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] ) Brain structure is always the first bulwark against the drug delivery tools
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acronym NACA in their title. All the papers indicated NACA had a

KEYWORDS: protective effect on toxins-drug toxicity. Most of the papers also reported

that NACA was a great therapeutic option for cataracts and eye disorders.
N-acetylcysteine amide Some studies used NACA for treatment of hematologic problems and
Oxidative stress kidney related disorders. Then, we focused on the neurological
Brain application of NACA. It is well-documented that the bio effects of

o NACA is mediated by antioxidant properties via the —SH group. NACA
Toxicity is more bioavailable and potent than NAC. The lipophilic structure
provides a promising result for NACA when this antioxidant molecule is
used to treat the brain disorders ranging from trauma to toxins and

neurotransmitter toxicity.

Sl 51 Jo g (Sl Ol 3535 g0 (s il 9 ol i ol o
olp M8 ae ) goudl ml 3219
el sl s ol 3l il i 5
el oyl s so Mool ST oISy ctpog) oty o Sy 0US Lol ple 0,57

S

=5 Cagd oy Fidbe Sy ¢ (NACA) ol it Juswohk N ol uae &M ol Gl )3 mpe bl 6 gl oyl sl amas SYMB (layd ) e (Sl ygld ply )3 des (gl 30 ,ls o
s Juol N ="03lg 08 gl lgie 3 a5 8,5 )15 b5yl 590 Allie AY caddllae ol )3 .l 031y LS 350 13 039 4 gilannS] p ie JMBT Loy (sl (63b; cbls &S (NAC) (ptnms JuzwlN
sl ot SIME 5 slyye ol sl e ileys iz Sy NACA o8 15,8 )35 cVlin ity sl Loyl 5 pgons Capmus sl 33 tlilona 31 gty NACA 3l lts &¥lis y550 1l 3grg "1ge]
& st (11 ol bwg NACA ;o pl a8 Conl ok Aitne (995 40 .023,5 35 305 (e i ;> NACA 3,55 69, 2 Lo ¢ pu ool NACA Gosn a8 b laiyo ¥ g Sojolgilen Sk
dogs ol (g3t YOS lay > NACA 058 ol 70155 syl oo Sl sl sl NAC j1 5Vl asd 1B sobo s NACA a8 g g s o] 3985 g0 Ciblusg ~SH 09,5 alasly
ol o mas (la oamdy JES] Cpouw § poew

Copons 530 cg5pmS o yiasl cdpol it itol o) 265 (6 0314

* Corresponding author: ghzafar@yahoo.com
©2023 Islamic Azad University, Urmia Branch. All rights reserved.

This work is licensed under a Creative Commons Attribution 4.0 International License.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

40 Journal of Basic and Clinical Veterinary Medicine

INTRODUCTION

NACA, is a lipophilic derivative of NAC that
has a great antioxidant property [1]. The
structure of NAC and NACA is depicted in the
Figure 1. The hydroxyl group in the carboxyl
functional group of the NAC is replaced by
amide in the NACA [2]. This thiol-based
antioxidant exerts its properties via restoring
of glutathione. The reviewed papers (N= 83)
investigated the mechanism of action,
pharmacokinetics and toxicology of the
NACA. Mechanisms and kinetics evaluation
indicated that scavenging activity of NACA in
aqueous solution is mediated by hydrogen
atom transfer from the —SH site. However, the
source of hydrogen could be both -SH and
CH2 in the non-polar environment [3].
Pharmacokinetic properties of NACA were
analyzed by He et al. They reported that the
bioavailability and glutathione replenishing
capacity of NACA was four time higher than
NAC[4]. Most of the papers evaluated the
protective effect of NANA in the eye diseases,
especially cataracts, where the eye disorders
have been induced by chemical agents. [2, 5,
6]. Nephroprotection, hematological
application, protection against drug toxicity,
radiation and heavy metals were reported for
NACA (Figure 2) [7-11]. Due to the lipophilic
properties, the brain disorder treatment by
NACA was investigated. In this review, we
focused on the application of NACA in the
neurology field. We reviewed the effect of
NACA on brain and spinal trauma. Some
reports supported the effectiveness of NACA
on blood brain barrier disruption. NACA
protects the brain against methamphetamine
neurotoxicity. NACA also affects the
glutamate in the brain as a neurotransmitter.
Some cellular models revealed the mechanism
of NACA in the CNS.

BRAIN AND SPINAL TRAUMA

In 2014, Pandya et al. evaluated the effect of
NACA on traumatic brain injury and found
that a 15-day post-injury treatment improved
the cognitive function and cortical tissue
sparing. They also found that NACA
administration reduced the brain oxidative
damage (after 7 days). Maintaining the
mitochondrial glutathione, proposed as an
underlying mechanism of action [12]. In a
similar study, Zhou et al. showed that NACA
could help the treatment of traumatic brain by
reducing the oxidative stress. However, the
effects were observed less than 3 days and
nuclear factor erythroid 2-related factor 2 was
represented as the mediating pathway [13]. In
another study, administration of 300 mg/kg
NACA reduced a post trauma neuronal
degeneration and apoptosis that mediated by
increasing of the manganese superoxide
dismutase [14]. Patel et al. evaluated the effect
of short and long term NACA administration
on spinal trauma. They found that the effective
dose of NACA is 300 mg/kg in short term. In
addition, continuous NACA (150 or 300
mg/kg/day) treatment starting at 15 min post-
injury for one week increased the tissue
sparing at the injury site [15].

BLOOD BRAIN BARRIER

The blood brain barrier is an essential factor for the
central nervous system, and any disruption in its
integrity is associated with diseases. Kawoos et al.
disrupted a blood brain barrier in rats and
evaluated the barrier function with Dextran and
imaging technique. They found NACA treatment
at a single dose protected the BBB breakdown
[16]. Administration of HIV proteins including
gpl20 and Tat with methamphetamine could
impair the blood brain barrier via oxidative stress.
The report showed that pretreatment with NACA
restored the oxidative balance and protected the
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Figure 1. The structure of NAC and NACA
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Figure 2. Current knowledge finds NACA as an effective option for a plethora of disorders

brain from toxins and inflammation [17]. The
protective role of NACA against HIV-1 -Tat and
methamphetamine was reported by Zeng et al.
However, besides the antioxidative role, the mTOR
signaling was reported as themediator affected by
NACA [18]. Price et al. showed that dHIV-1 viral
proteins gp120 and Tat induce BBB impairment by
increases oxidative stress of brain endothelial cells,
which NACA could reduce the deteriorating effect
[19].

METHAMPHETAMINE
NEUROTOXICITY

Methamphetamine also induces oxidative
stress and neurotoxicity in human brain
endothelial cells that is reversed by
NACA [20]. Methamphetamine administration
increases the oxidative stress per se and
damages the liver, kidney and brain, which is
antagonized by NACA, 250 mg/kg body
weight. The authors concluded that oxidative

stress was the underlying mechanism in this
situation [21]. More recently, Koriem et al.
proposed that besides oxidative stress, the
protective  effect of NACA  against
methamphetamine was mediated by DNA and
other genetic factors such as proteins
disappearance [22]. Protein's disappearance
occurred in  post treatment  protein
electrophoresis analysis.

GLUTAMATE

Glutamate, a neurotransmitter, can induce
neuron cell death after hyperglycemia,
ischemia, and hypoxia via increasing the lipid
peroxidation and oxidative stress. Penugonda
et al. indicated that NACA protected
PC12 neuronal cell line against the glutamate
cytotoxicity that was mediated by restoring
glutathione levels [23]. Glutamate and lead co
administration induces the PC12 cell death via
simultaneous oxidative stress and ATP
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depletion. NACA mitigates glutamate and lead
cotoxicity [24]. On the other hand, maintaining
the glutamate levels in the synaptic space
reduces the craving in cocaine addicts during
starvation. In this term, NACA increases the
glutamate and helps the addict person to avoid
drug. The increased glutamate levels are
mediated via cysteine-glutamate antiporters
[25]. Behavioral study, biochemical and
histological analysis revealed that the
protective effect of NACA against paraquat-
induced neurotoxicity in a rat model. The
paraquat toxicity is dependent on oxidative
stress; the protective effect of NACA is
mediated by antioxidant properties. Not only
total glutathione but also antioxidant enzymes
including superoxide dismutase, glutathione
peroxidase and catalase are targeted [26].

OTHER MODELS AND MECHANISMS

The protective effect of NACA is confirmed in the
microphysiological neurology model [27].
Differentiation of stem cells to the dopaminergic
neurons which harboring a mitochondrial
dysfunction provides a model that mimics
mitochondrial diseases. In this model, NACA was
considered as a promising potential therapy for
neurological-mitochondrial diseases [28]. Perinatal
asphyxia damages the brain by oxidative stress and
inflammation [29]. Animal study showed that
NACA exerts neuroprotective effects by reducing
inflammatory markers such alL-18 and TNFa and
the transcription factor NF-Kb [30]. In another
study, they found that the protective effects of
NACA against perinatal asphyxia are mediated by
inhibiting proteolytic activity [28]. In addition, the
behavioral study in zebrafish showed that
NACA had anxiolytic effects which was more
effective than NAC [31].

CONCLUSION

In conclusion, the bio effects of NACA is based on
its antioxidant properties that is not different from
NAC in mechanism of action. However, the
bioavailability and potency of NACA is

significantly higher than NAC. Due to the
lipophilic structure of NACA and observed
experiments, this drug exerts promising effect on
brain disorders ranging from trauma to toxins.
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