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Apilarnil: A Novel Neuroprotective Candidate

Mehmet HAMAMCI', Zuleyha DOGANYIGIT?, Sibel SILICI’, Asli OKAN?, Emin KAYMAK?,
Seher YILMAZ®, Adem TOKPINAR®, Levent Ertugrul INAN'

Abstract

Purpose: This study was designed to investigate the effect of apilarnil on neuronal damage and related

mechanisms in a sepsis model in order to demonstrate whether or not apilarnil has neuroprotective
effect.

Methods: In this study, 64 adult male Sprague-Dawley species rats were randomly divided into eight

groups. The rats were administered apilarnil and/or lipopolysaccharide (LPS). Superoxide dismutase
(SOD), catalase (CAT), malondialdehyde (MDA), xanthine oxidase (XOD) and testican-1 levels
were measured in the brain tissue. Proinflammatory cytokines (tumor necrosis factor alpha [TNF-a],
interleukin 1 beta [IL-1f], interleukin 6 [IL-6]) were measured in brain tissue. Histological
examinations were performed on hippocampus and cortex tissues in all groups. Apoptotic cell count
was estimated using the Tunel method to observe the apilarnil’s effect on apoptosis. Purkinje cells
were counted in the hippocampus to measure the protective effect of apilarnil on the hippocampus.

Results: Apilarnil reduced the decrease in SOD and CAT levels in the brain developing sepsis. Apilarnil

reduced the increase in MDA, XOD, and testican-1 levels in the septic brain. It was observed that the
number of degenerated neurons due to sepsis decreased as apilarnil dose increased. Apilarnil reduced
the elevated levels of proinflammatory cytokines (IL-6, TNF-a, IL-1f) induced by sepsis. Apilarnil
prevented sepsis-related apoptosis in the brain.

Conclusion: The neuroprotective potential of apilarnil against brain damage in the sepsis model was

demonstrated and suggested that it has the potential to contribute to new therapeutic targets against

various neurological disorders.
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1. INTRODUCTION

Neuroinflammation plays a critical role in the

pathology of neurocognitive disorders such as Parkinson’s
disease, Alzheimer’s disease, and cognitive dysfunction
induced by sepsis ™. Lipopolysaccharides (LPS) are one
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of the strongest activators of proinflammatory cytokines
in lab animals and humans “”. Studies have shown that
LPS administration causes memory impairment”, chronic
inflammation, and advanced neurodegeneration”.

LPS is an integral component of the external
membrane of gram-negative bacteria and plays an
important role in the pathogenesis of septic shock ™.
Sepsis causes dysfunction in multpile organs, especially
the brain, which is one of the first organs to be affected
@19 Sepsis may cause acute and chronic changes in
the central nervous system, particularly the blood-brain
barrier, with mechanisms that are largely not understood
@IV Sepsis-associated encephalopathy (SAE) is a serious
complication that can cause death and severe disabilities
(? Developments in medical treatment of sepsis has
increased survival rates, and subsequently, the number
of critical patients with cognitive, functional, and mental
impairments ‘. Despite the high mortality rate of SAE,
there is no treatment to reduce or minimize brain damage
in sepsis patients, and clinical treatment is limited to the
underlying infection ¥, The most common form of acute
brain dysfunction is delirium, which occurs in 80% of
sepsis patients . In addition, incidence of long-term
cognitive impairment in sepsis patients is 46-70% in the
first year and 25% in the first six years following discharge
(16,17)

Microglia are immune system cells located in
the brain which play an important role in various
neurodegenerative diseases. Microglia also have protective
and neuroprotective properties against inflammation in the

. 18
brain '®

. Microglia can be activated with the activating
effect of proinflammatory factors (tumor necrosis factor
alpha [TNF-a], interleukin 1 beta [IL-1f], interleukin 6
[TL-6]) . Excessive microglia activity and high levels of
pro-inflammatory factors cause brain damage. Therefore,
inhibition of excessive microglial proinflammatory
response can treat neurodegenerative diseases such as
Parkinson’s and Alzheimer’s disease "**”.

Nowadays, people have a multi-faceted approach to
nutritional activity and alter their eating habits in order
to prevent and/or treat certain diseases. With the increase
in the elderly population, the significance of long-term
preservation of brain functions has increased and there is
a consensus that protective measures must be discovered

as soon as possible. Bee products such as honey, propolis,

royal jelly, beebread, and pollen have been known and
utilized by humans for thousands of years *”. Evidence of
the use of bee products by humans as food as well as for
medicinal properties has been discovered in Sumerian clay
tablets “". The anti-inflammatory and antiseptic properties
of bee products is widely known *'**. Honey has been
used in folk medicine to treat infections and colds *'**.
Apilarnil is the 3-7-day larva period of male bee brood. It
has high biological activity due to the sum of nutritional
compounds found in both egg and larvae bodies *'*”.

LPS exposure has an inhibiting effect on
steroidogenesis **. Proinflammatory cytokines such as
TNF-a and IL-1 have been shown to inhibit gonadal
functions especially in steroidogenesis of Leydig cells
329 Research on the histological and biochemical effects
of apilarnil are in their initial stages; Bolatovna et al.
demonstrated that parenteral apilarnil injection improved
qualitative and quantitative production of semen in young
pigs. However, no experimental study examining the effect
on the brain has been encountered.

This study aims to investigate related mechanisms

involved in the neuroprotective effect of apilarnil.

2. METHODS

2.1. Animals

This study obtained ethics approval from the
University Animal Experiments Local Ethics Committee
(Ethics committee approval No: 18/0063). The rats housed
in the Experimental and Clinical Research Center of the
University were kept in cages were provided with water
and nutrient requirements at normal temperature of 24+
2°C and 12 hours of light/dark environment.

2.2. Experiment Protocol

Lipopolysaccharide was provided by Sigma
Aldrich (Escherichia coli LPS, serotype 0127: B8) and
Lyophilized Apilarnil was provided by Nutral Therapy
Co Ltd (Erciyes University Technopark, Kayseri). The
energy content of apilarnil is 472+2.3 kcal/100g. Apilarnil
(100g) contains 4.43g moisture, 4.07g ash, 48.75¢g
protein, 21.62g carbohydrate, and 21.12g lipids. Apilarnil
contains 16 different amino acids. Of the essential
amino acids, only tryptophan has not been found. Of the
amino acids identified in apilarnil, the amino acid of the
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highest amount was lysine (7198mg/100g) and the lowest

amount was methionine (500 mg/100g). Total phenolic

content of apilarnil was 834.05 mg gallic acid equivalents

(GAE)/100g and antioxidant activity was 90.91 mg

ascorbic acid equivalents (AAE)/g. Antiradical activity

inhibition level of apilarnil was found to be 81.61% (27).

For the study, 64 Sprague-Dawley species (200-250 gr)

male rats were randomly divided into eight equal groups.

The doses for LPS and apilarnil were adjusted for the

weights of each animal.

Group 1: (control group): only administered Iml
intraperitoneal (i.p.) physiological saline solution
(SF) (0.9% NaCl sol.) (n: 8)

Group 2: administered 30 mg/kg/body weight (bw) by 1
ml i.p. LPS (n:8)

Group 3: administered 0.2 g/kg/bw apilarnil by 1 ml oral
gavage (daily for 10 days) (n: 8)

Group 4: administered 0.4 g/kg/bw apilarnil by 1 ml oral
gavage (daily for 10 days) (n: 8)

Group 5: administered 0.8 g/kg/bw apilarnil by 1 ml oral
gavage (daily for 10 days) (n: 8)

Group 6: administered 0.2 g/kg/bw apilarnil by 1 ml oral
gavage and 60 min. later LPS (single-dose i.p.,
30mg / kg/bw) (n: 8)

Group 7: administered 0.4 g/kg/bw apilarnil by 1 ml oral
gavage and 60 min. later LPS (single-dose i.p.,
30mg / kg/bw) (n: 8)

Group 8: administered 0.8 g/kg/bw apilarnil by 1 ml oral
gavage and 60 min. later LPS (single-dose i.p.,
30mg / kg/bw) (n: 8)

2.3. Biochemical analyses

Tissue samples taken from rats were used for
biochemical analysis. Superoxide dismutase (SOD),
catalase (CAT), malondialdehyde (MDA) and xanthine
oxidase (XOD) and testican-1 (TCN1) levels were
assessed in brain tissue. Rat SOD (Cat. No: 201-11-0169,
Sunred Bio), Rat CAT (Cat. No: 201-11-5106, Sunred
Bio), Rat MDA (Cat. No: 201-11-0157, Sunred Bio),
Rat XOD (Cat. No: 201-11-5140, Sunred Bio), and Rat
testican-1 (Cat. No: 201-11-3210, Sunred Bio) levels were
measured using protocol instructed in the manufacturer
kits. Concentrations were measured with ELISA reader at
450 nm. Results were expressed as ng/ml for SOD, CAT,
XOD, and TCN1 and as nmol/ml for MDA..
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2 4. Histological Analysis

Brain tissue samples were fixed with 10%
formaldehyde solution for histological examinations.
After fixation, routine tissue processing steps were applied
and the tissues were embedded in paraffin. Sections of
5-6 um from paraffin blocks were examined under an
Olympus BX53 microscope and stained with hematoxylin-
eosin (H&E) in order to observe the general histological
structure and imaged with DP25 model digital camera.
TNF-a, IL-6 and interleukin 1 beta (IL-1p) levels were
evaluated with immunohistochemical staining in order to
assess the anti-inflammatory activity between the groups.

2.5. Immunohistochemical Analysis
Avidin-biotin-peroxidase method was used for labeling
in order to determine the differences in TNF-a, IL-6 and
IL-1f expressions in brain tissue, For this purpose, 5-6 um
sections were kept at 60°C overnight, then rehydrated first
by xylene and then by graded alcohol series, washed with
phosphate buffer (PBS) three times for five minutes each,
and boiled with 5% citrate buffer in a microwave at 600W
3x5 times for antigen recovery. After resting in the buffer
solution for 20 minutes at room temperature, sections
were rewashed with PBS and treated with 3% hydrogen
peroxide (H,0,) for 5 minutes to prevent endogenous
peroxidase activity. ABC staining kit was used for the next
steps. Sections that were rewashed with PBS were treated
with blocking serum at room temperature for 20 minutes
to ensure that areas outside the antigenic sites were closed.
Immediately after, the primary antibody (separate for
TNF-a, IL-6, and IL-1P) was instilled into the sections
and left overnight at +4°C and incubated for 20 minutes
the following day. PBS was used instead of primary
antibody for negative control. After the washing process,
the sections were incubated with biotinylated secondary
antibody for 30 minutes and washing was repeated.
The sections were then treated with Avidin-Biotin (AB)
enzyme reagent for 30 minutes and washed and treated
with diaminobenzidine (DAB) based peroxidase substrate
for five minutes to make immunoreactivity visible, then
washed with deionized H,O for five minutes. The sections
stained with Gill’s hematoxylin were washed several
times with deionized H,O. As the final step, water was
removed with increased series of alcohol and the sections
were passed through xylene and closed with entellan.
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The images were observed under an Olympus BX53 light
microscope and the images were obtained with the DP25
digital camera and evaluated using image j software in
terms of differences in expression.

2.6. TUNEL Method

Apoptotic cells were identified in sections obtained
from the subjects using the Roche brand In Situ Cell
Detection Apoptosis Fluorescein Kit. The staining process
was performed according to the kit’s protocol. Brain tissue
sections taken at Spum thickness were deparaffinized and
then rehydrated and washed with PBS for 5 minutes twice.
They were then incubated in 0.01 M 5% sodium citrate
buffer at 350 W in a microwave oven for five minutes
for antigen recovery, then allowed to cool for 10 minutes
at room temperature. The tissues that were washed with
PBS for five minutes twice were then placed in a humidity
chamber at 37°C with TUNEL reaction mixture from the
kit and incubated in the oven for 60 minutes. The tissues
washed with PBS for 5 minutes twice were counterstained
with 4',6-diamidino-2-phenylindole (DAPI). Tissues
covered with glycerol solution were viewed under an
Olympus BX-51 fluorescence microscope at a wavelength
of 450-500 nm. For apoptotic index, apoptotic cells
of a total of 50 different regions were counted at 20X
objective.

2.7. Pyramidal cell count in the hippocampus

In order to estimate the number of pyramidal cells in
the hippocampus CA region, the optical disector method
@529 was used in the calculations, sections were selected
according to random systematic sampling.

Stereology workstation (Kayseri, Turkey) was used for
stereological analyses, consisting of a CCD digital camera,
an image capture card, a personal computer, a computer-
controlled motorized specimen stage (Prior Scientific,
Cambridge, UK), a microcator (Heidenhein Traunreut,
Germany), and a light microscope (Leica, Nubloch,
Germany). The software program Macrobrightfield was
used to measure and record stereological data and capture
digital images of the sections. Microscopy images [100x
Leica HCX Plan Apo objective] were generated by the
software and displayed on a computer monitor to count the
number of pyramidal cells in the hippocampal CA regions.
The total number of pyramidal cells was calculated

according to the pyramidal cell count and sampling
probability.

The total number of pyramidal neurons (N) in the
CA region of the hippocampus was calculated using the
following formula:

1 1
ssfasf tsf

(N: total number of neurons, 2Q: total disector neuron

N=2Q-

number, ssf: section sampling fraction, asf: area sampling
fraction, tsf: thickness sampling fraction)

In order to obtained unbiased results of hippocampal
cell counts, the analysis was performed by blinded
researchers.

2.8. Statistical Analysis

SPSS 22.0 package program was used for statistical
analysis. Results were expressed as mean and standard
deviation. One-way ANOVA test was used for comparison
between groups with normal distribution. Post-Hoc
Tukey test was used for paired comparisons with normal
distribution. Kruskal Wallis test was used for comparison
of values without normal distribution. Mann-Whitney-U
non-parametric test was used for paired comparisons of
values with normal distribution. P <0.05 was considered
statistically significant.

3. RESULTS

3.1. Biochemical Results

There was no significant difference between the
control group and the groups that were only administered
apilarnil (Groups 3, 4, and 5) according to SOD, CAT,
MDA, XOD, and TCN-1 levels. When the biochemical
results of the brain were examined, there was a significant
decrease in SOD and CAT levels in the LPS group
compared to the control group. SOD and CAT levels in
the LPS+0.8 g/kg apilarnil group were significantly higher
compared to the LPS group. MDA, XOD, and testican-1
levels increased significantly in the LPS group compared
to the control group. MDA, XOD, and testican-1 levels
in LPS+0.8 g/kg apilarnil group were significantly lower
compared to the LPS group (Table 1).
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Table 1: Biochemical results of the groups

LPS+0.2 g/kg LPS+0.4 g/kg LPS+0.8 g/kg
Apilarnil Apilarnil Apilarnil

0.8 g/kg
Apilarnil

19.82 +2.64*°
76.52 +531°

0.2 g/k 04 g/k
LPS e o
Apilarnil Apilarnil

Control

Groups

0.014

21.32 £3.03"" 22.92 +2 85"

20.45 +2.50~°

21.19 £2.65*° 22.66 2 .90°

17.58 +0.97°
65.45 £2.16"

2395 +1.21°

SOD

0.016

70.58 £5.53"" 75.18 £7.77°

73.25 +6.08""

7448 +1.18"°

73.19 £3.52%°

78.58 £5.48"

CAT

0.001

16.94 +1.29*"
19.24 +1.27° 1641 089> 1779 +1.19*® 164 5+1.15>°  18.12 +1.73*° . 15.88 +1.34"¢

14.68 +£1.14°

XOD

0.038

26.49+2.66° 15.98 £2.52° 15.26 £5.43" 18.42 649" 20.94 +4.93"" 20.49 +9.01*° 17.07 £2.48"

16.15£2.19*

201 +0.63"
SOD: Superoxide dismutase, CAT: catalase, XOD: xanthine oxidase, MDA: malondialdehyde, Data is expressed as + standard deviation.

P <0.05 was considered significant.

MDA

0.010

291 +0.45° 291 £0.58"" 2.65 £0.46"" 2.62 +0.87"" 2.66 £0.60" 2.82 +0.67°

3.56 031"

Testican-1

There was no significant difference between the groups containing the same letter (a, b, and c).
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3.2. Histological Results

There was no significant difference between the
control group and the groups that were only administered
apilarnil (Groups 3, 4, and 5) according to pathological
changes in the cortex and hippocampus in histologic
examination. Enlarged blood vessels and some neurons
degeneration were observed in the brain cortex in the LPS
group. The number of degenerated neurons observed in
the brain cortex of the LPS group decreased as apilarnil
dose increased (Figure 1A). Dilated blood vessels
and degeneration of some neurons were observed in
the hippocampus of the LPS group. In the groups that
were administered LPS and apilarnil together, observed
pathology decreased as apilarnil dose increased (Figure 1
B).

3.3. Immunohistochemical Results

The control group and the groups that were only
administered apilarnil (Groups 3, 4, and 5) had similar
TNF-a, IL-6, and IL-1p levels. TNF-o. expression in the
cortex was significantly increased in the LPS and LPS+0.2
g/kg apilarnil groups compared to the control group.
Increased TNF-a expression was significantly lower in
the LPS+0.4 g/kg and LPS+0.8 g/kg apilarnil groups.
TNF- a expression in the hippocampus was significantly
increased in LPS, LPS+0.2 g/kg and LPS+0.4 g/kg
apilarnil groups. Increased TNF- a expression was found
to be significantly reduced in the LPS+0.8 g/kg apilarnil
group. IL-6 expression in the cortex was significantly
higher in the LPS, LPS+0.2 g/kg, LPS+0.4 g/kg and
LPS+0.8 g/kg apilarnil groups compared to the control
group. IL-6 expression in the cortex was suppressed in
groups in which LPS and apilarnil were administered
together. IL-6 expression in the hippocampus was
significantly increased in LPS, LPS+0.2 g/kg and LPS+0.4
g/kg apilarnil groups compared to the control group. IL-6
expression in the hippocampus was suppressed in groups
in which LPS and apilarnil were administered together.
IL-1p expression in the cortex was significantly higher
in the LPS, LPS+ 0.2 g/kg, and LPS+0.4 g/kg apilarnil
groups compared to the control group. IL-1f expression
in the cortex was suppressed in groups in which LPS and
apilarnil were administered together. IL-1f3 expression in
the hippocampus was significantly increased in LPS, LPS
+0.2 g/kg and LPS+0.4 g/kg apilarnil groups compared to
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Figure 1.

A. Hematoxylin eosin cross-sectional images belonging to the rat brain cortex. Dilated blood vessels (asterisks) and degenerate neurons

(arrows) with cavities are observed in the brain cortex of the LPS group.

B. Hematoxylin eosin cross-sectional images belonging to the rat hippocampus. Dilated blood vessels (asterisks) and degenerate neurons

(arrows) with cavities are observed in the hippocampus of the LPS group.
(Control (A and E), 0.2 g/kg apilarnil (B and F), 0.4 g/kg apilarnil (C and G), 0.8 g/kg apilarnil (D and H), LPS (I and M), LPS + 0.2 g/
kg apilarnil (J and N), LPS + 0.4 g/kg apilarnil (K and O) and LPS + 0.8 g/kg apilarnil (L and P). A-D and I-L 20X magnification, bar =

100um. E-H and M-P 40X magnification, bar = 40um.)

the control group. IL-1 [ expression in the hippocampus
was suppressed in the LPS+0.8 g/kg apilarnil group (Figure
2).

3.4. TUNEL Results

There was no significant difference between the
control group and the groups that were only administered
apilarnil (Groups 3, 4, and 5) according to number of
apoptotic cells. According to the results of apoptosis, there
was a significant increase in the number of apoptotic cells
in the brain cortex in the LPS group compared to the control
group. Number of apoptotic cells were significantly less
in the LPS, LPS+0.2 g/kg, LPS+0.4 g/kg, and LPS+0.8 g/
kg apilarnil groups compared to the LPS group (Table 2,
Figure 3).

3.5. Hippocampal Pyramidal cell count
There was no significant difference between the

control group and the groups that were only administered
apilarnil (Groups 3, 4, and 5) according to number of
pyramidal cells. The mean number of pyramidal cells was
554.185+28.178 in the LPS group and 607.912+16.164 in
the control group, and this difference was significant (p
<0.001). The mean number of pyramidal cells in the LPS+
0.8 g/kg apilarnil group was 593.990+27.346 and was
significantly higher compared to the LPS group (p <0.008)
(Table 3, Figure 4).

4. DISCUSSION

Sepsis-associated encephalopathy (SAE) is diffuse
cerebral dysfunction thought to be caused by systemic
inflammatory response. Although the mechanism of
cerebral dysfunction is unclear, the central nervous system
has been proven to be one of the first organs to be affected
by sepsis ©'?. LPS is a strong stimulant of inflammatory

Acta Neurologica Taiwanica Vol 29 No 2 June 2020



39

Figure 2.

Fa

Immuncstining ntensites %
Immuncstaing ntensites %

2A.TNF-0 immune staining in rat brain cortices: Increased
TNF- a expression in the LPS group was significantly
reduced in the groups that were administered LPS + 0.4
g/kg/bw and LPS + 0.8 g/kg/bw apilarnil.

2B.TNF-oa immune staining in rat brain hippocampus:
Increased TNF- a expression in the LPS group
was significantly reduced in the group that was
administered LPS + 0.8 g/kg/bw apilarnil.

2C.IL-6 immune staining in rat brain cortices: Increased
IL-6 expression in the LPS group was suppressed in
the groups that were administered LPS and apilarnil
together.

Immunosiaining ntonsites %

2D.IL-6 immune staining in rat brain hippocampi:
Increased IL-6 expression in the LPS group was
suppressed in the groups that were administered LPS
and apilarnil together.

2E.IL-1f immune staining in rat brain cortices: Increased
IL-1P expression in the LPS group was suppressed in
the groups that were administered LPS and apilarnil
together.

2F. IL-1p immune staining in rat brain hippocampi:
Increased IL-1f3 expression in the LPS group was
suppressed in the groups that were administered LPS
and apilarnil together.

[A. Images of immunostaining: control (a and e), 0.2 g/

L1p s

L1p

[
|
E

agpror.

kg apilarnil (b and f), 0.4 g/kg apilarnil (c and g), 0.8 g/kg
apilarnil (d and h), LPS (i and m), LPS+0.2 g/kg apilarnil (j
and n), LPS+0.4 g/kg apilarnil (k and o) and LPS+0.8 g/kg
apilarnil (I and p) groups. a-d and I-L 20X magnification,
e-h and m-p 40X magnification. B. Histograms represent
the intensity values in percent of immunostaining obtained
using Image J software. (a0 P <0.05 different from
control group; ¢ P <0.05 difference from LPS group;
B P <0.05 difference from 0.2 g/kg apilarnil group; y P
<0.05 difference from 0.4 g/kg apilarnil group; o P <0.05
difference from 0.8 g/kg apilarnil group; W P <0.05
difference from LPS+0.2 g /kg apilarnil group; A P <0.05

cytokines and is generally used as a model to examine
sepsis, neuroinflammation, and cognitive impairment. LPS
is also known to cause brain damage as a result of neuronal
death induced by oxidative stress and inflammation ",
In this study, LPS-induced endotoxic sepsis model
was used to investigate the effect of apilarnil on responses
to inflammation and oxidative stress. Apilarnil was found

to prevent decrease in SOD and CAT levels while also

difference from LPS+0.4 g kg apilarnil group)]

preventing increase in XOD and MDA levels. The body
possesses a complex antioxidant defense mechanism based
on endogenous enzymatic and non-enzymatic antioxidants.
These molecules act collectively against free radicals to
resist the harmful effects against vital biomolecules and,
ultimately, body tissues. Antioxidants can be categorized
as primary, secondary, tertiary, and even quaternary
lines of defense according to their responses against the
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Table 2. Tunel results of the groups

LPS+ LPS+ LPS+
0.2 g/lkg 0.4 g/kg 0.8 g/lkg
Groups Control LPS o o o 0.2 g/kg 0.4 g/kg 0.8 g/kg p
Apilarnil Apilarnil Apilarnil . - . - . ;
Apilarnil Apilarnil Apilarnil
Tunel 0.08+0.34" 0.5+0.61° 0.02+0.14*  0.06:£0.23"  0.10+0.30"  0.18+0.56"  0.04+0.28"  0.06x0.23" 0.001

Data is expressed as =+ standard deviation. P <0.05 was considered statistically significant. There was no significant difference between

groups containing the same letter (a and b).

FITC DAPI

FITC+DAPI

FITC+DAPI

FITC

DAPI

Figure 3. Control group (A, B, C), 0.2 g/kg apilarnil group (D, E, F), 0.4 g/kg apilarnil group (G, H, I), 0.8 g/kg apilarnil group (J, K, L),
LPS group (M, N, O), LPS+0.2 g/kg apilarnil group (P, Q, R), LPS+0.4 g/kg apilarnil group (S, T, U), and LPS+0.8 g/kg (V, Y, Z); Tunel
positive cells in brain tissue (Cortex) are indicated with arrows. X200 magnification.

invasion of free radicals. SOD and CAT are antioxidants
that are fundamentally in the primary line of defense **.
On the other hand, XOD activity results in the formation
of superoxide anion and hydroperoxide radicals. Xanthine
oxidase may cause oxidative damage such as brain
edema, ischemia, and changes in vessel permeability, and
increased serum XOD levels have been reported in brain

tumor patients *”. In addition, one of the most commonly

used oxidative stress markers is MDA, a secondary
lipid peroxidation product that occurs after exposure to
reactive oxygen species and free radicals °**”. MDA,
which is widely used in the determination of oxidative
damage, is a general indicator of the formation of lipid
peroxidation under oxidative stress. Evaluation of the
results of this study together with the literature indicates
that apilarnil prevents oxidative damage in the brain by
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Table 3. Number of pyramidal cells in hippocampus CA region by groups

Total number of pyramidal cells

Study groups (Meanz SD) p
Control 607.912+16.164°

LPS 554.185+28.178"

0.2 gr/kg Apilarnil 603.591x14.164°

0.4 gr/kg Apilarnil 604.467+15.304° 0.001
0.8 gr/kg Apilarnil 598.771%29.113 ’
0.2 gr/kg Apilarnil + LPS 564.086+29.113"

0.4 gr/kg Apilarnil + LPS 577.907+26.408

0.8 gr/kg Apilarnil + LPS 593.990+27 346

Data is expressed as + standard deviation. P <0.05 was considered statistically significant. There was no significant difference between

groups containing the same letter (a and b).

Figure 4.

A. Appearance of hippocampus and pyramidal cells of the
control group;

B. Hippocampus and pyramidal cells in the LPS group;

C. Hippocampus and pyramidal cells in the LPS+0.8 g/kg
apilarnil group.

(CA: Cornu ammonis, GD: Gyrus dentatus, P: Pyramidal cell)

Acta Neurologica Taiwanica Vol 29 No 2 June 2020



42

producing positive effects on the responsible mechanisms
of oxidative damage.

In this study, TNF-a, IL-6 and IL-1 levels were
significantly increased in the LPS group and decreased
in groups administered apilarnil. Accumulated evidence
has shown that the release of pro-inflammatory cytokines
and inflammation of the central nervous system play an
important role in cognitive impairment ®”. In particular,
inflammatory mediators such as TNF-a, IL-1, IL-6, and
the complement system play an important role in the
pathophysiology of brain dysfunction in SAE. TNF-a
induces neutrophil infiltration of brain tissue, changes
in blood-brain barrier, neuronal cell apoptosis, and
brain edema. IL-1 and IL-6 stimulate prostaglandin E-2
production by brain endothelial cells responsible for the
activation of the adrenal axis of the hypothalamus, thereby
causing fever and behavioral changes “”. However, animal
studies have confirmed that postoperative cognitive
impairment may be associated with neuroinflammation **.
Inhibition of proinflammatory factors has been observed to
significantly reverse cognitive impairment caused by the
hippocampus ©”. Neuroinflammation has been associated
with melancholy, multiple sclerosis, and Alzheimer's
disease in elderly adults *”. These findings indicate that
apilarnil exhibits an effective anti-inflammatory effect
and inhibits mechanisms that cause neuronal damage. In
addition, testican-1, a molecule with some newly identified
attributes, is a proteoglycan expressed in the thalamus.
Testican-1 has been correlated with severe sepsis and also
its release shown to be induced by brain damage “'*?.
In this study, apilarnil administration was observed to
significantly decrease the increase in testican-1 levels due
to LPS. For these reasons, it can be argued that apilarnil
may play a critical role in reducing neuronal damage
caused by infiltration, thereby preventing neurological
dysfunction.

SAE development likely involves all of a number of
mechanisms, including reduced cerebral blood flow and
oxygen content, impaired blood-brain barrier, brain edema,
brain inflammation, neuronal degeneration, and activation
of glial cells ""**_ Although the pathophysiology of
sepsis and SAE remains unclear and various mechanisms
have been proposed, it has been well established that
apoptosis is a fundamental mechanism throughout the
immunopathogenesis of sepsis "****”. Indeed, apoptotic

deaths of neurons have been shown to increase in various
brain regions in response to sepsis ***”. In this study, we
observed that apilarnil administration decreased the extent
of dilated blood vessels and neuronal degeneration in the
histological examination of sepsis model groups. We also
found that there was a significant increase in the number of
apoptotic cells only in the LPS group, whereas the number
of apoptotic cells was lower in the LPS + apilarnil groups.
Furthermore, apilarnil administration was observed to
prevent the decrease in the number of Purkinje cells due
to sepsis. These findings are indicative that apilarnil may
play a critical role in preventing sepsis-induced neuronal
damage.

In conclusion, by utilizing the LPS-induced endotoxin
sepsis model, we propose to the scientific community that
apilarnil reduces secretion of proinflammatory proteins
in the brain, reduces oxidative stress, and preserves the
number of neurons by reducing apoptosis. This study not
only shows the neuroprotective effect of apilarnil against
sepsis-induced brain damage but also its potential to
contribute to new therapeutic targets to combat various
neurological disorders.
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