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Abstract

Nicotiana tabacum is a neurotoxic plant shown to affect learning and memory but its underlying
mechanisms remain incompletely understood. We investigated the effects of methanol leaf extract of
Nicotiana tabacum on short-term memory using Y-maze and novel object recognition test for both
spatial and non-spatial memory. A total of twenty adult male Wistar rats were assigned into four
groups of five animals each. Group 1 was administered with 1 mg/kg of distilled water, group II was
administered with 150 mg/kg methanol leaf extract of Nicotiana tabacum, group III was administered
with 300 mg/kg methanol leaf extract of Nicotiana tabacum and group IV was administered with 600
mg/kg methanol leaf extract of Nicotiana tabacum. The administration was done using orogastric tube
for a period of twenty one days and the Wistar rats were subjected to Y-maze behavioral test and novel
object recognition test at the last day of administration. At the end of the experiment, the Wistar rats
were sacrificed using ketamine. The harvested brains were fixed in Bouin’s fluid for histological
assessment using Haematoxylin and Eosin stain. Data obtained were analyzed using Graph Pad Prism
Version 8.0.2. The results for Y-maze showed no significant difference in the treated groups when
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compared to the control. Also, the discriminative index in the novel object recognition test revealed a
significant decreases in group IV when compared to the control. However, histological observation
revealed neuronal degeneration such as chromatolysis, karyolysis, pyknosis, karyorehexis, necrosis and
vacuolation in the treated groups when compared to the control. The outcome of this study suggested
that methanol leaf extract of Nicotiana tabacum affect the non-spatial working memory.
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INTRODUCTION

Memory is the cognitive process by which information is encoded, stored, and subsequently
retrieved for use at a later time. Short-term memory is a temporary storage system that holds
information for a brief period, typically lasting only a few seconds to minutes. Short-term
memory is a transient form of memory, where stored information is not permanent and is
typically lost after a brief period. Short-term memory is characterized by recollection about 5
to 10 items for a few seconds to a few minutes (Atkinson et al., 2011). Individuals with strong
memory capabilities typically exhibit enhanced learning abilities. Individual are able to
continuously store information they receive through memory. Without memory, the
individual is impossible to reflect on himself, because self-understanding is very dependent
on a continuous awareness, which can only be accomplished in the presence of memory
(Siregar and Kaban, 2018). Learning is a behavioral modification following an experience
while memory involves the retention of the modification (Riedel et al., 2003).

Tobacco causes addiction and dependence but it has many practical folklore traditional
medicinal uses (Sairam et al., 2001). If it is used in positive ways it had the power to heal and
protect; but if misused, it had the power to harm (Giannopoulou et al., 2003). It possesses
various pharmacological activities (Greer and Poulson, 1983). Traditionally, tobacco plant is
well known as taba in hausa, utaba in igbo and ewe taba in yoruba. Ayurvedic
pharmacological system have established that Nicotiana tabacum promote peristaltic
movements and increases digestive fire and enzymatic metabolisms. Nicotiana tabacum has
been established in the treatment of urinary track disorder and disease associated with urinary
bladder. It is characterized by a bitter and pungent taste, at moderate dosing, it can be used
in alleviating cough, asthma and itching. It is highly beneficial as an analgesic and employed
in dental pain, pain associated with reproductive organ and pain associated with eye. It can
diminish the poison of scorpion bite and related swelling (Shastry and Vidyotini, 1999). The
clever uses of this drug are potent in narcotic, induces vertigo, reduces vision and emetic.
Nicotiana tabacum has been used as antispasmodic, irritants, discutients, diuretic, emetic,
expectorant, sedative, sialagogue and in homeopathy.

Some other activities reported for Nicotiana tabacum are: analgesic activity, anesthetic activity,
angiogenesis inhibition, antibacterial activity, anti-convulsant activities, anti-hemintic effect,
antifungal activity, anti-glaucoma activity, anti-nociceptive activity, anti- Alzheimer’s
activity, antioxidant activity, anti-stress effect, antiviral activity, aromatase inhibition,
arrhythmogenic effect, carcinogenic activity (Adeleye et al., 2008; Anita et al., 2008; Anne et al.,
1994; Asaad et al., 2014; Bhat et al., 1985; Maxwell and Omeh, 2010; Roud and Ou, 2004; Sandra
et al., 2019; Zaidi et al., 2012), Nicotine, being the major constituent of tobacco (Fowles, 2003)
is used for treatment of Alzheimer disease, depression and anxiety, schizophrenia, attention
deficit hyperactivity disorder, pain, and obesity (Binorkar and Jani, 2012).

The hippocampus is a complex brain structure embedded deep in the temporal lobe of the
cerebral cortex play major role in memory and learning, spatial navigation, emotional

behavior and regulation of hypothalamic functions (Stella et al., 2012). The dentate gyrus is an
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important subdivision of the hippocampus responsible for memory formation and
recognition of new environment (Wahab et al., 2025a). Alteration in the basic structure of the
hippocampus due to neurotoxin had been linked to brain and psychiatric disorder. Hence, the
study aimed to demonstrate the effect of methanol leaf extract of Nicotiana tabacum on short-
term memory in Wistar rats.

MATERIALS AND METHODS

Ethnical Approval
Ethical approval for this research was obtained from the Ahmadu Bello University Ethical
Review Committee with approval number ABUCAUC/2021/120.

Plant Material

Fresh Nicotiana tabacum (tobacco) leaves was obtained from local farm in Zaria, Kaduna State,
Nigeria. Authentication of the leaves was done by the Plant Taxonomist, at the Department
of Biological Sciences, Faculty of Life Sciences, Ahmadu Bello University, Zaria, Nigeria.

Drugs

Olive Oil (Goya extra virgin cooking oil) 250ml manufactured by Evans Industry Limited,
Nigeria was purchased at Samaru market, Zaria and was used in combination with Tween 80
to dissolved MLNT.

Tween 80: Tween 80 manufactured by Hail hang Industry, China was obtained from
Department of Human Anatomy, Ahmadu Bello University, Zaria.

Ketamine: Ketamine manufactured by Tag pharmaceutical limited, India was obtained from
reputable pharmaceutical shop at Zaria and was used as an anesthesia.

Plant Extract Preparation

The preparation of methanol leaf extract of Nicotiana tabacum was conducted in the
Department of Pharmacognosy and Drug Development, Faculty of Pharmaceutical Sciences,
Ahmadu Bello University, Zaria. The method of maceration as reported by Wahab et al., 2023
was adopted:

The leaves were air-dried in a controlled environment and subsequently ground into a fine
powder using a laboratory mortar and pestle. About 600 g powdered material was saturated
in absolute methanol and was allowed to stand for a period of eight days after which the
solution was subsequently filtered using a funnel. The filtrate was transferred into
evaporating dish which was allowed to stand for three days so as to allow the solvent to
evaporate. The percentage yield obtained was 16.66%.

Experimental Animals

A total of twenty adult male Wistar rats (150 to 200 g) were obtained from Animal House of
the Department of Pharmacology and Therapeutic, Faculty of Pharmaceutical Sciences
Ahmadu Bello University, Zaria and housed in plastic cages (40cm x 35 cm) of five Wistar rats
each. The Wistar rats were acclimatized for two (2) weeks prior to the commencement of the
experiments. They were fed with grower pelletized feed and the rats were provided with tap
water ad libitum.

Table 1: Experimental Design (adopted from Wahab et al. (2025a))

GROUPS DOSES DAYS
A Distilled water 21
B 150 mg/kg MLNT 21
C 300 mg/kg MLNT 21
D 600 mg/kg MLNT 21
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Neuro-Behavioral Tests

Short term memory was assessed using Y-maze and novel object recognition test (NORT).
Behavior was quantified by the observer using a stopwatch; all animals within each group
were tested on the same day to ensure consistency. All the neurobehavioral test was carried
24 hours after the last administration.

Y-Maze

Y-maze apparatus is used to assess hippocampal-dependent short-term spatial recognition
memory. The Y-maze apparatus consists of three arms intersecting at 120-degree angles, with
two of the arms having equal dimensions. (15 cm x 7 cm x 12 cm) and 1 longer arm (20 cm x 7
cm x 12 cm), with multiple extra-maze cues.

In the initial phase, the rat was positioned at the end of the start arm, oriented toward the wall
and away from the central junction. Then, the rat was allowed to explore two arms of the Y-
maze, with access to the third arm restricted. Following the sample trial, the rat was returned
to its home cage for a 30-minute inter-trial interval to allow for memory consolidation.

In the second phase, remove the block in the third arm, then place the rat into the start arm,
and then allow it to access all three arms of the maze (Andrea et al., 2016). In phase two, the
rats were expected to preferentially explore the novel arm with greater frequency compared
to the familiar arm. A lower frequency of exploration in the previously visited arm indicates
enhanced memory performance.

The frequency of exploration of 3 consecutive arms (A, B, and C) is considered as an actual
alternation. Percentage alternation was calculated as: (actual alternation/maximal
alternation — 2) x100. Also, all numbers of entries were recorded (Yau et al., 2007).The time
given in each phase is 5 minutes (Andrea et al., 2016) and maximal alternation (also known as
total possible alternation) is the number of arms entered by each mouse in phase 2. The
apparatus was cleaned with ethanol and allowed to air dry between sessions.

Novel Object Recognition Test (NORT).

NORT is used to evaluate non spatial working memory in rodent. The testing apparatus
consisted of a rectangular open box made of plastic with a floor (31 cm x 24 cm) and a 45.5 cm
wall. Two distinct colored objects and their copies were used as a stimuli (Aktoprak et al.,
2013). The animals are exposed to two or more objects and they explore these object for a
while. It basically consists of two trails.

In the first phase, each rat was presented with one or two identical objects (sample objects).
After exposure to the sample objects, the animals were returned to their home cages for a
designated retention period.

In the second phase, each rat was reintroduced to the environment and presented with both
a familiar (sample) object and a novel object to facilitate memory consolidation. When the
subject recognizes the familiar object, it preferentially explores the novel object more than the
familiar one.

The experiment consists of three phases: Habituation, Sample and Testing. During the
habituation phase, rats were acclimated to the testing apparatus for 10 minutes per day over
three consecutive days. On the fourth day, the sample phase was conducted, during which
the animals were introduced to the objects.
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During the sample session, two identical objects were positioned within the testing arena to
facilitate object exploration and encoding. The last stage is almost the same with sample phase
except there is a delay of about 60 seconds between the two phases. The discriminative ratio
or index was calculated as D.R=(N.O) + (N.O; +F.O))

Where D.R is the discriminative ratio, N.O \ is the time spent on novel object and F.O : is the
time spent on familial object.

The test was conducted in a dimly lit, quiet room, with the observer seated at least 2 meters
away from the open arm of the apparatus. Furthermore, the apparatus was sanitized with an
ethanol between subjects

Statistical Analysis

All neurobehavioral data were analyzed using Graph Pad Prism Version 8.0.2. One-way
analysis of variance (ANOVA) followed by turkey post hoc tests. Value were considered
statistically significant when the p<0.05 and the result were presented as Mean + Standard
Error of Mean (SEM).

RESULTS
Neurobehavioral studies:

Y-maze:

On the frequency of entries into the arms: There is no significant difference in the frequency
of entries into the arm in all treatment groups when compared to the control.

On the percentage spontaneous alteration ratio: there is no significant difference in the
percentage spontaneous alteration ratio in all treatment groups when compared to the control

group.

NORT
There is a significant decreases in discriminative ratio in group IV when compared to the
control.

Histological findings

Sections of the dendate gyrus of Wistar rat of the control group showed normal
histoarchitectural features with well-preserved pyramidal cell and glia cell, the section of 150
mg/kg MLNT showed a neurodengenerative changes as chromatolysis, karyolysis, pyknosis
and vacuolation when compared with the control while section of 300 mg/kg MLNT showed
a degenerative change in the histoarchitectural distortion as karyolysis and pyknotic
pyramidal cell and also, section of 600 mg/kg MLNT revealed a severe histoarchitectural
distortion as karyolysis, karyorehexis, chromatolysis and necrosis when compared with the
control.
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Figure 1: Effect of MLNT on frequency of entry into the arm and the percentage spontaneous alteration ratio in Y-

maze behavioral test.

n= 5; mean+ SEM, One-way ANOVA turkey post hoc test; a= p<0.05 when compared to the control. MLNT=

Methanol Leaf Extract of Nicotiana tabacum
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Figure 2: Effect of MLNT on Discrimination ratio of NORT in Wistar rat. n= 5; mean+ SEM, One-way ANOVA;
turkey post hoc test; a= p<0.05 when compared to the Control. MLNT= Methanol Leaf Extract of Nicotiana tabacum
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Histological Assessment
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Plate 1: Section of the dentate gyrus region of Wistar rat region H and E stain. A= Control (2 ml/kg distilled water)
group with normal histoarchitecture of the dentate gyrus: Pyramidal cell (p) and Granular cell (g). B=Section of
dentate gyrus region of Wistar rat administered with 150 mg/kg MLNT: k (Karyolysis); ¢ (Chromatolysis); v
(Vacuolation); Pk (Pyknosis). C=Section of dentate gyrus region of Wistar rat administered with 300 mg/kg MLNT:
Ky (Karyolysis); Pkp (Pyknotic pyramidal cell); v (Vacuolation). D= Section of dentate gyrus region of Wistar rat
administered with 600 mg/kg MLNT: Kr (Karyorehexis); ¢ (Chromatolysis); n (necrosis); k (karyolysis)

N

DISCUSSION

The present study systematically investigated the behavioral and histological assessment
following administration of MLNT on short-term memory in Wistar rats. It is well established
that spontaneous alternation serves as an index of spatial working memory. The Y-maze
served as a measure of short term memory, general locomotors activity and stereotypic
behavior (Kokkinidis et al., 1976). Finding from this research showed that MLNT does not
elicit a statistically significant alteration in spatial learning and memory performance. Also,
NORT was used as an indicator of non-spatial working memory. The NORT is predicated on
the assumption that rodents exhibit preferential exploration of a novel object relative to a
familiar one, contingent upon the retention of the familiar object in memory. The amount of
time the rodent spends exploring each object is an index of working memory (Ibanez et al,
2023). Our results demonstrate a significant decrease in discriminative ratio in MLNT-treated
group IV when compared with the control group reflecting the possibilities of learning and
memory impairment. Su, 1982 reported stimulation of the central nervous system by low dose
of nicotine while Henningfield et al. (1985) reported that high dose nicotine depresses the
central nervous system. Furthermore, previous study support the thesis that an acute nicotine
treatment induces oxidative stress within brain structures responsible for learning and
memory processes (Budzynska et al., 2013).

Histoarchitectural distortion of neural tissue manifesting as neurodegeneration are indication
of neurotoxicity (Kalantaripour et al., 2012). Histopathological assessment revealed
degenerative change such as karyolysis, vacuolation, pyknosis, degenerating pyramidal cell,
chromatolysis and karyorehexis in the dentate gyrus of the MLNT treated groups. The
observed neurodegenerative changes are attributable to the neurotoxic effects exerted on the
brain under investigation. Neuronal degeneration has been reported to lead to cell death
(Faust et al., 2009) which result from extrinsic or intrinsic insults (Natale ef al., 2004) and the
prime extrinsic factors for inducing neuronal degeneration are neurotoxins. Findings from
this study are in agreement with Wahab et al. (2024a), Wahab et al. (2024b) and Wahab et al.
(2025b). Moreover, Adeniyi and Ogundele, 2014 reported that the administration of tobacco
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leaf extract produces significant changes in neuronal cell density, brain mass, and
neurobehavioral disruption.

Memory can be categorized as declarative (explicit), denoting the conscious and intentional
retrieval of past experiences, and is critically dependent on hippocampal integrity. Previous
study have reported that exposure of rats to nicotine and Nicotiana tabacum induces congitive
or memory impairments (Anstey et al., 2013; Adeniyi and Ogundele, 2014). Deficits in
behavior and performance in non-spatial memory and learning are likely attributed to
nicotine, a major psychoactive compound found in tobacco. It is widely accepted that nicotine
is the primary addictive constituent of tobacco, and there is a growing body of evidence
indicates that nicotine exhibits the properties of a drug of abuse (Balfour2004). Abreu-Villaca,
et al. (2003) reported that nicotine administration in juvenile rats induces neuronal injury and
functional deficits, accompanied by significant alterations in the hippocampus, thereby
impairing neurocognitive performance.

CONCLUSION

We hereby concluded that the administration of the MLNT affect the non-spatial working
memory. There is need for further study such as immunohistochemistry, sterology and other
short-term memory behavioral assessment (such as T-maze) should be considered.
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