragmentation
in patients with schizophrenia.
Polyamines are considered to play a critical role in
vestibular function as well as acoustic function.40 Agmatine
may directly affect cochlear physiology or indirectly affect
cochlear physiology and pathology through the metabolism
of polyamines. However, we have some limitations in the
present study. Cochlear histological evaluation was lacking
in this study. Therefore, we could not test whether changes
in acoustic function were associated with any structural
changes. We also could not investigate whether the acoustic
dysfunction induced by agmatine was irreversible, akin to
the ototoxicity induced by α-difluoromethylornithine,

which is an irreversible inhibitor of ornithine decarboxylase
and polyamine synthesis. These results therefore need to be
interpreted with caution.

Conclusion
Our results suggested that chronic agmatine exposure leads
to significant negative changes in cochlear function. Our
findings also imply that DPOAE and ABR tests should be
considered in the diagnosis and follow-up of patients with
psychoses, such as schizophrenia. Further studies
investigating the role of agmatine in polyamine-induced
ototoxicity and acoustic functions are required.
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