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Objectives. Diabetic auditory neuropathy is a common complication of diabetes mellitus that has a major impact on pa-
tients’ quality of life. In this study, we assessed the efficacy of rutin in treating diabetic auditory neuropathy in an ex-

perimental rat model.

Methods. Forty Sprague-Dawley rats were randomly assigned to the following groups: group 1, control; group 2, diabetic
rats; and groups 3-5, rats treated with rutin (at doses of 50, 100, and 150 mg/kg, respectively). We used auditory
brain stem response, stereology of the spiral ganglion, and measurements of superoxide dismutase (SOD) and malo-

ndialdehyde (MDA) to evaluate the effects of treatment.

Results. Significant improvements in auditory neuropathy were observed in the rutin-treated groups in comparison with
the diabetic group (P<0.05). Auditory threshold, wave latency, wave morphology, the volume and number of neurons
in the spiral ganglion, and SOD and MDA activity showed improvements following treatment.

Conclusion. Rutin shows promise as a treatment modality for diabetic auditory neuropathy, but more trials are warranted

for its clinical application.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease that affects multi-
ple organs throughout the body. Diabetes imposes a high burden
in terms of mortality and morbidity, primarily due to vascular
and nervous system (peripheral and central) involvement. Dia-
betic neuropathy involves sensory, motor, and autonomic nerves
[1,2]. Metabolic aberrations in neuropathy are mainly the result
of oxidative stress and the polyol pathway. Hyperglycemia up-
regulates the polyol pathway, aldose reductase activity, and sor-
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bitol production. Hyperglycemia also increases the formation of
advanced glycation end-products, activates protein kinase C,
poly (adenosine diphosphate-ribose) polymerase, and the hex-
osamine pathway, and causes changes in neurotrophic factors.
These mechanisms all result in increased levels of free radicals,
especially reactive oxygen species (ROS), in tissues throughout
the body [3,4]. In addition to radical species, hyperlipidemia
and persistent hemoglobin glycosylation damage the vascular
endothelium. Endothelial damage causes basement membrane
thickening and cellular proliferation, thereby shrinking the vas-
cular lumen [5]. Neuropathy in DM primarily occurs to damage
to feeding vessels, as the effects of ischemia on nerves include
the demyelination and degeneration of neural fibers. Microcircu-
lation disorders also affect the auditory system through structur-
al and functional changes. Auditory neuropathy clinically pres-
ents with hearing loss, tinnitus, and dizziness, which have a ma-
jor effect on quality of life [6,7]. Despite our knowledge of the
mechanisms underlying diabetic neuropathy, little is known
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about its prevention and treatment. Many agents, such as benfo-
tiamine (a vitamin B1 derivative) [8,9], alpha-lipoic acid [10],
folic acid [11], and ruboxistaurin (a protein kinase C-beta inhibi-
tor) [9] have been investigated in experimental and clinical trials
to determine whether they reduce the rate and severity of neu-
ropathy, but none has led to definitive results; thus, further stud-
ies are needed to find an effective way to manage diabetic neu-
ropathy [8,9].

Rutin, also called rutoside, is a bioflavonoid formed by the fla-
vonol quercetin and the disaccharide rutinose. This glycoside is
found in many plants and fruits, including citrus fruits, apple,
and buckwheat [12,13]. Rutin is known to have anti-inflamma-
tory, antiproliferative, and antioxidant activity, the latter of
which it exerts by scavenging ROS. Reducing levels of ROS can
decrease oxidative stress in neurons, thereby controlling neurop-
athy (including auditory neuropathy) in patients with diabetes
[14-16].

The auditory brain stem response (ABR), which is measured
by evoked potential recording, is one the best tools to evaluate
auditory neuropathy. It reflects electrical activity in the auditory
nerve and its brainstem connections. The electrical activity re-
corded after stimulation includes a series of five to seven vertex-
positive waves, each of which is considered to correspond to a
specific site in the auditory pathway. Although the localization is
not fully clear, it is believed that waves L, IL, III, IV, and V corre-
late with the activity of the auditory nerve, cochlear nucleus, su-
perior olivary complex, lateral lemniscus, and inferior colliculus,
respectively [7,17,18]. DM has been shown to affect the micro-
vasculature of the cochlea, and the resultant ischemia causes
morphological changes in the stria vascularis, sensory cells, and
spiral ganglion [6,19]. The spiral ganglion is a group of neurons
in the modiolus, the dendrites of which primarily synapse with
inner hair cells and to a lesser extent with outer hair cells. Ax-
ons of ganglionic cells comprise the auditory nerve [2]. We used
stereology for an exact evaluation of spiral ganglion structure. In
this method, a three-dimensional reconstruction of tissues was
evaluated and interpreted quantitatively with minimal bias. Us-
ing the stereological technique, the volume and number of neu-
ral cells in the spiral ganglion were assessed in diabetic rats and
after treatment with rutin.

Superoxide dismutase (SOD) is a group of enzymes that cata-
lyze the transformation of superoxide radicals into oxygen and
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= Rutin has significant therapeutic effects on auditory neuropa-
thy.

= ABR recordings were improved following rutin therapy in dia-
betic rats.

= Stereologic studies showed improvement in number and vol-
ume of spiral ganglions after rutin treatment.

hydrogen peroxide (H202) [20]. These enzymes exert antioxi-
dant activity that plays an important role in controlling oxida-
tive stress. In some studies, SOD has been measured as a bio-
marker to evaluate neural damage in neuropathy [21]. Malondi-
aldehyde (MDA; CsH40) is a product of lipid peroxidation of
polyunsaturated fatty acids. It has been used as a biomarker to
measure levels of oxidative stress in many experimental and
clinical studies [22,23]. In our study, we used ABR as a tool for
functional evaluation, the stereological technique to evaluate
the volume and number of neurons in the spiral ganglion, and
MDA and SOD as biomarkers to evaluate the efficacy of rutin
on diabetic auditory neuropathy.

MATERIALS AND METHODS

Animal preparation

Forty Sprague-Dawley male rats (250-300 g) were used in this
study. The rats were housed individually in animal laboratory
under controlled conditions of temperature (24°C+2°C), hu-
midity, 12 hours light/dark cycle per day, free access to food and
water. Rats were divided randomly into five groups (n=8 per
group) as follows: nondiabetic rats with distilled water (normal),
diabetic rats with distilled water without rutin treatment (DM),
diabetic rats with rutin (50 mg/kg/day) treated (DM+R50), dia-
betic rats with rutin (100 mg/kg/day) treated (DM+R100), and
diabetic rats with rutin (150 mg/kg/day) treated (DM+R150).
Diabetes was induced by a single intraperitoneal injection of
streptozotocin (STZ; 60 mg/kg, Sigma-Aldrich, St. Louis, MO,
USA) dissolved in cold citrate buffer. The fasting blood sugar
was tested 3 days after STZ injection and rats with blood sugar
greater than 300 mg/dL were considered as diabetic [24].

Rutin (Sigma-Aldrich) powder was dissolved in distilled water
and administered after confirmed diabetes (3 days after STZ in-
jection), using the above mentioned doses through daily gastric
gavage for 8 weeks. After 8 weeks of treatment, rats were pre-
pared for auditory function testing by ABR and histological stud-
ies. The study protocols were approved by the local Ethics Com-
mittee of Shiraz University of Medical Sciences (No. IR.SUMS.
REC.1397.459).

ABR recording

Anesthesia was done with Xylazine (10 mg/kg) and Ketamine
(75-100 mg/kg) via intraperitoneal injection [25]. To prevent
hypothermia, we used heat lamp and thermal blanket. In the
ABR recording, active electrode (+) (ECG Ambu Blue Sensor,
Penang, Malaysia) was attached to the forehead and the refer-
ence electrode (-) to the post auricular area of right and left
ears. Ground electrode was attached to the dorsal neck area.
Evoked potentials were obtained by intra acoustic EP25 (Co-
penhagen, Denmark) system with otoaccess software (Middel-
fart, Denmark) after delivering clicks to the right ear via insert-
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ed earphones. At least 700 stimuli at a rate of 11.1 Hz were de-
livered to right ear. Electrode impedance was below 3 KQ. ABR
recordings were obtained with band pass filter of 100-3,000 Hz
and time window of 10 ms [26]. Evoked potentials were evalu-
ated according to the following parameters: auditory threshold,
the absolute latencies of wave’s Il and V and wave morphology.
Auditory threshold was determined in 5 dB steps decreasing
from maximum stimulus of 70 dB until wave forms lost their
morphology.

Tissue preparation & stereological studies

After dissecting and separating the temporal bone from its
neighboring skull bones carefully, it was decalcified with 8%
HCL and 8% formic acid for 72 hours [27]. All temporal bones

were processed and embedded in paraffin, so that the external
acoustic meatus was placed on the floor of the block. The blocks
were serially sectioned (25-pm thickness) together with the ex-
ternal acoustic meatus axis using a microtome (Microm, Wall-
dorf, Germany). The serial sections of cochlea were selected and
separated from the beginning to the end. The mean of 34 sec-
tions per animal in cochlear slides were obtained and stained
with Hematoxylin and Eosin. Then, 8-12 sections were chosen
out of the total sections of cochlea in a systematic uniform ran-
dom method. Stereological methods were used to estimate the
volume of the spiral ganglion and the number of neurons in that
ganglion. The study was performed by an examiner (SKD) who
was blind to the allocation groups.

Fig. 1. Use of the stereological technique to estimate the spiral ganglion (SG) volume and cell number. H&E stain. (A) The location of the SG of
the cochlea shown on a histological section. (B) The volume of the SG was estimated using Cavalieri's method and the point-counting method.
(C, D) The cell number of the SG was evaluated by using the optical disector method. The SG cells’ nuclei were documented as they came
into focus throughout scanning by varying the altitude of the disector (arrows).
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Estimation of the spiral ganglion volume

The live image of each cochlea section was assessed by a micro-
scope linked to a computer. In each section cochlea, boundaries
and the borders between spiral ganglion regions were recog-
nized. The total volume of spiral ganglion was assessed on 8-12
sections per animal at the final magnification of 83 with the
“Cavalieri’s principle based on point count method” [28-30] by
the stereology software (StereoLite, SUMS, Shiraz, Iran). The
stereological probe (a grid of points) was superimposed over im-
ages cochlea. Thus, the areas sections of } A (spiral ganglion)
were multiplied by the sampled sections thickness (T). The area
was assessed by the stereology software, and the volume of spi-
ral ganglion was assessed by the following formula:

V="T. a/p. 3P

, where V is the volume of spiral ganglion; T is distance between
the two selected sections; a/p is area per point; and Y P is total
points hitting spiral ganglion.

The a/p was 9,289.1 ym?* and on average 165 points were
counted per animal.

Estimating the number of neurons in the spiral ganglion

The cell bodies of the bipolar neurons of the spiral ganglion
were observed in the modiolus of ear, the lemon-like shaped
central axis in the cochlea [28]. The number of neurons in each
unit volume of the cochlea was estimated by the “optical disec-
tor” technique [30-32].

The location of the microscopic fields was selected by moving
the stage in X- and Y-directions at equal distances according to
systematic uniform random sampling. Objective lens (40X, nu-
merical aperture 1.30) was used by oil immersion. An unbiased
counting frame consisting of two exclusion lines and two inclu-
sion lines was superimposed on the sections of the cochlea. The
focal plane of microscope was moved down in z direction. A mi-
crocator (MT 12; Heidenhain, Traunreut, Germany) was con-
tacted to the microscope to determine the z-axis movement. The
guard regions were applied to avoid cutting artifacts that oc-
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Fig. 2. Auditory brain stem response (ABR) recordings in normal, diabetic, and rutin-treated mice. ABR recordings in the (A) normal, (B) DM,
(C) DM+R50, (D) DM+R100, and (E) DM+R150 groups. DM, diabetes mellitus; R50, 50 mg/kg of rutin; R100, 100 mg/kg of rutin; R150, 150
mg/kg of rutin.
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curred on the upper and lower surfaces of the histological sec-
tions. Each nucleolus cell appears in focus inside the upper (the
first 5 pm) or lower guard regions were ignored. The “height of
disector” was the interval between the guard regions which was
15 pm here. Any nucleolus cell coming into the focus within the
subsequent focal sampling plane was chosen if it was placed to-
tally or partly within the counting frame and did not contact the
exclusion lines [30-32].

The numerical density of neurons (Nv) was estimated using
the following formula:

Nv=[SQ/[3Pxa(f) <h]]x[t/BA]

Where 3Q was the number of the neuron cell nucleoli coming
into focus; Y P was the sum of the unbiased counting frame in all
fields; and h was the height of disector (15 pm); a (f) the count-
ing frame area was 1,082.41 (32.9xX32.9 um?); t was the real
average section thickness measured by the microcator; and BA
was the block advance of the microtome set at 25 um. On the
average, 100-150 neuron cells were counted in 23-45 disectors
in 8-12 sections per spiral ganglion. The total number of the spi-
ral ganglion neuron was estimated by multiplying the numerical
density (Nv) by theV (spiral ganglion). Nrw=NvXV (Fig. 1).

Biochemical assays

SOD measurement in plasma was done after 8 weeks in all nor-
mal and case groups, using SOD enzyme-linked immunosor-
bent assay kit (Cayman, Ann Arbor, MI, USA). MDA assay in
plasma was done by reaction with thiobarbituric acid (TBA) and
quantification of their combination (MDA-TBA) colorimetrically
(532 nm).

Statistical analysis
All parametric data in our study were expressed as mean for
stereological results and mean +standard error of the mean for
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other results. For statistical analysis, Kruskal-Wallis test for non-
parametric data such as different forms of wave V and analysis
of variance for parametric data such as latency of wave II, hear-
ing threshold, volume of spiral ganglion, number of spiral gan-
glion neurons, superoxidase dismutase and MDA were applied.
GraphPad Prism 6 software (GraphPad Software Inc., San Di-
ego, CA, USA) was used to compare data. Dunn and Tukey tests
were applied for comparisons between groups. The values of
P<0.05 were considered as statistically significant.

RESULTS

The effects of rutin on ABR

DM caused significant effect on ABR wave forms, the latency of
wave I, the presence of waveV, and the hearing threshold (Fig. 2).
The latency of wave II is shown in Fig. 3A. All rutin-treated groups
showed improvements (decreases) in wave II latency. In the groups
that received 100 and 150 mg/kg of rutin, the improvement was
statistically significant (P<0.01 and P<0.0001, respectively). The
hearing threshold was increased in diabetic rats, but returned to
normal limits after rutin treatment (P<0.05 and P<0.001) (Fig.
3B). DM also had negative effect on the presence of wave V in
ABR recordings. Rutin treatment, especially at a dose of 150
mg/kg, led to a significant improvement in the presence of wave
V (P<0.05) (Table 1).

Histological studies

Volume of spiral ganglion evaluation

A significant reduction (52.39%) was found in the total volume
of the spiral ganglion in the rats with DM compared to the nor
mal animals (P<0.001) (Fig. 4A).The total volume of spiral gan-
glion of the groups of DM+R50, DM+R100, and DM+R150 was
larger by 27.44%, 36.11%, and 44.21%, respectively, than that
of the DM animals (P<0.05) (Fig. 4A).
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Fig. 3. (A) Latency of wave Il in normal, diabetes mellitus (DM), and rutin-treated groups. (B) Hearing threshold in the normal, DM, and rutin-
treated groups. All comparisons are with the DM group. R50, 50 mg/kg of rutin; R100, 100 mg/kg of rutin; R150, 150 mg/kg of rutin.
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Spiral ganglion neuron count

The number of spiral ganglion neurons was 52.90% lower in the
DM group than in the normal rats (P<0.001) (Fig. 4B). The total
number of spiral ganglion neurons was 29.38%, 39.29%, and
53.68% higher in the DM rats that had received 50, 100, and

Table 1. Different forms of wave V in the normal, DM, and rutin-treat-
ed groups

Group Normal V Delay V Absent V Povalue
wave (%) wave (%) wave (%)

Normal 100 0 0 <0.0001

DM 0 0 100 -

DM+R50 25 125 62.5 0.99

DM+R100 125 50 37.5 0.701

DM+R150 25 75 0 0.026

All comparisons are with the DM group.
DM, diabetes mellitus; R50, 50 mg/kg of rutin; R100, 100 mg/kg of rutin;
R150, 150 mg/kg of rutin.

150 mg/kg of rutin, respectively, than in the DM group (P<0.05)
(Fig. 4B).

Biochemical assays

Rutin improved oxidative stress markers in plasma. Our results
also indicated that rutin treatment restored the antioxidant ac-
tivity of SOD (P<0.05) (Fig. 5A) and significantly reduced plas-
ma levels of MDA, an oxidative marker (P<0.05 and P<0.001,
respectively) (Fig. 5B).

DISCUSSION

Our results indicate that rutin had a significant therapeutic effect
on diabetic auditory neuropathy in rats. Rutin is under investi-
gation as a drug with antioxidant activity that might be able to
prevent and treat diabetic neuropathy. In our study, rutin was
significantly effective at therapeutic doses of 100 mg/kg and
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Fig. 4. Aligned dot plots of the volumes of the spinal ganglion (A) and the number of spiral ganglion neurons (B) in the normal, DM, DM+R50,
DM+R100, and DM+RF150 groups. Each dot indicates an animal and the horizontal bar is the mean of the corresponding parameter. Significant
differences and P-values have been indicated on each plot. All comparisons are with the DM group. DM, diabetes mellitus; R50, 50 mg/kg of
rutin; R100, 100 mg/kg of rutin; R150, 150 mg/kg of rutin.
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Fig. 5. Plasma concentration of superoxide dismutase (SOD; an antioxidant marker, A) and malondialdehyde (MDA, an oxidative marker, B) in
the normal, diabetes mellitus, and rutin-treated groups. All comparisons are with the DM group. DM, diabetes mellitus; R50, 50 mg/kg of rutin;
R100, 100 mg/kg of rutin; R150, 150 mg/kg of rutin.
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150 mg/kg. At a dose of 50 mg/kg, we observed improvement of
auditory neuropathy, but not to a statistically significant extent
for ABR recordings.

In our study, the effect of rutin on diabetic auditory neuropa-
thy was evaluated by ABR recordings, spiral ganglion stereology,
and measurements of SOD and MDA in plasma. These evalua-
tion tools, especially the ABR recordings and stereological stud-
ies, provided more accurate and integrative information about
diabetic auditory dysfunction and morphological changes than
has been reported in previous studies of diabetic neuropathy
and its treatment. ABR is a valuable tool for evaluating auditory
neural function. It has been used to assess the induction and
treatment of auditory neuropathy in many experimental studies.
There are some differences between human and rats in ABR pa-
rameters and morphology that we considered in our study. Many
authors have stated that wave II is the most prominent in rats,
whereas wave V is most prominent in humans. We evaluated pa-
rameters such as latency and threshold for waves I and V. It seems
that wave II is generated in the cochlear nucleus complex in rats.
This wave involves more electrical activity and may be analo-
gous to wave III in humans. We found that DM caused elevation
of the ABR threshold (40+5 dB SPL). Other clinical and experi-
mental studies have also shown similar effects of diabetes on the
hearing threshold. Increased hearing threshold and latency, with
changes in wave forms, have been detected in patients with dia-
betes during ABR recordings [7,33,34]. An experimental study
showed that the hearing threshold was elevated 5 weeks after
diabetes induction in mice. Increased latency, especially of waves
I and IV, was another notable finding in the ABR recordings in
that study [35]. ABR changes in diabetic mice were detected at
2-10 weeks following STZ injection. Elevated auditory thresh-
olds and delays in wave formation (waves I, II, I, and IV) were
the main features of ABR changes in an animal study [7]. In hu-
mans, an elevated auditory threshold and high-frequency hear-
ing loss were detected in patients with diabetic nephropathy.
However, no significant correlation between the duration of dia-
betes and degree of hearing loss was found [36].

After 8 weeks of rutin treatment (at 150 mg/kg/day), the ABR
threshold measurement showed almost normal values (205 dB
SPL). DM significantly increased wave II latency (2.6£0.1 ms).
Rutin treatment, especially at a dose of 150 mg/kg, prevented
this delay, yielding values that were close to normal (1.9+0.1 ms).
For wave V, we merely focused on its presence, since the varia-
tions in other studies led us to conclude that latency or ampli-
tude measurements of wave V might not be accurate. Our study
showed significant improvements in wave V in rutin-treated dia-
betic rats.

In a previous study, rutin successfully prevented sciatic neurop-
athy in diabetic rats [16]. We observed that a dose of 150 mg/kg
was more effective than a dose of 100 mg/kg, which is line with
other findings stating that the response to rutin is dose-dependent
[16,37]. In diabetic rats, rutin has shown significant results in terms

of controlling hyperglycemia, hyperlipidemia, liver glycogen con-
tent, and oxidative stress [38]. Rutin is believed to increase con-
duction velocity in sensory and motor nerves. This effect was
shown in a rat experimental study with a dose of 50 mg/kg. A
slight response was demonstrated at lower doses of 5 mg/kg and
25 mg/kg [39]. These findings also reinforce the dose-dependent
responses of rutin that we also observed in our study. At a high-
er dose (200 mg/kg), rutin was able to regenerate the myelin
sheath in damaged sciatic nerves in a diabetic rat model [15].

The quantitative analysis of histology in the stereological meth-
od that we used enabled a more reliable assessment of structural
changes following treatment. The stereological evaluation in our
study showed significant decreases in the total volume and num-
ber of neurons in the spiral ganglia of diabetic rats. Other stud-
ies have likewise shown structural changes in the spiral ganglion
in DM, but a notable aspect of our study is that we used the ste-
reological method, which is considered to be more accurate for
detecting cell loss. We found that rutin significantly prevented
the decrease of volume and neuronal loss in the spiral ganglion.
This finding highlights the antioxidant and neuroprotective func-
tions of rutin. Similar to ABR recordings, the stereological exam-
ination showed better responses to rutin at a dose of 150 mg/kg
than at doses of 100 mg/kg and 50 mg/kg, again reflecting the
dose-dependent action of this drug.

Lee et al. [40] performed a similar study in diabetic mice, in
which they investigated spiral ganglion morphology. They used
ABR recordings to detect neural dysfunction and scanning elec-
tron microscopy for histological examinations, and concluded
that DM causes early degeneration of spiral ganglion cells. Some
studies have reported morphological changes in diabetic audito-
ry neuropathy. These changes consist of thickening of the basilar
membrane in the stria vascularis, atrophy of the stria vascularis,
outer and inner hair cell loss, and loss of neurons in the spiral
ganglion [6].

We used SOD measurements as a tool to evaluate the effects
of rutin on auditory neuropathy in diabetic rats. The restoration
of SOD levels after neuropathy treatment has been investigated
in many studies [15,16,18]. Our results also indicate that rutin
ameliorates auditory neuropathy by normalizing SOD. Since the
effects of rutin are dose-dependent, SOD levels returned to values
closer to normal in the 150 mg/kg group than in the 100 mg/kg
group. The reduction of MDA levels by rutin treatment furnishes
evidence in support of this novel treatment for diabetic auditory
neuropathy. MDA levels have been evaluated as an oxidative
marker in some experimental and clinical trials of antioxidant
agents, with relatively successful results [15,16,18].

The treatment and control of diabetic auditory neuropathy
have a major effect on patients’ quality of life. For this purpose,
several drugs have been investigated. This study revealed that
rutin was effective in preventing auditory diabetic neuropathy in
a murine model. However, further clinical trials are warranted
to evaluate the efficacy of this drug in humans.
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