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/ ABSTRACT

Background: Cognitive behavior therapy is an important freatment for various psychiatric and
psychological problems. Different psychotherapeutic freatments are used for improvement in
patients. The study aimed to compare Clozapine and Fluoxetine with Choline on the progress
of cognition and cognitive behavior in rats.

Methods: This experimental study was conducted in the pharmacology department of Karachi
University on locally bred male albino rats (n=24). These were divided info four freatment
groups (Saline, Fluoxetine, Clozapine, and Choline) and measured the output at the 1¢, 39, 5™
and 7™ weeks. Familiar and Novel object recognition test and Passive avoidance test was used
to observe learning and memory as well as the mechanism of cognition. One way-ANOVA
and post-hoc analysis was done between groups. The p-value <0.05 and < 0.001 were consid-
ered statistically significant and highly significant respectively.

Results: The comparative mean preference index percentage between saline, choline,
clozapine, and fluoxetine at week one was non-significant (p>0.05) in the Novel and Familiar
Object Recognition test. However, at week three it was highest for Fluoxetine (58.15+3.35)
compared to Choline, Clozapine and Saline for the novel object. However, in Familiar objects,
it was found highest for Clozapine (58.88+3.05) (p <0.05). Furthermore, the mean step-through
latency time of the Passive Avoidance fest was significant (p<0.05) at weeks three, five and
seven. It was highest for choline (92.5£1.36) than fluoxetine and clozapine.

Conclusion: Fluoxetine has a significant effect (p<0.001) on memory and learning compared
to Clozapine. Clozapine and choline showed statistically same results on cognitive behavior.
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INTRODUCTION py is the kind of CBT, which targeted on recognizing
Cognitive behavioral therapy (CBT) modulates the and distinguishing thoughts, emotional reactions,
patient’'s thoughts and feelings, which create a and behavior pattern?. It is explained the reasoning,
positive impact on their behavior'. Cognitive thera- cognition, problem-solving, making tasks to com-
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plete, working memory, planning, and accordingly
allowing the thoughts and actions in fulfilling the
target of behavioral goals®. In different behavioral
and emotional aftitudes, the ACH, dopamine, and
serotonin receptors are involved*. Neuroleptics
have a blocking action on 5HT2A and Dopamine
receptors, atypical antfipsychotic drugs were more
effective than other one’. Clozapine is used for the
freatment of Psychosis by blocking Dopamine D4,
H1 and alphal adrenergic and muscarinic recep-
tors. It also acts as a serotonin antagonist on
5-HT2A/2C subtypes of receptorsé’. The adverse
effects of clozapine are orthostatic hypotension,
tfachycardia, fever, seizures, weight gain, metabolic
syndrome, gestational syndrome, sedation, ECG
changes, fatigue, leukopenia, and agranulocyto-
sis®. Fluoxetine is SSRI and is used for the tfreatment of
depressed patients. Their half-life is 1-3 days in the
acute dose and 4-6 days in the chronic dose and
side effects are erectile dysfunction, nausea, anor-
gasmia, headache, weight loss, drowsiness, fremors,
diarrhea, and photosensitivity?.

In different physiological functions, choline is a basic
nutrient. Its average intake in an adult human is
700-1200mg/day. Human milk as well as the colos-
frum is the choline-rich source. Choline synthesis
occurs in neurons from dietary products and de
novo synthesis. It is the precursor of acetylcholine,
sphingomyelin, phosphatidylcholine and methyl
donor betaine that helps in the conversion of homo-
cysteine fo methionine. Adequate choline in the
brain protects from aging, dementia and Alzhei-
mer's disease'®. They are found in food mostly and
have an important and basic role in cells’ normal
functioning". This study aimed to measure the
cognitive behavior modulation by choline and
compared it with Fluoxetine and clozapine.

METHODS

Total n= 24 male albino rats with 180-200gms,
randomly divided into four treated groups (six in
each group): Saline (Confrol) (n=6), Fluoxetine
(n=6), clozapine (n=6) and Choline (n=6) respec-
fively and all were examined at first, third, fifth and
seventh week. We assessed cognitive modulation
by behavioral parameters. The pair of rats caged
before one week of the experiment under a normal
day/night cycle with room temperature. This study
was conducted after ethical approval from BASR
(BASR No/ 0304 Pharm) in the pharmacology
department of Karachi University. Normal standard
diet and free access to water provided to experi-
mental rats. In the Saline group (Control); rats were
given 2.0ml/kg/day of normal saline for seven days.
In Fluoxetine Group ratfs were treated with 2mg,
5mg and 8mg suspension /Kg/day with the feeding
tube. The stock solution was prepared by powdered
fluoxetine by adding in 10ml 0.9% Nacl to make
Iml/ml suspension. In the Clozapine Group dose of
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2mg, Smg and 8mg /Kg/day suspension were
made by powdered clozapine in 0.1 N HCL of 5.5
adjusted PH and was administered by a feeding
tube to rats'? Lastly in the Choline Group, the
choline bitartrate tablet powderin aqueous solution
form, 52mg/Kg/day dose were given to rats through
the oral route as the volume of 0.2ml/150grm body
weight. That dose was equal to the recommended
dose of adult humans (500mg/day/60/kg body
weight) 13,

The percentage of preference index was measured
in the Familiar and Novel object recognition fest. A
preference index above 50% is said to be a modula-
fion in the cognition process. The test framework
consists of a gray painted wooden box had two
identical objects. Both were filed with white
cemented material to make it heavy and rats were
unable to move it easily. To examine the panic
aggravated fest, we used the Passive avoidance
test fo evaluate the learning and memory by giving
a foot shock in a dark compartment, rats stayed in
a white environment due to recall memory. Thus,
this interval to enter the dark compartment is a
passive avoidance test. Data was entered and
analyzed for correct and incorrect entry by using
SPSS version 20. To measure the Novel and Familiar
object recognition test, the mean preference index
percentage was compared for familiar and novel
object recognition between Saline and Choline
with Fluoxetine and Clozapine at first, third, fifth, and
the seventh week by using One way-ANOVA. The
post-hoc analysis was measured by Tukey's test
among the treated groups. The p-value <0.05 and
<0.001 were considered significant and highly signif-
icant respectively.

RESULTS

The comparison of preference index % of albino rats
(n=24) among treated groups was found non-signifi-
cant (p-value >0.05) at week first and third in the
Novel and Familiar object recognition test. In Novel
objectionrejection, the preference index % at week
five was 62.75 for choline, 58.15 for fluoxetine, 56.28
for saline, and 50.88 for clozapine. At week seven
highly significant differences (p-value < 0.001) were
found between the freated groups moreover, it was
found that the preference index % was highest in
fluoxetine that is 64.86 then choline 57.97 after that
clozapine 57.97 and lastly for saline 44.99. An
increased in step-through latency means learning
improvement, a component of cognition.

However, in familiar objection recognition, it was
observed that preference index % of Familiar object
recognition on post-hoc, the significant difference
(p-value>0.05) at week five and seven. At week five
the difference was found among Saline and
Choline (43.65:37.12), Choline and Clozapine
(37.12: 55.88), and Choline and fluoxetine (37.12:
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40.57). At week seven, it was highest for Clozapine
that is 58.88 followed by Saline 53.55, Fluoxetine
41.78 then Choline 40.34. On post hoc analysis signif-
icant difference (p-valve <0.05) was found among
freated groups. As depicted in Table 1. It is purely a
learning activity based on improvement in recogni-
fion and memory.

Table 2 showed the mean step-through latency
fime (seconds) among treated groups. At week one
non-significant differences (p-value>0.05) were
found. At week three significant difference was
observed between Saline and Fluoxetine (58.67 vs

67.00; p-value 0.05), Saline and Choline (58.67 vs
67.00; p-value <0.05) and Saline and Clozapine
(58.67 vs 67.00; p-value<0.05). However, at week
five mean latency times were highest for Choline
(92.67) followed by Clozapine (89.00) than Fluoxe-
tine (80.67) least for saline (61.67) moreover highly
significant difference (p-value<0.001) was found
between Saline and Choline with Clozapine and
Fluoxetfine. At week seven the highly significant
difference (p-value<0.001) was found, it was highest
for Choline than Fluoxetine followed by Clozapine,
and lastly for Saline.

Table 1: Comparing preference index of freated groups in novel and familiar object recognition test.

Groups
Saline Choline Clozapine Fluoxetine
Weeks Mean * SEM Mean * SEM Mean * SEM Mean * SEM
(n=6) (n=6) (n=6) (n=6)
Novel Object Recognition Test
]st 51.7+1.87 54.1£2.94 45.67+3.98 53.93+4.78
3rd 50.88+2.38 52.75+1.69 51.32+2.75 55.08+3.36
5th 56.28+2.63 62.75+2.28** 50.88+4.29 +* 58.15+3.35+
7th 44.99+1.99 57.97+1.75** 52.8.1£3.07++ 64.86+0.99**
Familiar Object Recognition Test
Ist 50.27+1.94 47.28+3.27 53.88+3.89 46.03+4.77
3rd 49.00+1.94 49 .37+3.60 47.28+3.27 53.88+3.89
5th 43.65+2.62 37.12+0.96*+ 55.88+4.24 40.57+1.80
7th 50.27+1.94 40.34+1.23* 58.88+3.05 41.78+5.07

*0<0.05 as compared to saline **p<0.001 as compared to saline +p<0.05 as choline versus clozapine ++p<0.001 as choline versus clozapine
+p<0.05 as choline versus fluoxetine ++p<0.001 as choline versus fluoxetine.

Table 2: Comparison of mean latency time of freated groups in passive avoidance test.

Saline Choline Clozapine Fluoxetine
Weeks Mean * SEM Mean * SEM Mean * SEM Mean * SEM
n=6 n=6 n=6 n=6
Mean Latency Time (sec)
Ist 10.16+0.45 10.8310.49 9.16+0.49 9.33+0.60
3rd 10.8+0.69 10.5+0.53 9.20+0.67 10.80+0.42
5th 10.8+0.33 6.5+0.33 ** 6.00+0.45** 11£0.51 *++
7th 11.33+0.57 4.00£0.33** 5.16+0.45** 11.8+0.58 ++

*P<0.05 as compared to saline,**P<0.001 as compared to saline ,+P<0.05 as choline versus clozapine,++P<0.001 as choline versus clozapine,
++P<0.001 as choline versus Fluoxetine, +P<0.05 as choline versus Fluoxetine
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Figure 1: Comparison of Mean Latency Time (Step through latency) for Choline with Saline (control) and

Fluoxetine Groups in Passive Avoidance Test.
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Figure: 2 Comparison of Mean Latency Time (Step through latency) for Choline with Saline (control) and

Clozapine Groups in Passive Avoidance Test.

DISCUSSION

Cognitive behavior modulation is always targeted
by research in diseases like anxiety, psychosis, drug
abuse, and rheumatic diseases. In this study, a com-
parison between choline with fluoxetine an antide-
pressant drug, and antipsychotic agent a Clozap-
ine for behavior modifications. The outcome
showed that the clozapine and fluoxetine were
significant effects as same as choline'™.

The number of experimental tools in animal model
learning, memory, recognition, can measure cogni-
tion behavior modulation and behaviors are import-
ant parameters used to measure the behavior mod-
ulafion'®. Passive avoidance retention test used to
assess memory function in which animal exposed to
the conditioned environment through lit to dark
session. In the conditioned environment, the
subjects received the foot shock after that the
animal was placed in a safe area, door closed. The
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light was furned on; 2-3 minutes for adaptation then
the light was off and animals were free to escape in
dark area. Now step-through latency was record-
ed. Passive avoidance retention test showed the
mean latency time was highest from week one to
week three for choline and clozapine, moreover,
fluoxetine showed significantly raised after week
seven and least for saline. This test depends on
hippocampal and amygdala'® which measured the
long-term emotional memory up to 24 hours based
on contextual fear conditioning and instrumental
learning'.

The passive avoidance test results of the fluoxetine
group showed increases in retention fime from
week five to seven, these results are in line with the
current study who reported that fluoxetine raised
fear distinction and recovery after training'®. Anoth-
er study explained that there are numerous mecha-
nisms involved such as hippocampal remodeling',
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increase in mMPFC activity for recovery of remote
memories in retrieval®.

Atypical antipsychotics had shown multiple recep-
tor affinities?'. D4, histamine and muscarinic recep-
fors blocker activity. D4 receptors present in hippo-
campal and prefrontal cortex areas are important
for cognitive process®. Another study showed that
cognition is also enhanced by serotonin receptors
(5HT2A) as a partial agonist activity?®. One more
study explained that 5HT2A receptor blocking the
activity of ADP's due to partial agonist receptor
activity of clozapine on M1 also improved learning
and memory?*. The choline sufficiency or depletion
is related to aspects of behavior, learning, cogni-
tion, and memory performance®. Another study
reported that raised choline release in the hippo-
campus and frontal cortex is related to an increase
in locomotor activity in rats?. All these effects of
choline are related to modulation of histone and
DNA methylation in the brain for encoding of
protein through altered gene expression which is
important for learning and memory process that is
an epigenomic mode of action?.

However, a further explanation was considered by
using the parameter of the Familiar and Novel
objection recognition test in this study. Recognition
means the study subjects aware that the stimulus
has been experienced previously. It is based on
memory and the required list of cognition opera-
fions like discrimination, comparison, perception,
and identification. This is depending on post-experi-
ence. The recognition task is divided into two, one is
objection recognition and the other is location
recognifion (spatial memory). Recognition memory
is based on the general principle of matching an
experience. In this study, two types of recognition
were measured Familiar and Novel. The preference
index of 50% indicated the Novel Object prefer-
ence whereas the preference index of less than 50%
indicated the Familial Object preference; while the
50% preference index represented no preference.
Two identical Familial objects (A1 and A2) and a
new Novel Object B, both filled with cement to
make it heavy. This test has three stages as habituo-
fion, training, and test. On day one, the rafs were
exposed to a specific area for 10 minutes for famil-
iarization. After 24 hours, the subjects were exposed
to object A1 and A2 for 10 minutes. After that,
objects were removed from the box (training
stage). Now for 20 minutes, the rafs were exposed
fo a recognition box with novel object B for 3
minutes. The parameters monitored during the test
phase included the sniffing time for Novel and
Familial object?.

The outcome of Novel recognition showed that the
highest preference index was noted in the choline
group from baseline (54%) to week five (58%).
Besides these results, fluoxetine showed the highest
index (64%) at week seven. In the clozapine group,
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it was decreased as compared to other groups,
these results are in line with another study that
stated that choline modified the VAchT vesicular
fransporter that modulates object recognition
memory?. In this study, clozapine showed a higher
index for novel objection instead of familiar as com-
pared fo saline. About clozapine, it was 51.3%
significantly decreased to 50.88 as compared to
choline it was 62.7% but still more than 50%. This
showed that choline increased recognition memory
than clozapine depending on learning and past
experiences. These results agree with another study
that reported that clozapine has a protected effect
on long-term memory produced by ketamine and
recommended adjuvant use of both drugs
improved cognition function. Other studies report-
ed that acetylcholine has played a key role in
motor function and cognition specifically attention,
memory, and learning domains®. There are several
molecular targets identified that include dopamine
receptors in the prefrontal cortex, nicotinic and
muscarinic acetylcholine receptors, the glutamao-
tergic excitatory synapse various serotonin recep-
for, and the ¥ aminobutyric acid (GABA). These
targets are studied for drug development aimed at
enhancing cognition.

CONCLUSION

The study compared the cognitive behavior of the
choline with fluoxefine and clozapine groups;
however, the fluoxetine showed a positive effect on
behavior. The outcome of clozapine effect on
learning and memory was the same as choline used
as a gold standard.
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