
Pakistan Journal of Neurological Pakistan Journal of Neurological 

Sciences (PJNS) Sciences (PJNS) 

Volume 18 Issue 2 Article 4 

6-2023 

Neurobehavioral and Biochemical Effects Of Choline Chloride Neurobehavioral and Biochemical Effects Of Choline Chloride 

Administration in Rats Administration in Rats 

Lubna Anis 
Federal Urdu University, Karachi,Pakistan 

Irfan Sajid 
Federal Urdu University, Karachi,Pakistan 

Shoaib Ahmad 
Federal Urdu University, Karachi,Pakistan 

Saida Haider 
University of Karachi,Pakistan 

Follow this and additional works at: https://ecommons.aku.edu/pjns 

 Part of the Neurology Commons 

Recommended Citation Recommended Citation 
Anis, Lubna; Sajid, Irfan; Ahmad, Shoaib; and Haider, Saida (2023) "Neurobehavioral and Biochemical 
Effects Of Choline Chloride Administration in Rats," Pakistan Journal of Neurological Sciences (PJNS): 
Vol. 18: Iss. 2, Article 4. 
Available at: https://ecommons.aku.edu/pjns/vol18/iss2/4 

http://www.aku.edu/Pages/home.aspx
http://www.aku.edu/Pages/home.aspx
https://ecommons.aku.edu/pjns
https://ecommons.aku.edu/pjns
https://ecommons.aku.edu/pjns/vol18
https://ecommons.aku.edu/pjns/vol18/iss2
https://ecommons.aku.edu/pjns/vol18/iss2/4
https://ecommons.aku.edu/pjns?utm_source=ecommons.aku.edu%2Fpjns%2Fvol18%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/692?utm_source=ecommons.aku.edu%2Fpjns%2Fvol18%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ecommons.aku.edu/pjns/vol18/iss2/4?utm_source=ecommons.aku.edu%2Fpjns%2Fvol18%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages


INTRODUCTION
Choline is a water-soluble essential nutrient that has a 
complex role in the body, required for synthesis of 
neurotransmitters.1 Moreover, choline is also required 
for transport of lipids (lipoprotein), metabolism of 
methyl group (homocysteine reduction) and signalling 
through cell membrane. Its role in the body is complex.2 
As a form of acetylcholine it performs nerve functions.3 

It minimizes the neural tube defects during 
development focusing on brain and memory functionst 
in the fetus.4 Choline synthesis is not sufficient enough 
to meet the requirement of human body.5 Therefore, it 

is absorbed through small intestine via choline 
transporters from foods containing choline.6 Fatty liver 
and muscle damage can be caused by choline 
deficiency in healthy human consuming adequate 
amounts of methionine and folate, which can be cured 
by supplementation of choline through diet.7,8

Since choline has a role in several important functions 
such as metabolism, synthesis of neurotransmitter and 
cell structure, it is therefore believed that its deficiency 
may cause atherosclerosis (through secretion of 
lipoprptein), non alcoholic fatty liver and even 
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ABSTRACT 
Background and Objective:
Choline is an essential nutrient related to vitamin B complex activity.  It can be received through different food sources. 
It is an important component of acetylcholine which is involved in different brain functions. The present study is 
designed to assess the behavioral effects of choline chloride in animal models. 

Methods:
This case-control study was performed in the Department of Biochemistry, Federal Urdu University, Karachi for eight 
months from May 2022 to December 2022. Twenty-four adult male albino Wister rats were divided into four groups, 
one control and three test groups. Choline chloride dissolved in saline was given intraperitoneally at 25mg/ml, 
50mg/ml and 100mg/ml to the test groups respectively, and saline was given to the control animals for two weeks. 
Memory and depression-like symptoms were monitored. Morris water maze and brain acetylcholine levels were used 
for memory functions and force swimming test was performed to monitor depression-like symptoms. 

Results:
The present study showed significantly improving memory functions and increase in immobility time exhibited by 
choline-treated rats indicating depression-like symptoms in rats. The present investigation also shows that serum level 
as well as glucose level increase in dose dependent manners. Increased depression-like symptoms may be attributed 
due to onset of diabetes or increased glucose concentration.

Conclusion:
In conclusion choline administration at different doses (25mg/ml, 50mg/ml, and 100mg/ml) produces behavioral and 
biochemical effects in rats.
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neurological disorders.6 It is therefore suggested to 
have adequate amount of choline for good health. 
Scientists reported that choline act as a 
neuroprotective nutrient that is able to interact with 
epigenetic mechanism and gene expression and is 
related to epigenetic alteration which is linked to 
Alzheimer disease pathogenesis.9 Deficiency of choline 
may contribute to various diseases such as 
atherosclerosis, liver disorder and also neurological 
problems.9 Inhibition of choline kinase enzyme is 
effective in inflammatory arthritis treatment.10 It is 
widely distributed in different foods and is synthesized 
by the sequential methylation of phophotidyl 
ethanolamine endogenously.11 Reduced intake of 
choline leads to increase levels of liver fat.12

 
Choline is present in variety of food items but the 
richest resources are egg and meat. It possesses 
number of physiological effects in body.9 The present 
study is designed to manipulate the effects of the 
choline chloride administered intraperitoneally to the 
male albino wistar rats to evaluate the chronic effects 
of choline chloride on memory, depression-like 
symptoms and on other biochemical contents.

METHODS
Study design: Case-control study
Place and duration of study: This study was 
performed in the Department of Biochemistry, Federal 
Urdu University, Karachi for eight months from May 
2022 to December 2022.

Sample size: Twenty-four albino depression-like rats 
locally bred (150-200 g) obtained from Aga Khan 
University Hospital. Animals were caged separately in a 
quiet room located in Department of Biochemistry, 
Federal Urdu University Karachi under a 12-hour 
light-dark cycle and maintained surrounding 
temperature (22)oC± 2). They all get easy approach to 
water and standard rodent diet.

Sampling technique: Non-probability consecutive 
sampling

Data collection: Initially animals were habituated at 
least three days before experimentation. Choline at 
doses of 25mg/kg, 50mg/kg, 100mg/kg were injected 
intraperitoneally (IP) in volumes of 1ml/kg for 15 days. 
Control animals were injected with saline (1ml/kg). 

Behavioral Methods:         
Morris Water Maze Test

The effects on spatial memory were examined by 
determining the performance of rats in a Morris water 
maze apparatus. Apparatus of WM used in this study 
consisted of a circular tank that is made up of 
transparent glass, in which there is a little platform 
hidden in opaque water. Initially rats were trained and 
then test was performed after one hour as well as after 
24 hours. Time reached to platform regarded as latency 
time. Experimentation was carried out by Morris water 
maze test.4

Forced Swimming Test:
This apparatus is designed in a glass tank with 
specifications and experimentation.14 During the testing 
phase swimming behavior of animals were observed in 
which animals were made to swim throughout the swim 
chamber. Experiment is based on monitoring of the 
immobility time. So when the animal is showing 
immobile status it will only keep its head above the 
water and attempting no efforts of swimming.

Biochemical Estimation
Neurochemical Estimations
The Hestrin technique was used to determine the ACh 
levels of the tissue (Batool et al., 2016).14 The enzyme 
was inactivated by boiling the tissue sample (whole 
brain), which also released the associated ACh that 
reacted to ferric chloride. The brown colour that 
resulted from this reaction was then measured at 540 
nm in comparison to blank. In terms of mol/g of 
brain-tissues, ACh level was represented.

Estimation of Glucose and cholesterol was by standard 
lab procedure. Microlab 300 was used for biochemical 
estimation.

Data analysis: Experimental data were analyzed by 
one-way ANOVA using SPSS 20 ver. Post Hoc analysis 
done by Tuckey’s method. 

Ethical considerations: The procedure was executed in 
line with National Institute of Health Guide for Care and 
Use of Laboratory Animals (Publication No. 85−23, 
revised 2011) and approved by local (Institutional) 
ethical committee.
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RESULTS
Behavioral Effects
Effect of choline chloride (25mg/kg, 50mg/kg, and 
100mg/kg) on memory function in rats in water maze is 
shown in figure 1. Data analyzed by one way ANOVA 
showed a significant effect of choline chloride 
administration on memory function (F=4.17, df, 3, 20 
p<0.01). Newman-keuls test showed that all three 
doses choline chloride significantly improved memory 

function in rats in Morris water maze test. Effect of 
choline chloride (25mg/kg, 50mg/kg, and 100mg/kg) 
on depression-like symptoms in rats in is shown in 
figure 2. Data analyzed by one way ANOVA showed a 
significant effect of choline chloride administration on 
depression-like symptoms (F=10.37, df 3, 20 
p<0.01). Newman-keuls test showed that all three 
doses choline chloride significantly produce 
depression-like symptoms in rats. 

1 6P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S V O L .  1 8  ( 2 )  A P R I L - J U N E  2 0 2 3

M"

"

 

 

Figure 1: Effect of Chronic Administration of Choline Chloride On Memory by Morris Water Maze in rats. 
Values are mean ± SD (n=6). Significant differences by one way ANOVA; **p<0.01 Vs Control, + 

p<0.05 Vs 25 mg/ml, -p<0.05 Vs 50mg/ml

Figure 2: Effect of Chronic Administration of Choline Chloride On Depression-like Symptoms assessed 
by Forces Swimming Test. Values are mean ± SD (n=6). Significant differences by one way ANOVA; 

**p<0.01 vs Control, + p<0.05 vs 25 mg/ml
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 Neurochemical Estimations
Effect on ACh of acute choline chloride treated rats is 
shown in figure 3. Data analyzed by one-way ANOVA 
represented a significant treatment effect of choline 

chloride (F=8.06, df 3, 20 p<0.01). The result 
indicates that administration of choline chloride 
increases acetylcholine levels significantly as compared 
to control.

Biochemical Effects
Effect of choline chloride treated rats on blood glucose 
and cholesterol level are shown in figure 4 and 5. Data 
analyzed by one-way ANOVA represented a significant 
treatment effect of choline chloride (F=13.11, df 3, 20 

p<0.01) and (F=3.29, df 3, 20 p<0.01) respectively. 
The result indicates that administration of choline 
chloride significantly increased biochemical molecules 
in blood.
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Figure 3: Effect of Chronic Administration of Choline Chloride on Brain acetylcholine levels. Values are 
mean ± SD (n=6). Significant differences by one way ANOVA; **p<0.01 Vs Control

Figure 4: Effect of Chronic Administration of Choline Chloride On Blood Glucose levels in rats. Values are 
mean ± SD (n=6). Significant differences by one way ANOVA; **p<0.01 Vs Control, + p<0.05 Vs 25 mg/ml



DISCUSSION
Choline is an essential nutrient which is involved in 
different body metabolisms. Its metabolites are also 
involved in different functions, from the cell structure to 
neurotransmitter and deficiency of choline can cause 
serious problems.9 Choline is present in milk, meat as 
well as in almonds, kidney beans, spinach and fish.15 

Studies reported that choline in the form of 
phospholipids is involved in cell structure; in the form of 
neurotransmitter it is precursor of the acetylcholine 
which is important for learning and memory.15 
Deficiency of choline causes Alzheimer’s disease, 
non-alcohol fatty liver, oxidative stress etc.15  Our study 
showed that acute and chronic administration of 
choline chloride at different doses (25mg/kg, 50mg/kg, 
and 100mg/kg) significantly improved memory and 
produced depression-like symptoms in rats in 
dose-dependent manner while memory significantly 
improved. Present result also revealed that repeated 
administration of choline chloride significantly 
increased serum cholesterol level. Serum glucose 
concentration also increased but statistically it was 
non- significant in choline treated rats.

Previous studies showed that choline in the form of 
neurotransmitter (acetylcholine) plays an important role 
in the learning and memory.16 It has been also reported 
earlier that choline supplementation increase learning 
and memory function in the fetal that exposes with 

alcohol.17 In the present study we used water maze  to  
assess memory function. In current study memory 
functions monitored following chronic administration of 
choline chloride in rats and it was observed that tests 
took less time to reach the platform than the other test 
and control groups. It means that latency time of 
choline chloride treated rats is less than the control 
group more significantly in the dose of 100mg/kg. 
Improvement in memory attributed to acetylcholine 
neurotransmitters and behavioral tests results are also 
supported by brain acetylcholine levels showing more 
acetylcholine levels at 100mg/kg dose. 

Choline possesses an important role in 
neurotransmitter functions specifically on acetylcholine 
and dopaminergic functions. Different studies suggest 
that choline supplements enhance dopamine receptor 
densities giving improving effects on memory 
impairment.15 It was studied that low concentration of 
choline may cause anxiety but not depression-like 
symptoms.18 It was also reported that 
over-supplementation of choline caused 
depression-like symptoms but not in normal doses.16 

Number of epidemiological studies demonstrated 
previously that the onset of diabetes or increasing 
glucose level may cause the depression-like 
symptoms.19 In this present study we noted the 
depression-like symptom by using Forces swimming 

1 8P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S V O L .  1 8  ( 2 )  A P R I L - J U N E  2 0 2 3

O"

"

Figure 5: Effect of Chronic Administration of Choline Chloride On Blood Cholesterol level in rats. Values are mean ± 
SD (n=6). Significant differences by one way ANOVA; **p<0.01 Vs Control, ++ p<0.01 Vs 25 mg/ml



test in which we found  the significantly increased 
immobility time, meaning the dose-dependent choline 
chloride treated rats (25mg/kg,50mg/kg, 100mg/kg) 
showed the depression-like symptoms. This report 
justifies the previous study that depression may occur 
because glucose level increases. Earlier studies 
reported that choline is related to the high-fat-diet and 
produces obesity and is insulin resistant. Pervious 
investigations also described that deficiency of choline 
causes the low plasma glucose level with increasing 
fatty liver.20,21 It has been reported that dietary choline 
reduces body fat by enhancing triglyceride-rich 
lipoprotein derived fatty acids by brown fats that could 
resulted in improving hypercholesterolemia.22 In 
present investigations it was described that serum 
glucose concentration elevated in dose dependent 

manner and concentration of serum cholesterol was 
also found significantly increase which assured the 
previous studies that glucose and cholesterol level 
increased in serum with choline supplementation.

CONCLUSION
It is concluded in the present study that effect of 
choline administration at different doses (25mg/ml, 
50mg/ml, and 100mg/ml) on behavioral models 
produced depression-like symptoms and also improved 
memory function. Serum glucose and cholesterol 
concentration was also found increased after chronic 
intraperitoneal administration of choline chloride. 
Further experiments are needed for evaluation of 
choline role in different neurological disorders.

1 9P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S V O L .  1 8  ( 2 )  A P R I L - J U N E  2 0 2 3

REFERENCES
1) Iannotti LL, Lutter CK, Bunn DA, Stewart CP. 
 Eggs: the uncracked potential for improving   
 maternal and young child nutrition among the  
 world's poor. Nutr Rev.2014; 72(6):355-68.
2) Bidulescu A, Chambless LE, Siega-Riz AM, Zeisel  
 SH, Heiss G. Usual choline and betaine dietary  
 intake and incident coronary heart disease: the  
 Atherosclerosis Risk in Communities (ARIC) study.  
 BMC Cardiovasc Disord. 2007;  7:20.
3) Miller CA, Corbin KD, da Costa KA, Zhang S, 
 Zhao X, Galanko JA, et al. Effect of egg ingestion  
 on trimethylamine-N-oxide production in humans:  
 a randomized, controlled, dose-response study.  
 Am J Clin Nutr.2014; 100(3):778-86
4) Benedetto A, Heinrich F, Gonzalez MA, Fragneto  
 G, Watkins E, Ballone P. Structure and stability of  
 phospholipid bilayers hydrated by a room-tempera 
 ture ionic liquid/water solution: a neutron reflec 
 tometry study. J Phys Chem B.2014;    
 118(42):12192-206.
5) Abdelalim EM, Tooyama.NPR-C is expressed in  
 the cholinergic and dopaminergic amacrine cells  
 in the rat retina. Peptides.2010; 31(1):180-3.
6) Borges AA, El-Batah PN, Yamashita LF, Santana  
 Ados S, Lopes AC, Freymuller-Haapalainen E, et  
 al. Neuroprotective effect of oral choline adminis 
 tration after global brain ischemia in rats. Nutr  
 Neurosci. 2015;18(6):265-74.
7) Baier CJ, Franco DL, Gallegos CE, Mongiat LA,  
 Dionisio L, Bouzat C, et al. Corticosterone affects  
 the differentiation of a neuronal cerebral   
 cortex-derived cell line through modulation of the  
 nicotinic acetylcholine receptor. Neurosci  
 ence.2014; 274:369-82.
8) Blusztajn JK, Mellott TJ. Neuroprotective actions  
 of perinatal choline nutrition. Clin Chem Lab Med.  
 2013; 51(3):591-9.
9) Sezgin Z, Dincer Y. Alzheimer's disease and   

 epigenetic diet. Neurochem Int.    
 2014;78:105-16.
10) Guma M, Sanchez-Lopez E, Lodi A, Garcia-Car 
 bonell R, Tiziani S, Karin M, et al. Choline kinase  
 inhibition in rheumatoid arthritis. Ann Rheum Dis.  
 2015;74(7):1399-407.
11) Hollenbeck CB. An introduction to the nutrition  
 and metabolism of choline. Cent Nerv Syst   
 Agents Med Chem.2012; 12(2):100-13.
12) Roca-Chiapas JMD , Hernández-González M,   
 Candelario M, Villafaña ML, Hernández E, Solorio  
 S, et al. Association between depression and   
 higher glucose levels in middle-aged Mexican   
 patients with diabetes. Rev Invest    
 Clin.2013;65(3):209-13.
13) Shi XF, Forrest LN, Kuykendall MD, Prescot AP,  
 Sung YH, Huber RS, et al. Anterior cingulate   
 cortex choline levels in female adolescents with  
 unipolar versus bipolar depression: a potential  
 new tool for diagnosis.  J Affect    
 Disord.2014;167:25-9.
14) Batool Z, Sadir S, Liaquat L, Tabassum S, 
 Madiha S, Rafiq S, et al. Repeated 
 administration of almonds increases brain   
 acetylcholine levels and enhances memory   
 function in healthy rats while attenuates memory  
 deficits in animal model of amnesia. Brain Res.  
 Bull.2016, 120: 63-74.
15) Velazquez R, Ferreira E, Knowles S, Fux C, Rodin  
 A, Winslow W, et al.  Lifelong choline supplemen 
 tation ameliorates Alzheimer's disease pathology  
 and associated cognitive deficits by attenuating  
 microglia activation. Aging     
 Cell.2019;18(6):e13037.
16) Nakazaki E , Mah E, Sanoshy K, Citrolo D,   
 Watanabe F. Citicoline and Memory Function in  
 Healthy Older Adults: A Randomized,    
 Double-Blind, Placebo-Controlled Clinical Trial. J  
 Nutr, 2021;151(8):2153-2160.



2 0P A K I S T A N  J O U R N A L  O F  N E U R O L O G I C A L  S C I E N C E S V O L .  1 8  ( 2 )  A P R I L - J U N E  2 0 2 3

17) Shahraki S , Esmaeilpour K, Shabani M, Sepehri  
 G, Rajizadeh MA, Maneshian M, et al. Choline  
 chloride modulates learning, memory, and   
 synaptic plasticity impairments in maternally   
 separated adolescent male rats. Int J Dev Neuros 
 ci. 2022;82(1):19-38.
18) Miao M, Du J, Che B, Guo Y, Zhang J, Ju Z, et al.  
 Circulating choline pathway nutrients and depres 
 sion after ischemic stroke. Eur J Neurol.2022;  
 29(2):459-468.
19) Kern M. CRC desk reference on sports nutrition.  
 CRC Press.2005 PP. 117–. ISBN    
 978-0-8493-2273-0. 
20) Wu G, Zhang L, Li T, Zuniga A, Gary D, Lopas  
 chuk, et al. Choline Supplementation Promotes  

 Hepatic Insulin Resistance in Phosphatidylethanol 
 amine N-Methyltransferase-deficient Mice via   
 Increased Glucagon Action. J Biol Chem.2013;  
 288(2): 837–847.
21) Chandler TL, White HM. Glucose metabolism is  
 differentially altered by choline and methionine in  
 bovine neonatal hepatocytes. PLoS One.2019;  
 14(5):e0217160.
22) Liu C, Song Z, Li Z, Boon MR, Schönke M,   
 Rensen PCN, et al. Dietary choline increases   
 brown adipose tissue activation markers and   
 improves cholesterol metabolism in female   
 APOE*3-Leiden.CETP mice. Int J Obes   
 (Lond).2023;47(3):236-243.

Conflict of interest: Author declares no conflict of interest. 
Funding disclosure: Nil

Authors’ contribution:
Lubna Anis; Design, data collection, data analysis, manuscript writing
Irfan Sajid; Concept, data analysis, manuscript writing 
Shoaib Ahmad; Concept, manuscript revision 
Saida Haider; Data interpretation, manuscript revision 
All the authors approve the final version to be published, and agree to be accountable 
for all aspects of the work.


	Neurobehavioral and Biochemical Effects Of Choline Chloride Administration in Rats
	Recommended Citation

	Original Article 02

