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OZET

Memantin' in sepsis indlikte kritik hastalik poli-
noropatisindeki terapétik etkilerinin incelenmesi

AMAC: Calismamizin amaci, sicanlarda cerrahi olarak
gelistirilen sepsis indukte kritik hastalik polinéropa-
tisindeki memantinin farkli dozdaki etkilerini, elekt-
romiyografi (EMG) bulgularindan birlesik kas aksiyon
potansiyelleri (BKAP), distal latans gibi EMG bulgulari
ve plazma timor nekrotizan faktér -a (TNF-a) ve ma-
lonedialdehit (MDA, plazma lipit peroksidaz gdstergesi)
seviyeleri esliginde incelemektir.

METOD: Calisma gruplarimiz bes grup olarak belirledik,
24 sicana c¢ekal ligasyon ve delme islemi uygulanarak
sepsis gelistirildi. Gruplar; 1: normal, 2: sham grubu
( sadece periton acilip kapatildi), 3: tedavi verilmeyen
sepsis grubu, 4: sepsis + 15 mg/kg memantin verilen,
5: sepsis+ 30 mg/kg memantin grubu olarak belirlendi.
TUm gruplara EMG yapilarak plazma MDA ve TNF-a se-
viyeleri 6l¢tldu.

BULGULAR: Plazma MDA ve TNF-a seviyeleri tim ¢ekal
ligasyon ve delme islemi uygulanan sicanlarda istatis-
tiksel olarak anlamli derecede artmisti, ek olarak tim
sepsis gruplarinda distal latanslar istatistiksel olarak
uzamis, BKAP amplittdler kiictimusti. Hem 15 mgrkg
hem de 30 mg /kg dozlarinda verilen memantin grup-
larinda plazma MDA ve TNF-a seviyeleri istatistiksel
olarak anlaml derecede azalmisti, ayrica bu gruplarda
BKAP amplittidler istatistiksel olarak artmis, distal la-
tanslar kisalmisti.

SONUC: Biz calismamizda memantinin sepsis indUk-
te kritik hastalik polinéropatisindeki antioksidan ve

noéroprotektif etkilerini plazma MDA ve TNF- a seviyele-
rini azaltmak suretiyle oldugunu gézlemledik.

Anahtar sozcukler: Kritik hastalik néropatisi, meman-
tin, elektromiyografi, malonedialdehit, timér nekroti-
zan faktor -a

ABSTRACT

OBJECTIVES: The purpose of our study is to investigate
the effects of the different dosage of memantine for
the treatment of Critical lliness Polyneuropathy (CIP) in
rats that have surgically induced sepsis, by using elect-
romyography (EMG) signs, such as amplitude and du-
ration of compound muscle action potentials (CMAP),
distal latency, and by using levels of plasma tumor nec-
rosis factor (TNF)-a and lipid peroxides (malondialdehy-
de, (MDA)).

METHODS: Rats were divided into five groups and ce-
cal ligation and puncture (CLP) procedure was perfor-
med on 24 rats. Study groups were designed as follows:
Group 1: normal (control, n=6); Group 2: sham-opera-
ted (n =6); Group 3: CLP (untreated group, n = 8); Group
5: CLP and 15 mg/kg memantin (n = 8); Group 6: CLP
and 30 mg/kg memantin (n = 8). EMG was performed
and plasma MDA and TNF-a levels were evaluated in
all groups.

RESULTS: Our findings showed an increase at the plas-
ma levels of TNF-a and MDA in cecal ligation and pun-
cture group. Besides, we established a reduction in
CMAP amplitude and prolongation of distal latency in
CLP goup. Administration of 15 and 30 mg/kg Memanti-
ne significantly provided a decrease in TNF-a and MDA
levels in CLP group. CMAP distal latency was reduced in

Yeni Symposium / Haziran 2015 / Cilt: 53, Say:: 2


mailto:solmaz.volkan@yahoo.com

I YENi SYMPOSIUM

all memantine-treated groups.

CONCLUSION: We observed that memantine showed
its antioxidant and neuroprotective effects by decrea-
sing the plasma MDA and TNF- a levels in CIP.

Key words: Critical illness polyneuropathy; memanti-
ne; electromyography; malondialdehyde, tumor necro-
sis factor-a

INTRODUCTION

Critical illness polyneuropathy (CIP) was first described
by Bolton and colleagues in 1986." CIP often appears
as a generalized neuromuscular weakness and paresis.
This kind of polyneuropathy usually occurs in patients
who are admitted to intensive care units (ICU) and it
is observed in critically ill patients with sepsis or mul-
ti-organ failure. CIP may occur in the first week after
intubation or in between second and fifth days if the
presence of sepsis is proven. Clinical features of CIP
are predominantly distal tetraparesis or tetraplegia,
weakness of the respiratory muscles, reduced or ab-
sent deep tendon reflexes, loss of pain, temperature
and vibration sense.2 Commonly, CIP affects the lower
limbs more than the upper limbs. In addition, occasio-
nally weaning failure from mechanical ventilation is the
first manifestation of diagnosis.>*> Approximately 70%
of the patients in sepsis or with systemic inflammatory
response syndrome (SIRS) will develop CIP.® In between
49% to 77% of the ICU patients who are at least hospi-
talized for seven days have the diagnosis of CIP.”8

The gold standard used for the diagnosis of CIP is nerve
conduction studies. The first electrophysiological sign
is the reduction in amplitude of the sensory and com-
pound muscle action potentials (CMAP) indicating an
axonal sensorimotor polyneuropathy.® Progressive tis-
sue damage, organ dysfunction and infection affecting
the microcirculation and also endoneurial edema de-
veloping through activation of proinflammatory cyto-
kines causing distal axonal degeneration and hypoxia
are responsible for the pathogenesis of CIP."°

Supportive treatments including nutritional interventi-
ons, supplements and anti-oxidant therapies, growth
hormones and immunoglobulins were proposed to
manage the muscle weakness in critically ill patients."”
Neuromuscular blocking agents and corticosteroids
should be used at minimal doses and for a period as
short as possible.'? Insulin reduces the enhanced per-
meability of capillaries; prevents the passage of neuro-
toxic factors into the endoneurium.'
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Glutamate is one of the main neurotransmitters in the
brain and it is known that in response to injury gluta-
mate release increases. Glutamate is known to be ex-
citotoxic for the neural tissue. Excitotoxicity is defined
as uncontrolled release of glutamate, the activation of
NMDA receptors, and membrane depolarization cau-
sing excessive passage of Ca, Na and H,0 molecules
into the cell.” Ca flow into neurons may activate the
neuronal nitric oxide (NO) synthase. This causes the
increase of NO reacting with superoxide anion trigge-
ring toxic peroxynitrite. As a result peroxynitrite cau-
ses severe damage of the cell.” It is believed that the
increase of Ca level is the major component of the cell
death.

Memantine (1-amino-3,5-dimethyladamantane hydro-
chloride) is an NMDA receptor antagonist and it is used
in many neurological disorders such as Alzheimer's
disease and Parkinson disease. Memantine shows its
effect by reducing the glutamatergic neuronal dama-
ge. Therefore, Memantine is used as an antioxidant in
some ischemic events.

Regarding to these informations, we thought whether
memantine would have therapeutic effects on experi-
mentally induced CIP model in rats or not. In our study,
we evaluated the electrophysiological findings, the
changes in the plasma TNF-a levels, in MDA levels of
surgically induced sepsis in rats, and the effects of dif-
ferent doses of memantine treatment on CIP by perfor-
ming electrophysiology, plasma TNF-a, and MDA levels.

MATERIALS AND METHODS
Animals

In this study 45 male Sprague Dawley albino mature
rats, weighing 200-250 g, were used. Animals were fed
ad libitum and housed in pairs, in steel cages having
a temperature-controlled environment (22 £ 2 °C) with
12-h light/dark cycles. The experimental procedures
were approved by the Committee for Animal Resear-
ch of Gaziosmanpasa University (Approval number:
2013-HADYEK 30). All animal studies are strictly confor-
med to the animal experiment guidelines.

Experimental procedures

Rats were randomly assigned into five groups and cecal
ligation and puncture (CLP) procedure was performed
on 33 rats to induce a sepsis model. 9 rats died during
the first 24 h following surgical procedure and were
excluded from the study. There was no mortality in the
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sham-operated group. Study groups were designed as
follows: Group 1: normal (nonoperative and orally fed
control group, n=6); Group 2: sham-operated (n =6);
Group 3: CLP (untreated group, n = 8); Group 4: CLP
and 15 mg/kg memantin intraperitoneal (i.p.) (n = 8);
Group 5: CLP and 30 mg/kg memantin i.p.(n=8). For the
surgical procedure, rats were anesthetized by intrape-
ritoneal injection of a combination of ketamine hydro-
chloride at a dose of 80 mg/kg and 7 mg/kg xylazine
hydrochloric (Alfazyne; Alfasan International BV,Woer-
den, Holland).

Under aseptic conditions, a 3 cm midline laparotomy
was performed to allow exposure of the cecum with
the adjoining intestine. The cecum was ligated tight-
ly with a 3.0 silk suture at its base under the iliocecal
valve and punctured once with a 22-gauge needle. The
cecum was then gently squeezed to extrude a small
amount of feces from the perforation site. The cecum
was put back to its location in the peritoneal cavity, and
the laparotomy incision was closed with 4-0 polyglactin
910 sutures. Following the surgery, after the recovery
period, animals were placed in their cages. In the sham
group, under aseptic conditions, only laparotomy was
performed on rats, but their cecum was neither liga-
ted nor punctured. In this model, rats were accepted
as septic 5 h following CLP." All treatments were per-
formed within the first hour of the surgical procedure.

Measurement of plasma TNF- a levels

Plasma TNF-a levels were measured using commercial-
ly available enzyme-linked immunosorbent assay (ELI-
SA) kit (Biosciences). The plasma samples were diluted
1:2 and TNF- a was determined in duplicate according
to the manufacturer's guide. The detection range for
TNF-a assay was <2 pg/ml.

Measurement of lipid peroxidation

Lipid peroxidation was determined in plasma samples
by measuring malondialdehyde (MDA) levels as thio-
barbituric acid reactive substances (TBARS). Briefly, tri-
chloroacetic acid and TBARS reagent were added to the
plasma samples, then mixed and incubated at 100 °C
for 60 min. After cooling on ice, the samples were cent-
rifuged at 3000 rpm for 20 min and the absorbance of
the supernatant was read at 535 nm. MDA levels were
expressed as nM and tetraethoxypropane was used for
calibration."”

veni symposiuv - [

Electrophysiological recordings

EMG studies were performed 36 h after surgery. EMG
datas were obtained three times from the right sciatic
nerve stimulated supramaximally (intensity 10V, dura-
tion 0.05 ms, frequency 1 Hz, in the range of 0.5-5000
Hz, 40 kHz/s with a sampling rate) by a Medelec-Ox-
ford Synergy bipolar subcutaneous needle stimulation
electrode from the sciatic notch.

CMAPs were recorded from 2-3 interosseous muscles
by unipolar platinum electrodes. Datas were evaluated
using Medelec-Oxford Synergy Quantitative EMG Test
Software with distal latency and amplitude of CMAP be-
ing the parameters. During the EMG recordings, rectal
temperatures of the rats were monitored by a rectal
probe (HP Viridia 24-C; Hewlett-Packard Company, Palo
Alto, CA) and the temperature of each rat was kept at
approximately 36 -37 °C by heating pad. Following EMG
recordings, animals were euthanized and blood samp-
les were collected by cardiac puncture for biochemical
measurements. They were centrifuged at 3000 rpm for
10 min at room temperature and stored at - 20 °C until
assay.

Statistical analysis

Statistical evaluation was performed using SPSS ver-
sion 15.0 for Windows. The groups of parametric va-
riables were compared using the Student's t test and
analysis of variance. Also, the groups of nonparamet-
ric variables were compared using the Mann- Whitney
U test. In addition, the Shapiro-Wilk test was used for
parametric-non-parametric differentiation. Results are
presented as mean+SEM. A p < 0.05 was accepted as
statistically significant.

RESULTS
Assesment of Plasma TNF-a Levels

CLP group demonstrated a significant increase in plas-
ma levels of TNF-a compared with the normal control
and the sham-operated rats (251.8 £ 13.3 pg/ml, 20.5
+ 3.1 pg/ml, 26.1 £ 1.03 pg/ml, respectively; p<0.0001).
Administration of 15 and 30 mg/kg Memantine signifi-
cantly provided a decrease in TNF-a levels in CLP group
(167.08 +6.5 pg/mland 169.7 6.9 pg/ml, respectively;
p < 0.0001). However, there was no statistical differen-
ce between 15 mg/kg Memantine-treated group and
30 mg/kg Memantine-treated group in terms of plasma
levels of TNF-a (>0,05) (Fig 1).
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Assesment of Plasma MDA Levels

Malondialdehyde (MDA) levels were found to be signifi-
cantly higher in the CLP group than the normal control
and the sham-operated groups (204.7 £+ 14.6 nM, 61.8
+ 4.3 nM, 65.9 + 4.8 nM, respectively; p < 0.05). Admi-
nistration of 15 and 30 mg/kg Memantine significantly
triggered a decrease of MDA levels in CLP groups (164.2
+ 7.3 nM and 130.7 £ 8.05 nM, respectively; p < 0.001).
There was a statistical significiant difference between
the 15 mg/kg Memantine-treated group and 30 mg/kg
Memantine-treated group in terms of the plasma le-
vels of MDA. More significiant reduction was detected
in 30 mg/kg Memantine-treated group than 15 mg/ kg
Memantine-treated group in terms of plasma levels of
MDA (p<0,001) (Fig 2).

Electrophysiological Findings

Highly significant reduction was found in CMAP amp-
litude in CLP group compared with the normal control
and sham-operated groups (4.2 £ 0.19 mV, 9.29 + 0.28
mV and 8.9 + 0.4mV, respectively; p < 0.0001). CMAP
amplitude was significantly improved in 15 mg/kg Me-
mantine-treated and 30 mg/kg Memantine-treated
groups (6.9 + 0.25 mV and 8.08 + 0.33 My, respectively
(p>0,0001). CMAP distal latency meaningfully was pro-
longed in the CLP group compared with normal cont-
rol and sham-operated groups (3.8 + 0.08 ms, 2.53 *
0.04 ms and 2.58 + 0.02 ms, respectively; p < .0001).
CMAP distal latency was reduced in all Memantine-tre-
ated groups (p<0,0001). However, there was no statis-
tical difference between 15 mg/kg Memantine-treated
group and 30 mg/kg Memantine-treated group in ter-
ms of CMAP distal latency (p>0,05) (Fig 3-4).

DISCUSSION

Critical illness polyneuropathy is a sensorimotor axo-
nal polyneuropathy that is usually detected in patients
hospitalized in the intensive care unit for a week or in
patients with MOF, Systemic Inflammatory Response
Syndrome (SIRS) or sepsis.”™ CIP is a common issue in
intensive care units and the clinical syndrome consists
of generalized flaccid weakness prominent in the distal
limbs and reduction or loss of deep tendon reflexes.
CIP can be seen at any age, but men are effected more
than women. CIP is considered to be a complication of
systemic inflammatory response triggered by conditi-
ons such as sepsis. Mononuclear cells play a large role
in releasing of conventional proinflammatory cytoki-
nes such as interleukin 1 (IL-1), IL-6 and TNF-a. TNF-a;
by activating leukocyte surface adhesion molecules
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causes adhesion of neutrophils to endothelial cells.
As a result of degranulation of activated neutrophils,
released proteases and toxic oxygen radicals facilitates
damaging of endothelial cells. Finally, sepsis causes
membrane exitability in ischemic cells, and by this pol-
yneuropathy occurs.

It is observed that exicitator aminoacids (EAA) sprea-
ding through the synaptic gap have reached neurotoxic
levels in ischemic neuronal cell culture studies. Gluta-
mate is the most well-known one among the EAA and
this damage can be moderated by NMDA antagonists
which is the one of the glutamate receptors.’-%

Memantine is a non-competitive NMDA receptor an-
tagonist and it has been shown that it has protective
effects on neuronal death in transient frontal brain is-
chemia,?" hypoxic cerebral ischemia,? spinal cord isc-
hemia, and retinal ischemia? in animal studies. It is
demonstrated that giving continous Memantine infusi-
on in Alzheimer disease protects the hippocampal CA1
neurons from the effects of neurodegeneration in the
study on Danysz et al..®

The effects of Memantine on plasma MDA and TNF- a
levels and EMG findings have been investigated in rats
with sepsis in our study. We determined that Memanti-
ne decreases significantly TNF- a levels which increased
in rats in sepsis. TNF- a is the most important cytokine
which plays role in natural immune system and it is re-
leased from macrophages and T lymphocytes. In additi-
on, TNF-a is responsible for the systemic complications
in serious infections. Also, experimentally giving TNF- a
to animals causes the clinical symptoms which are seen
in sepsis.?® TNF-a demonsrates its effect by activating
nitric oxid syntetase enzyme.?” NO is the most funda-
mental substance which is responsible for vasodilatati-
on in sepsis.?® Furthermore, one of the mediators being
responsible for inflammatory response is free oxygen
radicals (FOR).?® FORs deteriorate cell membrane by
causing lipid peroxidation and inhibiting mitochondria
ATP syntesis. This leads to oxidative damage of DNA
and proteins. Different kinds of experiments and cli-
nical studies have been carried out with antioxidant
agents to prevent free oxygen increase being caused
by sepsis. As an indirect sign of FORs, MDA levels (the
last production of lipid peroxidation that is revealed at
the end of damage) can be used. In our study, plasma
MDA levels have increased dramatically in CLP group
and it is determined that MDA levels have decreased
significantly in Memantine-treated groups.

The best method for the diagnosis of CIP is
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electrophyologic studies. Axonal polyneuropathy ap-
pears by the reduction in CMAP and sensory action
potential amplitudes.?®*2 Fibrillation potentials, dener-
vation potentials and positive sharp waves may be ob-
served after two or three weeks following clinical symp-
toms.3334

Although the CIP pathophysiology in sepsis is not cer-
tainly known, it is stated that the increasing of perme-
ability of small endoneurial vessels, endoneurial ede-
ma and increasing toxic factor penetration have a role
in CIP pathophysiology. Membrane depolarization in
motor axons lead to CIP development related to endo-
neurial hyperkalemia and hypoxia.®® As in the previous
study, a decrease has been detected in CMAP amplitu-
de and an increase has been detected in distal latency
in rats with CLP in our study 30336, Furthermore, inc-
rease in CMAP amplitudes and decrease in latency in
Memantine-treated groups were detedted. It is seen
that Memantine (the antagonist if NMDA receptors) de-
creases the neurotoxicity related to glutamate and the
influence of antioxidant in many studies.?”-3

Consequently, antioxidant effect of Memantine has
been shown by decreasing plasma MDA and TNF-a le-
vels in CIP. Meanwhile, it showed a neuroprotective ef-
fect by improving in EMG findings. Nonetheless, more
studies are necessary to support the routine use of Me-
mantine and to show its antioxidant and neuroprotec-
tive effects.
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Figure 1: TNF- a levels are represented for each group.
In CLP group, TNF- a levels are higher than normal and
sham operated group. TNF- a levels reduced in 15 mg/
kg and 30 mg/kg Memantine-treated groups in rats.

Figure 2: MDA levels are represented for each group.
In CLP group, MDA levels are higher than normal and
sham operated groups. MDA levels reduced in 15 mg/
kg and 30 mg/kg Memantine-treated groups in rats.

Figure 3: Electrophysiological findings in CMAP amp-
litude and CMAP distal latency in normal group, sham
group, CLP and Memantine-treated groups in rats.

Figure 4: Samples of CMAP recorded from (A) Normal
group, (B) Sham group, (C) CLP group, (D) CLP and 30
mg/kg memantin.

250

150
100
50

controd CLP

oSerum THF-alfz levels

30 mig kg memantine

Figure 1

Yeni Symposium / Haziran 2015 / Cilt: 53, Say:: 2



veni symposiuv - [

@ Serum MDA levels

control sham CLP 1smgfkg  I0mgikg
memanting memanting

Figure 2

1o
-
&
¥
(]
g BN AR amplitiide (mV)
4 DCVAP distal latency (M)
3
F 4
i
i}
control CLP 30 mg/kg memantineg
Figure 3
,'?| | .
| N
[
| | . [}
|
| 1 | |..lr‘.~'\-'\-\._ |‘ - - — |l\_ﬁ-..ll | IIF-H-H.-__'_.. l\-..‘_ — _-.\_'_'_”J-
___..I.,,'I_l f T e e | L I' -
L | e i . [
|
|' |
(- N B i
| H
]
|
i gl
. || 'I | |L
- i - Illl ""\-l.: _.__ § ___I-_ & i i .H-'. Il I
[, f a e Jomel . |
I S " y g i, Ol
|| — 1 i I o
. . . . B . . . . . | !I o e
c D Y
Figure 4

Yeni Symposium / Haziran 2015 / Cilt: 53, Say: 2



	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

