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Abstract

The current study covers key issues related to memantine’s toxicity (0.36 mg/kg, P.O. once
daily) and its effect on liver, Kidney, blood and antioxidant enzymes for three weeks. Then
tissue and blood samples were collected at the 1st, 2nd and 3rd weeks post-treatment. Our results
indicated that Memantine has hepato-nephrotoxicity and elevation of liver enzymes (ALT, AST
and ALP), creatinine, urea and uric acid. Obvious decline in all blood parameters with
respectable decline in antioxidant enzyme like CAT, SOD, GPX and a significant increase in
MDA. Histopathology revealed hepatic steatosis and increase the apoptotic and necrotic cells
mostly within the centrolobular, as. Also, tubular basophilia and interstitial nephritis were
observed. Therefore, Memantine should be used with caution with hepatic or people with kidney

problems.
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Introduction

Memantine, is previously included in a
novel class of Alzheimer's
sickness medications acting on
the glutamatergic framework by closing the N-
methyl D-aspartate (NMDA) receptors.
Because continuous raised level of glutamate
in the brain of demented patients are sufficient
to counter the voltage-dependent block of
NMDA receptors by Mg?* ions and allow a
continuous entering of Ca?*ions into cells,
ultimately resulting in neuronal degeneration.

Excitotoxicity is the morbid disease by
which nerve  cellsare  deteriorated by
exaggerated excitation

by neurotransmitters such as glutamate. This
happens when receptors for the provocative
neurotransmitter glutamate (glutamate
receptors) such as the NMDA receptor is
overactivated by  glutamatergic  storm.
Excitotoxins like NMDA which are bound to
these receptors, as well as pathologically high
levels of glutamate, can lead to excitotoxicity
by allowing excess levels of calcium ions
(Ca®") to enter into the cell [1]. Ca®" influx
into cells enhance a number of enzymes,
including phospholipases, endonucleases,

and proteases. These enzymes lead to break

cell structures such as components of
the cytoskeleton, membrane, and DNA.
Memantine does its action through

uncompetitive  NMDA receptor antagonist,
attaching preferentially to the NMDA

receptor-operated cation channels. Memantine
binds more effectively than Mg ions at the
NMDA receptor, and thereby effectively
blocks this prolonged influx of Ca®* ions
through the NMDA channel. Thus, it protects
against chronically elevated concentrations of
glutamate [2]. Also, Memantine has the
ability to block nicotinic acetylcholine
receptors at the cellular level [3]. Memantine
has antagonistic effects at the 5HT3 receptor
[4] and enhancing histaminergic receptor
action [5] both of which could possibly
contribute towards synergistic effects in
cognitive enhancement. It is most effective
when more channels are open (which is
maximized under pathological conditions of
excess glutamate), which suggests that
Memantine is more effective at blocking the
channels in cases of moderate or severe
neurodegenerative disease severity rather than
during milder stages [6]. In addition, the
uncompetitive nature of the Memantine’s
mechanism of action makes its antagonistic
activity more potent in areas with massive
activation of NMDA receptors. Besides it was
found to prevent neuronal death induced via
excitotoxic mechanisms.

The main targeted organs of toxicity are the
kidneys, and livers. The kidney is recognized
to be the most common organ exposed to drug
toxicity and environmental chemicals. Its
increased liability could be attributed to high
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renal blood flow in addition to its individual
possession of renal tubular epithelium in
concentrating urine and its ingredients,
including drugs and chemicals [7].
Nephrotoxicity is a disease whose primary
feature is impairment of the normal function of
the kidney which is ranged from mild
reduction in renal function to severe
progressive toxicity culminating in end stage
of renal disease as hematuria, proteinuria and
urolithiasis [8]. Liver has a central role in
transforming and clearing chemicals and is
susceptible to the toxicity of these agents.
Certain medicinal agents, when taken in
overdoses and sometimes even when
introduced within therapeutic ranges, may
injure the organ. More than 900 drugs have
been involved in causing liver injury [10] and
it is the most common reason for a drug to be
outgoing from the market. Hepatotoxicity and
drug-induced liver injury also account for a
fundamental number of compound failures,
highlighting the need for drug screening
assays, such as stem cell-derived hepatocyte-
like cells, that are capable of detecting toxicity
early in the drug development process [11].
Adverse effects of Memantine on liver
contained hepatic failure [12].

Materials and Methods
Drugs and chemicals

Memantine (Namenda®) was supplied by
Forest Laboratories, Inc., H. Lundbeck, Merz
Pharma, Memantine was prepared in saline
immediately before use.

Animals

Forty adult female albino rats (150-200 g)
were purchased from local breeder and were
permitted free access to standard laboratory
chow and tap water throughout the
acclimatization and experimental periods.
Animals were preserved under standard
condition of temperature about 30°C and
dampness (60 = 10%) with uniform 12 h
light/12h dark cycle. All experimental steps
qualified in this study abided by the ethical
principles and guidelines for the care and the
use of laboratory animals adopted by the
“Research Ethics Committee”, Faculty of
Veterinary Medicine, Zagazig University,

Egypt.
Experimental design

Forty animals were randomly allocated into
2 groups (n=20/group). Group 1 (control): rats
were received saline. Group 2 (Memantine):
rats were received Memantine (0.36
mg/kg/day, P.O.) once daily for 21 successive
days. The animals were monitored weekly.

Preparation of serum sample and tissue
sample

At the end of the experiment (12 hrs. after
the last dose), rats were sacrificed and the
following samples were collected: Blood was
collected and allowed to clot for 30 minutes at
25 °C. Thereafter, they were centrifuged at
2000g for 10 min, and the top yellow layers of
serum were pipetted off without distributing
the white buffy layer. Serum was stored at -20
°C and thawed just before use for the
determination of liver and kidney enzymes.
Livers and kidneys were excised and
suspended in a physiological saline containing
heparin (0.016mg/ml) to prevent blood clots.

Biochemical markers of liver and Kidney
injury:

Determination of biochemical markers of
liver as serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST)
activities were done [13,14]. Determination of
serum alkaline phosphatase (ALP) activity was
done according to Tietz et al., [15]. Evaluation
of creatinine, urea and uric acid were done
according to Pagana [16]. These Biochemical
markers were evaluated by using commercial

kits from Spectrum Diagnostics (Cairo,
Egypt).

Hepatic and Nephro histopathological
evaluation:

Liver and kidney tissues were fixed in 10%
neutral buffered formalin solutions for 24h.
Then, tissue processing and paraffin blocks
preparation were done. Masson s trichome and
hematoxylin-eosin stains were used to evaluate
fibrotic areas and necroinflammation activity
according to the method of Ishak et al. [17].

Biochemical markers of antioxidant activity:

Determination of catalase activity (CAT),
superoxide  dismutase activity (SOD),
glutathione peroxidase activity (GPX) and
malondialdehyde activity (MDA) by method
according to the principle of Aebi, [18],
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Nishikimi et al., [19],
Valentine, [20] respectively.

and Paglia and

Hematological testing:

Include methodologies and sources of error
for blood cell counts, hematocrit and
hemoglobin determinations, white blood cell
count, platelet count, basophil, eosinophil and
lymphocyte. Formulae for calculating indices
(MCV, MCH and MCHC) according to Jacob
Jacob et al., [21].

Statistical analysis

Data in the present study were analyzed
using prism version 6. Statistical assessments
of the results, unless the histopathological
results, were completed by using methods of
one way and two-way analysis of variance
(ANOVA) according to Tamhane and Dunlop,
[22]. Duncans test was carried which
considered statistically significant when P<
0.05.

Results

Effects of Memantine (0.36mg/kg, P.O.
once daily for 21 successive days) on
biochemical markers of liver injury on ALT

There was gradual significant increase in
level of serum ALT, but a high significant
increase was observed 2 weeks post treatment
(PT), (62.36x6.47 U/L) and third week
(75.36£17.98 U/L). At the first week PT.,
there was a high increase in serum ALT
activity (62.36+£6.47 U/L) compared with
(32.60 +£2.70U/L) for the control group, a high
increase in serum ALT activity (67.44+9.06
U/L) compared with (32.60 +2.70U/L) for the
control group obtained after 14 days
administration of Memantine, in the third
week resulted in an obvious increase in serum

ALT activity (75.36£17.98 U/L) compared
with (32.60 £2.70U/L) for the control group

(Fig 1).

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on AST

there was gradual increase in level of
serum AST, but a significant increase was
observed in the second week(85.33+11.40
U/L)  when compared with third week
(147.55+63.12 U/L). In the First week a
significantly raised serum AST activity
(85.33£11.40 U/L) was more than (34.33£1.18
U/L) for the control group, a week later there
was an obvious increase in serum AST activity
(96.34+20.97 U/L) compared with
(34.33£1.18 U/L) for the control group. In the
third week there was a significant increase in
serum AST activity (147.55+63.12 U/L)
compared with (34.33t1.18 U/L) for the
control group (Figure 1).

Effects of Memantine (0.36 mg/kg, P.O.
once daily) on ALP

There was gradual increase in level of
serum ALP, but a significant increase was
observed 1st week., when compared
(216.02+0.50 U/L) with  third  week
(335.75+46.63 U/L). A significant increase in
serum ALP activity was observed in the first -
week pt. (216.02+0.50 U/L) when compared
with (177.03x11.54 U/L) for the control
group, meanwhile in the second week there
was a high significant raise in serum AST
action (244.07+7.13 U/L) compared with
(177.03+£11.54 U/L) for the control group. In
the third week there was a high significant
increase in serum ALP activity (335.75+46.63
U/L) compared with (177.03£11.54 U/L) for
the control group (Figure 1).
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Figure 1: Effect of time-point treatment with Memantine on liver parameters (AST,ALT and ALP) of rats

treated with memantine for successive 21 days.

Effects of Memantine (0.36 mg/kg, P.O.
once daily) on total serum proteins

There was gradual significant decrease in
level of total serum proteins when compared
1-week pt. result (6.17+£0.23 g/dl) with the
second (5.41+0.49g/dl) and third week
(4.79+0.149g/dl). Decrease in total protein
activity was observed 1-week pt. (6.17+0.23
g/dl) compared with (6.73 £0.03 g/dl) for the
control group, in the second there was a
significant decrease in total protein activity
(5.41+0.49¢g/dl)  compared  with  (6.73
+0.03g/dl) for the control group. In the third
week there was a significant decrease in total
protein activity (4.79+0.14g/dl) compared with
(6.73 £0.03 g/dI) for the control group.

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on serum total bilirubin

There was gradual increase in level of
serum total bilirubin, but a significant increase
was seen when compared 1-week pt., result
(0.17£0.01 mg/dl) with the third week
(0.21£0.02 mg/dl) and second week result
(0.19+0.03 mg/dl) and third week (0.21+0.02
mg/dl). First week pt., there was an increase in
direct bilirubin activity (0.17£0.01 mg/dl)
comparing with (0.14+0.01mg/dl) for the
control group, meanwhile in the second week
there was a significant increase in direct
bilirubin activity (0.19+£0.03 mg/dl) comparing
with (0.14+0.01mg/dl) for the control group.
In the third week there was a significant
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increase in direct bilirubin activity (0.21+£0.02
mg/dl) compared with (0.14+0.01mg/dl) for
the control group. The effect of Memantine
(0.36 mg/kg, P.O. once daily) on successive 21
days: there was gradual decrease in level of
serum total bilirubin was observed, meanwhile
a significant increase was seen when compared
First week pt., result (3.67+0.25¢/dl) with the
third week (2.81+£0.31g/dl).

First week pt., there was a decrease in
albumin activity (3.67+0.25¢/dl) comparing
with (4.01+£0.24g/dl) for the control group,
meanwhile an obvious decline in albumin
activity was seen in second week (3.1 +0.08
g/dl) comparing with (4.01+0.24g/dl) for the
control group. Significant decrease in albumin
activity was observed in the third week
(2.81+0.31g/dl)  when  compared  with
(4.01+0.24g/dl) for the control group.

The effect of Memantine (0.36 mg/kg, P.O.
once daily) on serum globulin

There was gradual increase in level of
serum globulin, but a significant increase was
seen when compared 1-week pt., result
(2.94+0.20g/dl)  with  the third week
(3.18+£0.18 g/dl) and second week result
(2.96+0.08 g/dl) with third week (3.18+0.18
g/dl). First week pt., there was an increase in
globulin activity (2.94+0.20g/dl) comparing
with (2.30+0.21g/dl) for the control group, but
a significant raise in globulin action was seen
in the second week (2.96+0.08 g/dl)
comparing with (2.30+0.21g/dl) for the control
group. In the third week there was an obvious
increase in globulin activity (3.18+0.18 g/dl)
comparing with (2.30+0.21g/dl) for the control

group.
Effect of Memantine (0.36 mg/kg, P.O.
once daily) on serum creatinine

There was gradual increase in level of
serum creatinine was observed, but a
significant increase was observed when
compared First week pt., result (0.76+£0.05
mg/dl) with the third week (0.98+0.07 mg/dl).
An increase in creatinine activity was observed
1-week pt. (0.76£0.05 mg/dl) contrasted with

(0.60+0.05 mg/dl) for the control group, but a
presumed increase in creatinine activity
resulted after 14 days of administration
(0.90+0.10 mg/dl) comparing with (0.60£0.05
mg/dl) for the control group. Significant
increase in creatinine activity (0.98+0.07
mg/dl) compared with (0.60+£0.05 mg/dl) for
the control group was seen in the third week
(Figure 2).

The effect of Memantine (0.36 mg/kg, P.O.
once daily) on serum uric acid

There was gradual increase in level of
serum uric acid was observed, but a significant
increase was seen when compared 1-week pt.,
result (3.58+0.60 mg/dl) and second week
(3.81+0.54 mg/dl) with the third week
(3.98+0.43 mg/dl). First week pt., there was an
increase in uric acid activity (3.58+0.60 mg/dl)
comparing with (2.25+£0.14 mg/dl) for the
control group, meanwhile after two weeks of
administration there was a significant raise in
uric acid action (3.81+0.54 mg/dl) comparing
with (2.25+0.14 mg/dl) for the control group.
Significant increase in uric acid activity
(3.98+£0.43 mg/dl) comparing with (2.25+0.14
mg/dl) for the control group was observed in
the third week (Fig 2).

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on serum urea

There was gradual increase in level of
serum urea was observed, meanwhile a
significant increase was seen when compared
1- week pt., result (25.84+4.96 mg/dl) and
second week (35.47+5.03 mg/dl) with the third
week (47.82+7.85 mg/dl). First week pt., there
was an increase in urea activity (25.84+4.96
mg/dl) compared with (17.82+0.34 mg/dl) for
control group, but an obvious raise in urea
activity was observed in the second week
(35.47+5.03 mg/dl) comparing  with
(17.82+0.34 mg/dl) for the control group. In
the third week there was a significant increase
in urea activity (47.82+7.85 mg/dl) comparing
with (17.82+0.34 mg/dl) for the control group
(Figure 2).
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Figure 2: Effect of time-point treatment with Memantine on kidney parameters (creatinine, uric acid and
urea) of rats treated with Memantine for successive 21 days.
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Effects of Memantine (0.36mg/kg, P.O. once
daily) on biochemical markers of antioxidant
enzymes.

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on CAT: there was bit-by-bit
decrease in level of CAT was observed, but a
significant decrease was seen when compared
1-week pt., result (0.16+0.09U/ml) with the
third week (0.08+£0.05U/ml). First week pt.,
there was a decrease in catalase activity
(0.16+0.09U/ml) comparing with
(0.22+0.03U/ml) for the control group,
meanwhile a significant decrease was seen
after 14 days of Memantine administration

(0.11£0.03U/ml) comparing with
(0.22+0.03U/ml) for the control group.
Significant decrease in catalase activity
(0.08+0.05U/ml) comparing with

(0.22£0.03U/ml) for the control group was
observed in the third week (Fig 3).

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on SOD: there was bit-by-bit
decrease in level of SOD, meanwhile a
significant decrease was seen 1- week pt.,
when comparing (0.16+£0.09U/ml) with the
second week (0.13+£0.06 U/ml) and with third
week (0.08+£0.05U/ml). First week pt., a
decrease in SOD activity was observed
(0.18+0.01U/ml) comparing with
(0.21+0.03U/ml) for the control group. In the
second week, there was an obvious decline in
SOD action (0.13+0.06 U/ml) comparing with

(0.21£0.03U/ml) for the control group.
Significant  decline in  SOD action
(0.09+0.04U/ml) comparing with

(0.21+0.03U/ml) for the control group was
seen in the third week (Figure 3).

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on GPX

There was bit-by-bit decrease in level of
GPX, meanwhile a significant decrease was
seen when compared 1- week pt., result
(0.20£0.04U/ml)  with the third week
(0.10+0.05U/ml). First week pt., there was a
decrease in GPX activity (0.20£0.04U/ml)
compared with (0.25£0.03U/ml) for the
control group. An obvious decrease in GPX
activity  (0.14+0.06U/ml) compared with
(0.25£0.03U/ml) for the control group was
seen in the second week. Significant decrease
in GPX activity (0.10£0.05U/ml) comparing
with (0.25+0.03U/ml) for the control group
was observed in the third week(Figure 3).

Effect of Memantine (0.36 mg/kg, P.O.
once daily) on MDA: there was gradual
significant increase in level of MDA was
observed (0.22 +0.07mm/L), (0.38
+0.10mm/L) and (0.48+0.05mm/L). First week
pt., there was an increase in MDA activity
(0.22 +0.07mm/L) comparing with
(0.14+0.07mm/L) for the control group, but a
significant increase in MDA activity was seen
in the second week (0.38 +0.10mm/L)
comparing with (0.14£0.07mm/L) for the
control group. In the third week there was a

significant increase in MDA  activity
(0.48+£0.05mm/L) comparing with
(0.14£0.07mm/L) for the control group
(Figure 3).
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Histopathological findings of liver

Liver of control animal sacrificed at the 7"
day pt., showed normal periportal area with
normal round to oval hepatocytes with normal
vesicular nucleus, (Figure 4- A) Scarlflcatlon
of Memantine-treated animal in the 7" day pt.
showed that centrolobular hypertrophy of the
hepatocytes of liver and periportal vacuolation
of hepatocytes. (Flgure 4-B). Liver of control
animal at thel4™ day pt., showed normal
hepatocytes around the central vein (Figure 4-

C). Liver of Memantine-treated animal in the
14" day pt., showed numerous apoptotic cells
associated with hepatic vacuolation (Figure 4-
D). Liver of control animal at the 21* day pt.,

showed normal hepatocytes around the central
vein (Figure 4-E). Liver of Memantine-treated
animal at the 21% day pt., showed hepatic
steatosis and increase the apoptotic and
necrotic cells mostly within the centrolobular
area (Figure 4-F)
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Flgure 4 A: Liver of control animal sacrificed at the 7" day showing normal perlportal area with normal
round to oval hepatocytes with normal vesicular nucleus, H&E, X200. B: Liver of Memantine-treated animal
(7™ day sacrifice) showing normal periportal area mononuclear cell infiltration (arrowhead), H&E, X200. C:
Liver of control animal sacrificed at the 14™ day showing normal periportal area with normal round to oval
hepatocytes with normal vesicular nucleus, H&E, X200. D: Liver of Memantine-treated animal (14" day
sacrifice) showing hepatic steatosis and single cell necrosis, H&E, X200. E: Liver of control animal sacrificed
at the 21" day showing normal periportal area with normal round to oval hepatocytes with normal vesicular
nucleus, H&E, X200. F: Liver of Memantine-treated animal (21% day sacrifice) showing hepatic steatosis
(arrowhead) and increase the apoptotic and necrotic cells mostly within the centrolobular area (arrow),

H&E, X200.

Histopathological findings of kidney

Kidney of control animal sacrificed at the
7" day pt., showed normal renal glomeruli and
tubules (Figure 5-G). Kldney of Memantine-
treated animal at the 7" day pt., showed focal
necrosis of the medullary renal tubules
associated with leukocytic infiltration (Figure
5-H).

Kidney of control animal at the 14™ day pt.,
showed normal renal glomeruli and tubules

(Figure 5-1). Kldney of Memantine-treated
animal at the 14™ day pt. showed tubulo—
interstitial nephritis represented by marked
mononuclear cell infiltration (Figure 5-J).

Kidney of control animal at the 21™ day pt.,
showing normal renal glomeruli and tubules
(Figure 5-K). Kldney of Memantine-treated
animal at the 21" day sacrifice, showed
interstitial nephritis (Figure 5-L) .
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Figure 5 G: Kidney of control animal sacrificed at the 7" day showing normal renal glomeruli (arrow) and
tubules (arrowhead), H&E, X200. H: Kidney of Memantine-treated animal (7" day sacrifice) showing
degeneration of renal tubular with attempt of regeneration of the lining epithelial cells of the renal tubules
(arrow), also periglomerular and peritubular few inflammatory cell infiltrations was noticed, H&E, X200. I:
Kidney of control animal sacrificed at the 14™ day showing normal renal glomeruli (arrow) and tubules
(arrowhead), H&E, X200. J: Kidney of Memantine-treated animal (14" day sacrifice) showing tubule—
interstitial nephritis represented by marked mononuclear cell infiltration, H&E, X200. K: Kidney of control
animal sacrificed at the 21™ day showing normal renal glomeruli (arrow) and tubules (arrowhead), H&E,
X200. L: Kidney of Memantine-treated animal (21% day sacrifice) showing tubular basophilia (arrow), H&E,

X200.

Discussion

The kidney is recognized as one of the most
common target organs of toxicity of the drugs
and environmental chemicals. A number of
drugs, chemical, and heavy metals have been
shown to alter its structure and function [23].
Some drugs lead to severe damage to the
kidney with marked tubular damage. Also,
liver is the remarkable organ as it is dealing
with the physiological activities in the human

body. It plays an important role in regulating
various physiological processes in the body. It
is involved in several vital functions, such as
metabolism, secretion, and storage; liver has a
great capacity to detoxicate toxic substances
and synthesize useful principles.

Liver injury biomarkers as ALT, AST, and
ALP are biomarkers enzymes which show the
functional integrity of the liver cells [24].
These biomarkers are usually increased in
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acute  hepatotoxicity and  hepatocellular
damage [25]. Memantine is one of the drugs
which are approved by the FDA for the
treatment of moderate to severe Alzheimer’s
disease lead to liver damage.

This present study was prepared to show
the venomous effect of memantine also
protective effects of antioxidant Vit.E against
side effects of Memantine on liver and kidney
of rats. In this study, memantine is used in a
dose (0.36mg/kg, P.O. once daily for
successive 21 days) to encourage oxidative
stress in rat organs like liver and kidneys, as
evidenced by high significant decline in
antioxidant enzyme activities CAT, SOD and
GPX and high significant rise in MDA
production. Memantine significantly produced
nephrotoxicity and hepatotoxicity as evidenced
by rising in the action of ALT and AST beside
elevation in levels of total bilirubin, direct
bilirubin, and urea.

Our results suggested that administration of
memantine increases kidney parameters like
creatinine, urea, and uric acid compared to
control group. In addition, our
histopathological results in the 1- week pt.,
showed focal necrosis of the medullary renal
tubules associated with leukocytic infiltration.
In the second week, the result showed tubule-
interstitial nephritis represented by marked
mononuclear cell infiltration and in the third
week, tubular basophilia and interstitial
nephritis were noticed.

Our results are in harmony with the results
reported by Ferguson et al., [26] who found
that the public techniques that lead to renal

damage involve exchange in glomerular
hemodynamics,  tubular  cell damage,
inflammation,  deposition  of  crystals,
rhabdomyolysis, and thrombotic

microangiopathy. Our results suggested that
the activities of serum ALT, AST and ALP
were  obviously  increased  following
memantine administration, especially in third
week.

Our histopathological results in the First
week pt., the liver showed centrolobular
hypertrophy of the hepatocytes and periportal
vacuolation of hepatocytes. In the second
week showed numerous apoptotic cells,
hepatic steatosis and single cell necrosis and
diffuse hepatic vacuolation and hepatic

steatosis and increased the apoptotic and
necrotic cells mostly within the centrilobular
area were noticed in the third week. These
results coincided with those obtained by
Micuda et al., [27] who found that rats
administered memantine induced a significant
elevation in hepatic markers (ALP, ALT, and
AST).

Our  results  suggested that  the
administration of Memantine (0.36mg, P.O.
once daily for successive 21 days) have
showed significant decrease on hemoglobin,
red blood cell count (RBC), white blood cell
(WBC), hematocrit (HCT), platelets count
(PLT), Ilymphocyte, mean corpuscular
hemoglobin (MCH), mean corpuscular volume
(MCV) and mean corpuscular hemoglobin
concentration (MCHC). Tanashyan et al., [28]
reported  that It was investigated
the effect Memantine in patients with
cerebrovascular disorders. In vitro studies
showed that Memantine, exhibited antiplatelet
activity. KahlfuR et al., [29] reported that
NMDAR antagonists have profound effects on
T-cell function.

Conclusion

In conclusion, Memantine has some
adverse effects on liver and kidney of rats.
Therefore, Memantine should be used with
caution in people with liver or Kkidney
problems.

Conflict of interest

The authors declare that they have no
conflict of interest.

References

[1] Jaiswal, M.K., Zech, W.D., Goos, M.,
Leutbecher, C., Ferri, A., Zippelius, A.,
Carri, M.T., Nau, R., Keller, B.U.
(2009): Impairment of mitochondrial
calcium handling in a mtSOD1 cell
culture model of motoneuron disease.
BMC Neurosci, 10: 64

[2] Lipton, S.A. (2004): Failures and successes
of NMDA receptor antagonists:
molecular basis for the use of open-
channel blockers like Memantine in the
treatment of acute and chronic
neurologic insults. Neurorx,1(1), 101-
110

231



[3] Aracava, Y., Pereira, E.F., Maelicke, A.,
Albuquerque, E.X. (2005): Memantine
blocks a7* nicotinic acetylcholine
receptors more potently than N-Methyl-
D-aspartate receptors in rat hippocampal
neurons. J Pharmacol Exp Ther, 312(3),
1195-1205.

[4] Rammes, G., Rupprecht, R., Ferrari, U,
Zieglgansberger, W. and Parsons, C.G.
(2001):  The  N-methyl-D-aspartate
receptor channel blockers Memantine,
MRZ 2/579 and other amino-alkyl-
cyclohexane’s antagonize 5-HT (3)
receptor currents in cultured HEK-293
and N1E-115 cell systems in a non-
competitive manner. Neurosci Lett,
306(1-2), 81-84.

[5] Motawaj, M., Burban, A., Davenas, E.,
Arrang, J.M. (2011): Activation of brain
histaminergic ~ neurotransmission:  a
mechanism for cognitive effects of
Memantine in Alzheimer's disease. J
Pharmacol Exp Ther, 336(2), 479-487.

[6] Chen, H.S. and Lipton, S.A. (2006): The
chemical biology of clinically tolerated
NMDA  receptor  antagonists. J
Neurochem, 97(6), 1611-1626.

[7] Kanwar, N.; Khan, M.; Gorden, C.H. and
Carl, L.A. (2013): Haschek and
Rousseauxs Handbook of Toxicologic
pathology (third edition)

[8] Douglas, L. and Blowey, M.D (2005):
Nephrotoxicity of over the counter
analgesics, natural medicines, and illicit
drugs. Adolesc. Med., 16:31-43.

[9] Moritoyo, T., Hasunuma, T. and Harada,
K. (2012): Effect of renal impairment on
the pharmacokinetics of Memantine. J
Pharmacol Sci, 119(4):324-9 21.

[10] Friedman, E.; Grendell, H.; McQuaid, R.
(2003): Current diagnosis & treatment in
gastroenterology. New York: Lang
Medical Books/McGraw-Hill. pp. 664—
679 .

[11] Greenhough, S. and Hay, D.C. (2012):
Stem Cell-Based Toxicity Screening:
Recent  Advances in  Hepatocyte
Generation". Pharm Med, 26 (2): 85-89 .

[12] Sepulcre, J. (2008): "Memantine induces
reversible neurologic impairment in
patients with MS." Neurology, 72:1630-
3.

Bergmeyer, H.U. Horder, M. Rej, R.
(1986) IFCC method for alanine
aminotransferase (L-alanine: 2-
oxogluconate  aminotransferase, EC
2.6.1.2). J Clin Chem Clin.Biochem, 24
481-495 .

[14] Bergmeyer, H.U. Horder, M. Rej, R.
(1986) IFCC method for aspartate
aminotransferase (L-aspartate: 2-
oxogluconate  aminotransferase, EC
2.6.1.1), J. Clin. Chem. Clin. Biochem.
24 497-510 .

[15] Tietz, N.W. Rinker, A.D. Shaw, L.M.
(1983) IFCC methods for the
measurement of catalytic concentration
of enzymes part 5. IFCC method for
alkaline phosphatase (orthophosphoric -
monoester  phosphohydrase,  alkaine
optimum, EC 3.1. 3. 1). J Clin Chem
Clin Biochem, 21 731-748 .

[13]

[16] Pagana, K. D. (1998): Manual of
diagnostic and laboratory tests. St. Louis;
Mosby, Inc.Proc. Soc. Exp. Biol.
Med, 90, 210-213

[17] Ishak, K.; Baptista, A.; Bianchi, L.;
Cellea, F.; De Groote, J. and Gudat, F.;
(1995) Histopathological grading and
staging of chronic hepatitis. J Hepatol,
696-699.

[18] Aebi, H. (1984): Colourmetrical

determination of Catalase
Methods Enzymol, 105:121-126.

[19] Nishikimi, M.; Roa, N.A. and Yogi, K.
(1972): Measurement of superoxide
dismutase. Bioch Btoph Res Commun,
46:849-85.

[20] Paglia, D.E. and Valentine, W.N. (1967):
Studies on quantitative and qualitative
characterization of erythrocyte
glutathione peroxidase. J Lab Clin Med,
70(1): 158-169.

[21] Jacob Filho, W.; Lima, C.C.; Paunksnis,
M.R.R.; Silva, A.A.; Perilhdo, M.S,;
Caldeira, M.; Bocalini, D. and de Souza,
R.R. (2017):Reference database of

activity.

232



hematological parameters for growing
and aging rats. Aging Male. 2017 Jul

11:1-4.

[22] Tamhane, A.C. and Dunlop, D.D. (2000):
Statistics and data analysis from
elementary to intermediate. Upper

Saddle River, USA.

[23] Barbier, O.; Jacquille, G.T.; Tauc, M.;
Cougnan, M. and Poujeol, P. (2005):
Effect of heavy metals on, and handling
by Kidney. Nephro Physical, 99:105-
110.

Adaramoye, O.A.; Osaimoje, D.O;
Akinsanya, M.A. and Fafunso, M.A.
(2008): Changes in  antioxidant status
and biochemical indices after acute
administration of artemether, artemether-
lumefantrine and halofantrine in rats.
Basic Clin Pharmacol Toxicol, 102 (4):
412-418.

[25] Jaeger, J.J. and Hedegaard, H. (2002): A
Review on liver function test: the Danish
Hepatitis. C website.

[26] Ferguson M. A. Vaidya V. S. Bonventre
J. V. (2008): Biomarkers of nephrotoxic

[24]

acute kidney injury. Toxicol, 245:182—

193.
[27] Micuda S, Mundlova L, Anzenbacherova
E (2004): Inhibitory effects of

memantine on human cytochrome P450
activities: prediction of in vivo drug
interactions. Eur J Clin Pharmacol,
60(8), 583-589.

Tanashyan, M. M., Shabalina, A. A.,
Gnedovskaya, E. V., Gan'shina, T. S.,
Kurza, E. V., Maslennikov, D. V., &
Mirzoyan, R. S (2016): antiplatelet and
anti-ischemic effects of memantine and
5-hydroxyadamantan -2-one in patients
with cerebrovascular pathology and in
experiments. Eksp Klin  Farmakol.
;79(2):20-3.

[29] KahlfuB, S., Simma, N., Mankiewicz, J.,
Bose, T., Lowinus, T., Klein-Hessling,
S., et al.,, (2014): Immunosuppression by

[28]

N-Methyl-D-Aspartate Receptor
Antagonists Is  Mediated through
Inhibition of Kv1.3 and KCa3.1l

Channels in T Cells. Mol Cell Biol,
34(5): 820-831.

233



Al paidlall

Ctilasall 3 jLial) Y

G 31 Aaala -5 yand) ) IS L 5] oSLe ) o'
3 paiall daals Alrall IS L ol Sla jlal) and’
G5 el Wl LIS L 1 5SLa ) s’

O pall aildae) ook e @lldy pada Sl (i se g3kal elsa 55 oiibasall 3 Ll DB gl Al all 33 ) el
fis L el a IS (e ol e AT 53 gl 4330 Badd pdl) B0k G (puadl (05 O paS/eaa, YT ) Ao s
SV 5 38 (n Asasi) 3805 anl) il g (go ans IS 0308 s 35 S 5 S ey 350 ol @l 5 Jeaall Jon
O slaasgll (5 sise (8 aliadl 5 (S 5 2SI ey ) (8 aal 5 L)) il ekl M5 (o ) 5 sl pandll Gl
& sia b gl )5 508V il (5 siua 3 mliadl SIS 5 & pall miliall g slianlls sl jeall adll < S 22
@l 4 allslel o cang A IS 8 gl 5 aSh 8l & pedal 38 L L stel) e dilly g | gl ol

RANPREN PR

234



