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ABSTRACT

Objectives: N-acetylcysteine (NAC) is a well-known antioxidant 
and mucolytic agent with emerging evidence suggesting 
its neuroprotective properties. This study investigates the 
potential of NAC to enhance memory in an animal model, 
exploring its repurposing for cognitive enhancement. 
Methods: Adult male Albino Wistar rats weighing 200±20g 
were orally administered NAC at the dose of 25, 50 and 100mg/
kg. On day 0, rats underwent training in the Morris Water Maze 
(MWM) and familiarization in the Novel Object Recognition 
(NOR) test. Following administration of water or respective NAC 
doses, memory performance was assessed using the MWM 
test, measuring acquisition, retention and consolidation. The 
NOR test was also conducted to evaluate recognition memory. 
Additional behavioral assessments included the open field, 
Skinner’s box, light-dark activity box, elevated plus maze, 
and forced swim test were also performed. Rats were then 
decapitated; brain samples were isolated and stored at -70°C 
until analysis by HPLC-EC. Results: NAC administration showed 
a dose-dependent improvement in memory performance in 
both the MWM and NOR tests. Behavioral activities indicated 
enhanced cognitive function and reduced anxiety-like 
behaviors post-NAC administration. Neurochemical analysis 
of brain samples revealed changes in dopamine and serotonin 
metabolism. Conclusion: NAC demonstrates capacity for 
memory enhancement and cognitive improvement, with 
effects measured via several behavioral assessments. Findings 
may help in extending therapeutics in cognitive disorders.

Keywords: N-acetylcysteine, Memory Enhancement, 
Neuroprotection, Oxidative Stress, Cognitive Function, Animal 
Model
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INTRODUCTION

N-acetylcysteine (NAC) is usually used as a mucolytic agent 
in treating chronic obstructive pulmonary disease and 
cystic fibrosis [1]. It is a popular antidote for paracetamol 
(acetaminophen) overdose, because it restores intracellular 
glutathione, an essential antioxidant that neutralizes toxic 
metabolites of paracetamol, preventing liver damage [2]. 
NAC is known for its extremely good protection profile, with 
no toxicity typically related to large doses of other drugs/ 
substances. The antioxidant properties of N-acetylcysteine 
(NAC) offer a biochemical foundation in treating diverse 
situations associated with oxidative stress and inflammation 
[3]. These properties enable NAC to combat the harmful results 
of reactive oxygen species (ROS) and reduce inflammatory 
responses, making it a promising healing agent for 
neurodegenerative, cardiovascular, and psychiatric disorders 
[4]. NAC’s large therapeutic capability is supported through 
its capacity to modulate redox potential and inflammatory 
pathways, emphasizing its role in addressing pathological 
conditions wherein oxidative stress are potential contributing 
factors [5].

NAC is a thiol compound recognized for its capability to 
stimulate the property of cytosolic enzymes critical for the 
regeneration of glutathione (GSH), a critical antioxidant inside 
the body. Additionally, NAC acts as a direct precursor for GSH 
synthesis, thereby improving the body’s antioxidant potential 
[6]. Beyond its well documented antioxidant role, NAC has 
the precise capability to cross the blood-brain barrier. These 
functions may allow NAC induced increased GSH levels within 
the brain, as suggested in preclinical trials, thereby exerting 
its protecting effects in the central nervous system. Moreover, 
NAC has been shown to offer a whole lot of neuroprotective 
effects in numerous neurological preclinical models. It enables 
safety in reaction to oxidative stress via neutralizing reactive 
oxygen species and lowering oxidative damage to neurons 
[7,8]. NAC also has the functionality to chelate heavy metals, 
that could make contributions to neurotoxicity. By influencing 
glutamate neurotransmission, NAC permits stability of 
excitatory and inhibitory neurotransmitters in the mind, 
which is crucial for regular cognitive functions. Additionally, 
NAC has been mentioned to decrease inflammatory markers, 
thereby decreasing neuroinflammation, a common observed 
in diverse neurological disorders brought about by oxidative 
stress [9].

NAC’s functionality to inhibit apoptosis, or programmed cell 
death, in addition underscores its neuroprotective ability. 
It enhances neurogenesis which is important for preserving 
cognitive abilities and repairing brain damage. Furthermore, 
NAC promotes neuronal survival through supporting general 
health and characteristics of neurons. These numerous 
mechanisms of action spotlight NAC’s restoration capacity in 
treating a vast variety of neurological conditions, as evidenced 
through preclinical trails [10,11]. Glutathione (GSH) performs 
a pivotal role in the antioxidant action of NAC because of 
the fact it is a robust antioxidant and a critical cofactor for 
several antioxidant enzymes that defend cells from free 
radical damage. By replenishing GSH levels, NAC enhances cell 
protection in response to oxidative stress, thereby mitigating 
damage from reactive oxygen species (ROS) [12]. As previous 
studies suggested that 2-cyclohexene-1-1 (CHX) can impair 
short-term spatial memory in rats and mice, however NAC has 
the capacity to restore GSH levels and alleviate those cognitive 
deficits [13].

Due to its neuroprotective results, NAC may also offer 
protection in the direction of a whole lot of neurodegenerative 
situations consisting of Parkinson’s, Alzheimer’s, stroke, and 
multiple sclerosis (MS). NAC’s efficacy in these conditions 
may be attributed to its role as a precursor to glutathione, 
mediating its anti-inflammatory and antioxidant capabilities. 
As a precursor to GSH, NAC helps maintain redox stability and 
supports the function of antioxidant enzymes, that is critical 
in neuroprotection [14]. Additionally, its anti-inflammatory 
results help to lessen neuroinflammation, that is a common 
characteristic of many neurodegenerative illnesses. Animal 
studies have set up tremendous promise for NAC in restoring 
cognitive overall performance, even in conditions where the 
pathophysiology of β-amyloid, a hallmark of Alzheimer’s 
diease, remains unchanged. This shows that NAC’s therapeutic 
potential goes beyond its antioxidant potential, probably 
related to modulation of various pathways implicated in 
cognitive feature and neurodegeneration [15]. Furthermore, 
research shows that NAC, when used as an adjuvant 
therapy, can also help to increase the lifespan of dementia 
patients. Its capability to maintain antioxidant defenses and 
reduce toxicity may additionally slow down the progression 
of neurodegenerative strategies, thereby enhancing 
fundamental cognitive profile of these patients [16]. This 
multifaceted method highlights NAC’s capability as a versatile 
healing agent for the management of neurodegenerative 
diseases and cognitive decline. NAC can be administered 
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orally and optimum plasma concentration (Cmax) of NAC is 
received after 1-2 hours after oral administration because of 
fast absorption in the gastrointestinal system. NAC has an 
anticipated 6 hour t½ [17]. Understanding the mechanisms via 
which NAC exerts its outcomes on memory ought to pave the 
way for its use as a restoration agent in the remedy of cognitive 
impairments related to neurodegenerative disorders.

Serotonin and dopamine play significant roles in the 
memory enhancement consequences of NAC. NAC affects 
the serotonergic levels that would affect stress, anxiety 
and cognitive abilities, thereby indirectly assisting memory 
formation [18]. NAC has been reported to increase dopamine 
release and inhibit the adverse consequences of 6-OHDA 
on the expression of tyrosine hydroxylase [19]. Dopamine is 
a critical neurotransmitter concerned in diverse cognitive 

methods, along with learning, memory, and cognitive features. 
NAC also protects dopaminergic neurons from oxidative 
pressure, that’s crucial for preserving synaptic plasticity and 
neurotransmission [20]. By enhancing dopamine signaling, 
NAC may additionally enhance memory formation and 
retrieval, thereby contributing to its capability as a therapeutic 
agent for cognitive enhancement.

The present study was designed to explore the efficacy 
of NAC in enhancing memory and cognitive functions in 
an animal model, particularly its effects on dopamine and 
serotonin metabolism. Using behavioral assessments and 
neurochemical evaluation, we monitored NAC’s potential as 
a cognitive enhancer. Findings intend to offer implications 
for the improvement of treatment strategies for cognitive 
disorders.

 Proposed mechanisms of N-acetylcysteine (NAC) for memory enhancement

MATERIALS AND METHODS

Animals

Albino-Wistar rats (200±20 g) purchased from HEJ Research 
Institute of Chemistry, University of Karachi, Pakistan were 
housed individually in the perspex housing cages. Animals 
were placed in environmentally controlled room under a 12:12 
h light/ dark cycle (lights on at 6:00 hr). An acquisition phase 
of three days was allowed for familiarization. All experiments 
were performed in accordance with NIH suggestions and 

permitted by means of the Institutional Ethics and Animal 
Care Committee (approval number: KU-12072023).

Drug and Doses 

N-acetylcysteine (Sigma, St. Louis, USA) was dissolved in saline 
(0.9% NaCl solution) and administered orally at the dose of 
25mg/kg, 50mg/kg and 100mg/kg to respective rats. Drug 
solution was freshly prepared each day before starting the 
experiment. Water was administered to the control rats orally 
at the dose of 1ml/kg.
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Experimental Protocol

Twenty-four male Albino Wistar rats were randomly 
assigned to four groups each containing six rats: (i) water, 
(ii) acetylcysteine (25mg/kg), (iii) acetylcysteine (50mg/kg) 
and (iv) acetylcysteine (100mg/kg) treated rats. Doses were 
selected in line with the other studies reporting no toxicity 
within this range [21]. On day 0 (training day) rats were 
trained in Morris water maze with a cut off time of 5min. Rats 
were familiarized with the familiar object in novel objection 
recognition test only with a cut off time of 10min. Rats failing 
to reach the platform within 1 min were introduced to the 
platform and allowed to explore it for 30 secs and the rats with 
no recognition of the object were made to sniff the object to 
get familiarized. On day 1, rats were administered with water 
(1ml/kg) or acetylcysteine (respective dose). Memory revival 
was monitored through Morris water maze test. Parameters 
included; training (24hr pre-injection), acquisition (1hr 
post-injection), retention (24hr post-injection) probe test/ 
consolidation (48hr post-injection). and novel objection 
recognition test was also performed to assess recognition 
memory. Activities in open field, Skinner’s box, light dark 
activity box, elevated plus maze and forced swim test were 
also monitored post acetylcysteine administration. Rats were 
decapitated 24hr post administration. Brain samples were 
collected and stored at -70°C until neurochemical analysis by 
HPLC-EC.

Behavioral Procedures

Activities in the familiar environment of Skinner’s box

Transparent Perspex cages (26×26×26 cm) with a saw dust-
covered floor were used to monitor activity in a familiar 
environment. Rats were placed individually in these cages to 
become familiar with the environment. Fifteen minutes later, 
the animals were administered drugs or water. The number 
of cage crossings was counted 5 min postinjection for 10 min 
[22].

Activities in a novel environment of open field

A square area (76×76 cm) with walls 42 cm high was used 
to monitor activity in a novel environment. The floor of the 
apparatus was divided by lines into 25 squares of equal size. 
Animals were injected with drug or vehicle and placed in 
the central square of the open field immediately after the 
injection. The numbers of squares crossed with all four paws 

were counted for 5 min [23].

Elevated plus maze test

Procedure was same as described earlier [24]. Elevated plus-
maze is a cross shaped maze that has two open arms and 
two close arms enclosed by sides, but with an open roof. 
The entire maze is elevated 50cm above the floor. Rodent’s 
unconditioned aversion to light and open spaces contribute to 
its effectiveness as a test for anxiety. Test involves placement 
of animal in the center of maze and observing the number of 
entries and time spent in open/fear inducing arm.

Light dark activity box

Specifically designed two Perspex compartments of equal 
dimensions (26x26x26 cm) were used to monitor the 
activity. One compartment was transparent and other was 
black walled with an entry between them. Experiment was 
conducted in a separate room. To determine light and dark 
field activity, an animal was taken out from home cage and 
placed for the first time in the light compartment. Number of 
entries in light compartment and time spent in the light and 
dark compartments were monitored for 5 minutes [25].

Forced swim test

Specifically designed two Perspex compartments of equal 
dimensions (26x26x26 cm) were used to monitor the 
activity. One compartment was transparent and other was 
black walled with an entry between them. Experiment was 
conducted in a separate room. To determine light and dark 
field activity, an animal was taken out from home cage and 
placed for the first time in the light compartment. Number of 
entries in light compartment and time spent in the light and 
dark compartments were monitored for 5 minutes [26]. 

Morris water maze test

The procedure of the Morris water maze test was essentially 
same as described before [27]. Animals were trained to locate 
the hidden platform in the water maze 1hr post injection. 
After training, animals were placed back in their home cages. 
Learning acquisition was monitored as latency to locate the 
platform. Tests for memory acquisition were monitored for 
1hr post training and immediately after drug administration. 
While memory retention and extinction were monitored 
for 1hr and 6hr post injection respectively. Probe test was 
performed without platform and time taken to reach the 
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target quadrant was monitored. Memory reconsolidation was 
monitored 24hr post previous injection and immediately after 
next drug administration.

Novel object recognition test

For the novel object recognition test the apparatus used was 
an open arena of (50 × 50) with 42 cm high walls. Procedure 
was same as described earlier [28]. To saturate it with olfactory 
stimuli, cleaning of box was not allowed throughout the 
experiment. The objects to be discriminated were two glasses; 
one was filled with white cement (used as familiar object) to 
make it heavy enough so that rats could not be able to move it, 
and a metallic colored object (used as a novel object). The size 
of the objects was 2.5 times the size of the rat so that the rat 
could easily sniff it. During the first training session individual 
rat was permitted to explore the open field arena for 10min, 
so that the animal was familiarized to the environment. After 
a delay of 24 hours second training session was performed. 
During this session two similar novel objects were placed in 
testing area and animals were allowed to explore them for 
10 min. After the delay of 24 hours the retention test was 
performed in which the animal was positioned back into the 
similar environment the only difference is that one of the 
familiar objects (used in training session was now replaced by 
a novel object and each animal was given a maximum of 10 

min to accumulate 30 seconds of object exploration.

Statistical Analysis

Results are given as means±SD. Analysis of the data was 
performed by one-way/ two-way ANOVA, wherever applicable. 
Post hoc comparisons were done by Tukey’s test. Values of 
p<0.01 were considered statistically significant.

RESULTS

Figure 1 shows dose dependent effects of NAC on exploratory 
activities in familiar as well as novel environments. Analysis 
of the data on activities in familiar environment (Figure 1a) 
by one-way ANOVA showed significant effects of different 
doses of NAC (df= 3,20; F= 102.56; p= 0.0001) on exploratory 
activities. Post hoc analysis by Tukey’s test showed increased 
(p<0.01) activity in rats administered with NAC at all three 
dose as compared to 0mg/kg treated rats. Analysis of the 
data on activities in novel environment (Figure b) by one-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,20; F= 92.36; p= 0.0001). Post hoc analysis by Tukey’s 
test showed increased (p<0.01) activity in rats administered 
with NAC at the dose of 50mg/kg as compared to both 0mg/
kg as well as 25mg/kg NAC treated rats.

 

Figure 1. Dose dependent effects of NAC on exploratory activities in familiar as well as novel 
environments. Values are means±SD (n=6). Significant differences by Tukey’s test: *p<0.01 as compared to 
0mg/kg NAC treated rats; +p<0.01 as compared to 25mg/kg NAC treated rats, following one-way ANOVA.

Figure 2 shows dose dependent effects of NAC on elevated 
plus maze activity. Analysis of the data on entries in arms 
(Figure 2a) by two-way ANOVA showed significant effects of 
different doses of NAC (df= 3,40; F= 92.36; p= 0.0001), arms 
(df= 1,40; F= 68.23; p= 0.0001) and interaction between the 
two (df= 3,40; F= 92.36; p= 0.0001). Post hoc analysis by 

Tukey’s test showed increased (p<0.01) entries (in open arm) 
at all three doses of NAC as compared to respective entries 
(in close arm) values as well as compared to 0mg/kg NAC 
treated rats. While entries (in open arm) were also greater 
(p<0.01) in 50mg/kg NAC treated rats as compared to 25mg/
kg NAC treated rats. Entries (in closed arm) at all three doses 
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of NAC as were decreased (p<0.01) as compared to respective 
entries (in close arm) by 0mg/kg NAC treated rats. Analysis 
of the data on time spent in arms (Figure 2b) by two-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,40; F= 96.32; p= 0.0001), arms (df= 1,40; F= 86.49; p= 
0.0001) and interaction between the two (df= 3,40; F= 68.52; 
p= 0.0001). Post hoc analysis by Tukey’s test showed increased 
(p<0.01) time spent (in open arm) at all three doses of NAC 

as compared to respective time spent (in close arm) values 
as well as compared to 0mg/kg NAC treated rats. While time 
spent (in open arm) was also greater (p<0.01) in 50mg/kg 
NAC treated rats as compared to 25mg/kg NAC treated rats. 
Time spent (in closed arm) at all three doses of NAC as were 
decreased (p<0.01) as compared to respective time spent (in 
close arm) by 0mg/kg NAC treated rats.

Figure 2. Dose dependent effects of NAC on elevated plus maze test. Values are means±SD (n=6). Significant 
differences by Tukey’s test: *p<0.01 as compared to closed arm; +p<0.01 as compared to 25mg/kg NAC treated 

rats, #p<0.01 as compared to 0mg/kg NAC treated rats, following two-way ANOVA.

Figure 3 shows dose dependent effects of NAC on light dark 
box activity. Analysis of the data on entries in compartments 
(Figure 3a) by two-way ANOVA showed significant effects of 
different doses of NAC (df= 3,40; F= 68.36; p= 0.0001), arms 
(df= 1,40; F= 82.16; p= 0.0001) and interaction between 
the two (df= 3,40; F= 102.56; p= 0.0001). Post hoc analysis 
by Tukey’s test showed increased (p<0.01) entries (in light 
compartment) at all three doses of NAC as compared to 
respective entries (in dark compartment) values as well as 
compared to 0mg/kg NAC treated rats. While entries (in light 
compartment) in 50mg/kg NAC treated rats were greater 
(p<0.01) than 25mg/kg NAC treated rats. Analysis of the 
data on time spent in compartments (Figure 3b) by two-way 
ANOVA showed significant effects of different doses of NAC 

(df= 3,40; F= 56.25; p= 0.0001), arms (df= 1,40; F= 116.23; p= 
0.0001) and interaction between the two (df= 3,40; F= 84.23; 
p= 0.0001). Post hoc analysis by Tukey’s test showed decreased 
(p<0.01) time spent in light compartment in 0mg/kg treated 
rats as compared to time spent in dark compartment by same 
rats. Time spent in light compartment was increased (p<0.01) 
at 25mg/kg and 50mg/kg NAC treated rats as compared 
to time spent in dark compartment by same rats as well as 
in comparison to 0mg/kg treated rats. Time spent in light 
compartment in 50mg/kg treated was also more (p<0.01) 
25mg/kg NAC treated rats. Time spent in light compartment 
was increased (p<0.01) at 100mg/kg NAC treated rats as 
compared to 0mg/kg treated rats.
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Figure 4 shows dose dependent effects of NAC on forced swim 
test. Analysis of the data on number of jumps (Figure 4a) by 
one-way ANOVA showed significant effects of different doses 
of NAC (df= 3,20; F= 75.36; p= 0.0001). Post hoc analysis by 
Tukey’s test showed increased (p<0.01) jumps in rats treated 
with all three doses of NAC as compared to 0mg/kg NAC 
treated rats. In 50mg/kg and 100mg/kg NAC treated rats 
number of jumps were also increased (p<0.01) as compared 
to 25mg/kg treated rats. Analysis of the data on struggle time 
(Figure 4b) by one-way ANOVA showed significant effects 

of different doses of NAC (df= 3,20; F= 94.82; p= 0.0001). 
Post hoc analysis by Tukey’s test showed increased (p<0.01) 
struggle time in rats treated with 50mg/kg doses of NAC as 
compared to 0mg/kg as well as 25mg/kg NAC treated rats. 
Data on flat body posture (Figure 4c) as analyzed by one-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,20; F= 91.25 p= 0.0001). Post hoc analysis by Tukey’s test 
showed decreased (p<0.01) flat body posture in rats treated 
with 50mg/kg doses of NAC as compared to 0mg/kg as well as 
25mg/kg NAC treated rats.

Figure 3. Dose dependent effects of NAC on light dark box activity. Values are means±SD (n=6). Significant 
differences by Tukey’s test: *p<0.01 as compared to dark compartment; +p<0.01 as compared to 25mg/kg NAC 

treated rats, #p<0.01 as compared to 0mg/kg NAC treated rats, following two-way ANOVA.

Figure 4. Dose dependent effects of NAC on forced swim test. Values are means±SD (n=6). Significant differences 
by Tukey’s test: *p<0.01 as compared to 0mg/kg NAC treated rats; +p<0.01 as compared to 25mg/kg NAC treated 

rats, following one-way ANOVA.
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Figure 5 shows dose dependent effects of NAC on Morris 
water maze test (time taken to reach platform). Analysis 
of the data on memory acquisition (Figure 5a) by one-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,20; F= 96.32; p= 0.0001). Post hoc analysis by Tukey’s 
test showed decreased (p<0.01) time taken to reach platform 
in rats treated with 50mg/kg NAC as compared to respective 
0mg/kg as well as 25mg/kg NAC treated rats. Analysis of the 
data on memory consolidation (Figure 5b) by one-way ANOVA 
showed significant effects of different doses of NAC (df= 3,20; 
F= 52.36; p= 0.0001). Post hoc analysis by Tukey’s test showed 
decreased (p<0.01) time taken to reach platform in rats treated 
with 50mg/kg NAC as compared to respective 0mg/kg as well 
as 25mg/kg treated rats. Analysis of the data on memory 
retention (Figure 5c) by one-way ANOVA showed significant 

effects of different doses of NAC (df= 3,20; F= 85.36; p= 0.0001). 
Post hoc analysis by Tukey’s test showed decreased (p<0.01) 
time taken to reach platform in rats treated with 50mg/kg NAC 
as compared to respective 0mg/kg as well as 25mg/kg NAC 
treated rats. Time taken to reach platform was also decreased 
in rats treated with 100mg/kg NAC as compared to respective 
0mg/kg NAC treated rats. Data of the probe test (Figure 5d) 
as analyzed by one-way ANOVA showed significant effects of 
different doses of NAC (df= 3,20; F= 91.36; p= 0.0001). Post 
hoc analysis by Tukey’s test showed decreased (p<0.01) time 
taken to reach platform in rats treated with 50mg/kg NAC 
as compared to respective 0mg/kg as well as 25mg/kg NAC 
treated rats. Time taken to reach platform was also decreased 
in rats treated with 100mg/kg NAC as compared to respective 
0mg/kg NAC treated rats. 

Copyright: Oguizu AD, et al.  © (2024). This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

Figure 5. Dose dependent effects of NAC on Morris water maze test (time taken to reach platform). Values are 
means±SD (n=6). Significant differences by Tukey’s test: *p<0.01 as compared to 0mg/kg NAC treated rats; +p<0.01 as 

compared to 25mg/kg NAC treated rats, following one-way ANOVA.
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Figure 6 shows dose dependent effects of NAC on novel object 
recognition test. Analysis of the data on latency to reach 
objects (Figure 6a) by two-way ANOVA showed significant 
effects of different doses of NAC (df= 3,40; F= 85.36; p= 
0.0001), arms (df= 1,40; F= 52.32; p= 0.0001) and interaction 
between the two (df= 3,40; F= 95.36; p= 0.0001). Post hoc 
analysis by Tukey’s test showed increased (p<0.01) time taken 
for novel object recognition in 0mg/kg as well as 100mg/kg 
NAC treated rats as compared to time taken for familiar object 
by the same rats. In 50mg/kg and 25mg/kg treated rats time 
taken to reach novel object in 25mg/kg as well as 50mg/kg 
NAC treated rats was decreased (p<0.01) as compared to 
respective time taken for familiar object as well as 0mg/kg 
NAC treated rats. Time taken to reach familiar object in 25mg/
kg as well as 50mg/kg NAC treated rats was increased (p<0.01) 
as compared to respective 0mg/kg NAC treated rats. Analysis 
of the data on number of attempts (Figure 6b) by two-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,40; F= 79.35; p= 0.0001), objects (df= 1,40; F= 96.36; p= 

0.0001) and interaction between the two (df= 3,40; F= 102.36; 
p= 0.0001). Post hoc analysis by Tukey’s test showed increased 
(p<0.01) attempts for novel object at all three doses of NAC 
treated rats as compared to respective attempts for familiar 
object. In 50mg/kg and 25mg/kg treated rats attempts for 
were increased (p<0.01) as compared to respective 0mg/
kg NAC treated rats. Attempts for familiar object in 50mg/
kg NAC treated rats were increased (p<0.01) as compared to 
respective 25mg/kg NAC treated rats. Analysis of the data 
on exploration time (Figure 6c) by two-way ANOVA showed 
significant effects of different doses of NAC (df= 3,40; F= 
105.36; p= 0.0001), objects (df= 1,40; F= 96.32; p= 0.0001) and 
interaction between the two (df= 3,40; F= 84.36; p= 0.0001). 
Post hoc analysis by Tukey’s test showed increased (p<0.01) 
exploration time for novel object at all three doses of NAC 
as compared to respective familiar object as well as 0mg/kg 
NAC treated rats. In 50mg/kg, treated rats exploration time for 
novel object was greater (p<0.01) than 25mg/kg NAC treated 
rats as well.

Figure 6. Dose dependent effects of NAC on novel object recognition test. Values are means±SD (n=6). Significant 
differences by Tukey’s test: *p<0.01 as compared to familiar object; +p<0.01 as compared to 25mg/kg NAC treated 

rats; #p<0.01 as compared to 0mg/kg NAC treated rats following two-way ANOVA.
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Figure 7 shows dose dependent effects of NAC on dopamine, 
5HT and metabolites in rat whole brain. Analysis of the data 
on dopamine levels (Figure 7a) by one-way ANOVA showed 
significant effects of different doses of NAC (df= 3,20; F= 
215.36; p= 0.0001). Post hoc analysis by Tukey’s test showed 
decreased (p<0.01) levels of dopamine at all three doses of 
NAC as compared to 0mg/kg NAC treated rats. Analysis of the 
data on DOPAC levels (Figure 7b) by one-way ANOVA showed 
significant effects of different doses of NAC (df= 3,20; F= 
156.36; p= 0.0001). Post hoc analysis by Tukey’s test showed 
decreased (p<0.01) levels of DOPAC in rats administered with 
25mg/kg and 100mg/kg NAC as compared to respective 0mg/
kg NAC treated rats. In 50mg/kg treated rats, levels of DOPAC 
were increased (p<0.01) as compared to 25mg/kg NAC treated 
rats. Analysis of the data on HVA levels (Figure 7c) by one-way 
ANOVA showed significant effects of different doses of NAC 

(df= 3,20; F= 154.36; p= 0.0001). Post hoc analysis by Tukey’s 
test showed decreased (p<0.01) levels of HVA at all three doses 
of NAC as compared to 0mg/kg NAC treated rats. In 50mg/
kg and 100mg/kg treated rats, levels of HVA were increased 
(p<0.01) as compared to 25mg/kg NAC treated rats as well. 
Analysis of the data on 5HT levels (Figure 7d) by one-way 
ANOVA showed significant effects of different doses of NAC 
(df= 3,20; F= 256.36; p= 0.0001). Post hoc analysis by Tukey’s 
test showed increased (p<0.01) levels of 5HT in 50mg/kg 
NAC treated rats as compared to 0mg/kg and 25mg/kg NAC 
treated rats. Analysis of the data on 5HIAA levels (Figure 7e) by 
one-way ANOVA showed significant effects of different doses 
of NAC (df= 3,20; F= 258.36; p= 0.0001). Post hoc analysis 
by Tukey’s test showed increased (p<0.01) levels of 5HIAA 
in 25mg/kg and 50mg/kg NAC treated rats as compared to 
respective 0mg/kg NAC treated rats.

Figure 7. Dose dependent effects of NAC on dopamine, 5HT and metabolites (DOPAC: 3,4-Dihydroxyphenylacetic acid; 
HVA: Homovanillic acid; 5HIAA: 5-Hydroxy indoleacetic acid) in rat whole brain. Values are means±SD (n=6). Significant 
differences by Tukey’s test: *p<0.01 as compared to 0mg/kg NAC treated rats; +p<0.01 as compared to 25mg/kg NAC 

treated rats, following one-way ANOVA.

DISCUSSION

The results show that effects of NAC on exploratory activities 
were dose-dependent, as seen in both the Skinner’s box and 
open field (Figure 1). At 25mg/kg, NAC-treated rats exhibited 
a moderate increase in exploratory activity, improving 
overall cognitive performance and reducing anxiety without 
causing hyperactivity. At 50mg/kg, exploratory activities were 
considerably better, suggesting greatest stability among 
cognitive enhancement and stress reduction, which could 

be due to effective neurotransmitter modulation. However, 
at 100mg/kg, even as exploratory activities improved, signs 
of hyperactivity were observed indicating this dose may 
also exceed the suggested therapeutic limit for cognitive 
enhancement. Other studies have reported that NAC improves 
long-term locomotor characteristics by way of ameliorating 
oxidative stress-caused neuronal loss, demyelination, 
leukocyte infiltration and inflammatory mediator expression 
[29].
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The effects of NAC on anxiety-related behaviors were dose-
dependent, as shown in the elevated plus maze test and light-
dark activity box (Figure 2 & 3). At 25mg/kg, NAC-treated rats 
showed a moderate reduction in anxiety, spending more time 
and making more entries in the open arms of the EPM. At 
50mg/kg, the anxiolytic effects were significantly enhanced, 
with rats spending much more time in the open arms and 
showing increased exploratory behavior. However, at 100mg/
kg, although time in the open arms remained high, signs of 
hyperactivity were observed, suggesting overstimulation. 
Similar patterns were seen in the light-dark box test, where 
25mg/kg resulted in mild anxiety reduction, 50mg/kg showed 
substantial anxiolytic effects and increased exploration, but 
100mg/kg dose led to hyperactivity. These findings highlight 
that while NAC has anxiolytic effects, particularly at 50mg/kg 
and higher doses of NAC may lead to overstimulation. This 
emphasizes the need for dose optimization in therapeutic 
applications. These anxiolytic outcomes can be secondary 
to antioxidant results, as different studies have suggested a 
reduction in chronic oxidative strain through the cooperative 
consequences of NAC, vitamin D3, and glutathione, thereby 
achieving a couple of health benefits [30]. NAC has additionally 
been stated to be well tolerated in type 2 diabetes patients, 
improving the scientific signs and symptoms of painful 
diabetic neuropathy because of its antioxidant effects when 
administered for eight weeks [31].

The effects of N-acetylcysteine (NAC) on depressive-like 
behavior in the Forced Swim Test (FST) were dose-dependent, 
affecting immobility time differently at various doses (Figure 4). 
At 25mg/kg, NAC-treated rats showed a modest reduction in 
immobility time, indicating a slight antidepressant-like effects 
likely due to NAC’s antioxidant properties and neurotransmitter 
modulation. At 50mg/kg, the reduction in immobility time 
was more pronounced, with rats exhibiting significantly more 
active coping behaviors, such as increased swimming and 
climbing, suggesting a stronger antidepressant-like effect. 
This improvement is attributed to enhanced dopaminergic 
and serotonergic activity. At 100mg/kg, although immobility 
time was still reduced, signs of hyperactivity, such as excessive 
swimming and frantic movements, were observed, indicating 
potential overstimulation at high doses. These findings 
highlight NAC’s antidepressant-like effects, particularly at 
50mg/kg, and the importance of dose optimization. It has 
been reported that NAC as an antioxidant supplement 
has a potential antidepressant mechanism as assessed in 

forced swim test and compared with selective serotonin 
reuptake inhibitors (SSRIs) as standard antidepressant 
drug. Diminished synaptophysin immunoreactivity in the 
prefrontal cortex samples of NAC treated rats was like that 
seen in fluoxetine. Therefore, they reported a similarity in 
antidepressant profile of NAC and SSRI [32]. Elucidating the 
role of serotonin in antidepressant mechanisms of NAC is 
crucial for optimizing treatment strategies and enhancing 
therapeutic efficacy, particularly in targeting mood regulation 
pathways. Understanding this relationship can also guide the 
development of personalized and more effective treatments 
for depression and related disorders [33-35].

The effects of NAC on cognitive performance in the MWM 
and NOR tests (Figure 5 & 6) showed a dose-dependent 
enhancement in memory and learning. In the MWM test, 
rats treated with 25mg/kg of NAC demonstrated moderate 
improvements in learning and retention, while the 50mg/kg 
dose resulted in significantly faster learning and better spatial 
memory. However, the 100mg/kg dose, although initially 
beneficial, showed reduced performance efficiency, possibly 
due to overstimulation. Similarly, in the NOR test, 25mg/kg 
of NAC improved recognition memory, with the 50mg/kg 
dose yielding even greater enhancements. The 100mg/kg 
dose improved recognition memory compared to controls 
but was less effective than the 50mg/kg dose. The decreased 
effectiveness at this higher dose could be attributed to 
potential side effects such as increased hyperactivity, which 
might distract from focused cognitive tasks. NAC has been 
reported to improve attention, processing speed, memory, 
and executive functioning as an adjuvant therapy with 
guanfacine, in patients with traumatic brain injury [36]. Others 
have also reported broad spectrum of short-term and long-
term cognitive and behavioral improvements in traumatic 
brain injury patients as evident by resting state MRI [37,38]. 
It has also been reported that NAC could act as a modulating 
agent of inflammation in the brain, thereby improving 
memory [39]. Serotonin plays a crucial role in learning and 
memory by modulating synaptic plasticity and facilitating the 
formation and retrieval of memories. Its regulation of mood 
and anxiety also indirectly supports cognitive processes 
[40-43]. However, much literature is not available to support 
direct involvement of serotonin or its receptors in NAC 
mediated memory enhancement. Elucidating the role of 
neurotransmitters, particularly serotonin in NAC’s memory-
enhancing mechanism is essential for optimizing therapeutic 
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strategies and understanding its comprehensive effects 
on cognitive function. This insight can improve targeted 
treatments for memory-related disorders.

The results from the present study on the effects of NAC on 
dopamine and serotonin metabolism in rat brains revealed 
dose-dependent changes in neurotransmitter levels and their 
metabolites (Figure 7). At 25mg/kg, NAC moderately increased 
dopamine and its metabolites (DOPAC and HVA) and slightly 
elevated serotonin (5HT) and its metabolite (5HIAA), indicating 
enhanced neurotransmitter activity that supports cognitive 
functions and mood stability. At 50mg/kg, these effects 
were more pronounced, with significant increases in both 
dopamine and serotonin levels, correlating with improved 
cognitive performance observed in behavioral tests. However, 
at 100mg/kg, the increases in neurotransmitter levels were 
not as pronounced as those at 50mg/kg, suggesting possible 
dysregulation due to overstimulation. This underscores the 
importance of dose optimization, with 50mg/kg identified 
as the most effective dose for enhancing dopaminergic and 
serotonergic activity, thereby supporting cognitive function 
and mood regulation. Other studies have reported that NAC 
has a neuroprotective role in SH-SY5Y cells exposed to 6-OHDA 
by maintaining cell proliferation and decreasing apoptosis. 
Additionally, it was also validated that NAC treatment increases 
dopamine release and protects SH-SY5Y cells against 6-OHDA 
dysregulations on the proteins TH, VMAT2, and α-synuclein 
[44]. However, it was not related to improvement in memory/ 
cognitive profile. Apart from memory disorders, NAC has been 
reported to reveal promising perspectives in preserving the 
dopaminergic system capability and modulating Parkinson’s 
and related disorders mechanisms. Although NAC has been 
shown to act as an antioxidant and (neuro)protector of the 
brain, it has yet to be acknowledged how this repurposed 
drug can improve motor symptomatology. Results from a 
study revealed that NAC could potentially enhanced viability 
of dopaminergic neurons and may possibly restore dopamine 
transporter levels [45].

Serotonin (5HT) plays a crucial role in learning and memory 
by modulating synaptic plasticity, which is essential for 
the formation and strengthening of neural connections. 
5HT influences the activity of key brain regions involved in 
memory processing, such as the hippocampus and prefrontal 
cortex [46-48]. It enhances long-term potentiation (LTP), 
a cellular mechanism underlying learning and memory, 
thereby facilitating the encoding and retrieval of information 

[49]. Additionally, serotonin’s regulation of mood and 
emotional states helps cognitive functions by developing a 
greater conducive environment for memory approaches. Its 
involvement in neurogenesis, particularly in the hippocampus, 
similarly underscores its importance in preserving cognitive 
improvement [50]. In line of the present findings, NAC at 
a dose of 50mg/kg produced a slight elevation in 5HT and 
its metabolite 5HIAA, indicating improved serotonergic 
transmission. This development correlated with the memory-
enhancing outcomes of NAC at that dose, suggesting that 
the enhancement of serotonergic pastime can be a key 
mechanism underlying the cognitive benefits observed with 
this treatment. Thus, NAC’s capability to boost serotonin levels 
could appreciably make contributions to its effectiveness in 
improving learning and memory.

CONCLUSION

This study demonstrated that NAC has prevalent potential for 
boosting memory and cognitive features in animal models. 
The administration of NAC at doses of 25mg/kg, 50mg/kg, 
and 100mg/kg confirmed dose-dependent improvements 
in numerous behavioral exams, along with the Morris water 
maze and novel object recognition test. The 50mg/kg dose 
produced the maximum reported advantages in spatial 
learning, recognition memory, and stress reduction, indicating 
the most excellent balance between efficacy and outcomes. 
Neurochemical analyses through HPLC-EC revealed that 
NAC administration increased the levels of dopamine and 
serotonin, as well as their respective metabolites, DOPAC, 
HVA, and 5HIAA. These findings endorse that NAC’s memory-
improving effects are likely mediated through better 
dopaminergic and serotonergic transmission. The elevation 
of neurotransmitters at the dose of 50mg/kg dose correlated 
nicely with behavioral improvements, highlighting the role of 
those pathways in cognitive enhancement. Overall, this study 
supports the repurposing of NAC as a potential therapeutic 
agent for memory enhancement. Its capability to modulate key 
neurotransmitter functions and enhance cognitive features 
underscores its promise for treating neurodegenerative 
illnesses and cognitive impairments. The findings from the 
present study are limited due to the use of an animal model, 
which may not fully replicate human memory and cognitive 
processes, potentially affecting the translatability of results. 
Additionally, future studies focusing the long-term effects of 
NAC are needed of understanding the sustained impact and 
safety of prolonged N-acetylcysteine administration.
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