
AIN SHAMS MEDICAL JOURNAL                                                Vol. 71, No., 1, March, 2020 
 

59 

DOES ORAL CHLOROQUINE AFFECT THE HIPPOCAMPUS IN 
RATS? A CLUE TO CHLOROQUINE INDUCED 

NEUROPSYCHIATRIC ADVERSE EFFECTS 

Ahmed Farid Al-Neklawy 

 

ABSTRACT: 

Background: Chloroquine is widely used in medicine. The 
main indication for its usage is treatment of malaria. Reports 
about psychiatric side effects of chloroquine are rare.  However, 
the list of recorded chloroquine induced neuropsychiatric 
disorders shows wide range of symptoms.  

Aim of the work: In this study, the effect of oral 
chloroquine on the hippocampus of rats was assessed.  

Material and methods: Twenty seven male adult albino rats 
were randomly divided into four groups. Group I (control 
group): nine rats were divided into I-a and I-b subgroups. 
Group II (chloroquine for two weeks): six rats received 4ml of 
distilled water solution/day containing chloroquine in a dose of 
80 mg/kg bwvia oral gavage for two weeks. Group III 
(chloroquine for three weeks): six rats received chloroquine as 
in group II for three weeks. Group IV (chloroquine for four 
weeks): six rats received chloroquine as in group II for four 
weeks. After sacrifice, the hippocampi were retrieved, fixed, and 
processed for paraffin sections. H&E and Bielschowsky silver 
stains were applied and immunehistochemical staining for 
GFAP was performed to examine the distribution of astrocytes. 

Results: Examination of different regions of the 
hippocampal formation revealed dark, shrunken cells, with 
pyknotic nuclei and pericellular spaces in all treated groups. 
Neurofibrillary tangles were also seen in some stained sections. 
Moreover, an increase in the density of astrocytes was also 
observed. Morphometrically, there was a decrease in the 
thickness of both pyramidal and granular layers of cornu 
ammonis and dentate gyrus respectively in all treated groups as 
compared with control group. All these changes appeared in 
group II, and were clearer in both groups III and IV. 

Conclusion: It was concluded that oral administration of 
chloroquine caused duration dependent neuronal damage in the 
hippocampus of rats giving a possible explanation for 
chloroquine induced neuropsychiatric adverse effects. 

Key words: Hippocampus, effect of oral chloroquine on 
hippocampus, dentate gyrus, cornu ammonis, GFAP, neuro-
fibrillary tangles, rat. 
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INTRODUCTION: 

Chloroquine was synthesized in the 
1930s by German scientists. It is a 4-amino-
quinoline, and was named resochin[1].  

Chloroquine is widely used in medicine. 
The main indication for chloroquine usage is 
treatment as well as prophylaxis of malaria. 
For prophylaxis, it is administered one week 
before reaching an endemic area and 
continued for one month after leaving it. In 
cases of chloroquine-resistant falciparum 
malaria, it is used in combination with 
proguanil[2]. 

Other indications are the treatment of 
rheumatoid arthritis and lupus erythe-
matosus[2].  

Despite a relatively few registered 
indications of chloroquine usage, there are 
other numerous indications, such as 
sarcoidosis, dermatomyositis, porfiriacuta-
neatarda, and disseminated granuloma 
annulare[3]. 

Taking into consideration the wide 
range of chloroquine analogues usage, there 
are relatively few side effects when 
therapeutic doses are used. Common side 
effects include skin rashes, gastrointestinal 
disturbances, depigmentation, hair loss, 
visual disturbances, headaches, hypotension, 
convulsions, and extrapyramidal symptoms. 
In rare cases, hypersensitivity reactions such 
as angioedema and urticaria or bone marrow 
suppression can also occur [2]. 

Chloroquine has been found to cause 
retinopathy and corneal epithelial deposits[4]. 
The chloroquine induced retinal toxicity was 
found to be a serious adverse effect [5].  

Chloroquine has serious cardiac adverse 
effects including cardiomyopathy and 
conduction abnormalities[6]. Refractory 
ventricular arrhythmia with QT prolongation 
was also recorded[7]. 

Reports about psychiatric side effects of 
chloroquine are rare.  However, the list of 
recorded chloroquine induced neuro-
psychiatric disorders shows wide range of 
symptoms[8]. 

Feeling sad, loss of interest, and suicidal 
ideas were reported [9].Moreover, over-
activity, irritability, and talkativeness were 
also described [10]. Disorientation, confusion, 
agitation, and actual psychosis were also 
recorded[11&12]. 

Collins and McAllister[13] reported a 
case of female patient treated with 
chloroquine and complained of confusion, 
irritability, visual hallucinations, and 
paranoia with delusions. 

Manic episodes with psychosis in the 
course of bipolar disorder were also 
reported[14]. 

More recently, derealisation, per-
secutory delusions, anxiety, and visual 
illusions were found to be triggered by 
chloroquine administration [15]. 

In all these cases, chloroquine was 
prescribed for different indications.  The 
onset of chloroquine-induced psychiatric 
side effects may vary greatly. It was reported 
that the latency between chloroquine usage 
and the onset of psychiatric disorders to 
range between 6 to 432 hours (M = 100.08 ± 
96.00 hours)[16]. 

Moreover, all these psychiatric adverse 
effects of chloroquine were not dose-related. 
And there was no clear relationship between 
the severity of these effects and the dose of 
administered chloroquine [16]. So, during the 
differential diagnosis of chloroquine-
induced psychosis, other common co-
morbidities should be excluded, such as 
primary mental disorders, metabolic 
disorders, neuropsychiatric lupus, and 
glucocorticoid-induced psychotic disorder[8]. 

The hippocampus is a crucial 
component of human brain and brains of 



The Effect of Oral Chloroquine on the Hippocampus in Rats 

61 

other vertebrates. It is a part of the limbic 
system[17].  

The hippocampal formation plays 
important roles in behavior inhibition, 
memory, and spacing [18-21]. 

Regarding to behavior inhibition, it was 
found that hippocampal damage leads to 
hyperactivity in animals, moreover, animals 
with hippocampal damage often have 
difficulty in inhibiting responses that they 
have been taught before, especially those 
responses that require being quiet [18]. 

Neuroscientists and psychologists have 
the same opinion about the role of 
hippocampus in memory. It plays a 
fundamental role in the setting up of new 
memories about practiced events as 
autobiographical or episodic memory[22]. 

Also, hippocampus plays a major role in 
navigation and spatial memory. Studies that 
have been conducted on freely moving rats 
revealed that many neurons in the 
hippocampus have "place fields". These 
fields send shots of action potentials when a 
rat passes through a certain part of the 
environment[23]. 

Different studies concluded the 
protective effects of chloroquine on the 
nervous system in certain conditions. Zhang 
et al.[24] have proved that chloroquine 
inhibited the functions and proliferation of 
glial cells in the hippocampus and cerebral 
cortex of rats, so, it could alleviate the 
seizure activities in case of drug induced 
seizures. Other studies have revealed that 
chloroquine may have an important 
therapeutic role in both acute and chronic 
neuropsychiatric disorders such as 
Alzheimer’s disease (AD) and brain 
ischemia[25&26]. Then, the neuro-protective 
effects of chloroquine following traumatic 
brain injury were investigated in rat models. 
It was concluded that chloroquine attenuates 
autophagy and inflammation in rat 
hippocampus [27].  

On the other hand, different studies 
have proved the neurotoxic effects of 
chloroquine on healthy tissues. The study of 
Adjene and Adenowo[28] has revealed that 
chronic administration of chloroquine 
caused cellular degenerative changes in the 
inferior colliculus in rats leading to adverse 
effect on the functions of the inferior 
colliculus. Also, prolonged duration of 
chloroquine administration led to 
retinopathy in rats [29, 30]. More recently, it 
was proved that chloroquine increased the 
oxidative stress as it might adversely affect 
the DNA in rat brain[31]. 

Despite the results of these studies, 
information about the effect of chloroquine 
on healthy brain tissue especially 
hippocampus remains rare. So, it was 
important to study the effect of chloroquine 
on the normal structure of the hippocampus 
in rats in a trial to find clue to the above 
mentioned neuropsychiatric side effects of 
this drug. 

 

AIM OF THE WORK: 

In this study, the effect of oral 
chloroquine on the hippocampus of rats was 
assessed. 

 

MATERIAL AND METHODS: 

Animals: 

Twenty seven male adult albino rats 
(weighing 200 - 250 gm) were used. The rats 
were supplied water ad libitum, fed the 
standard rat chow, and kept under the same 
conditions throughout the duration of the 
study. The rats were obtained from the Ain 
Shams Faculty of Medicine Animal’s House. 

The study design: 

The animals were randomly divided into 
four groups: 

Group I (control group): Nine rats were 
further divided into two subgroups: 



Ahmed Farid Al-Neklawy 

62 

Group I-a: Three rats were left without any 
intervention and were sacrificed at the end 
of the experiment.  

Group I-b:Six rats received 4 ml of distilled 
water every day via oral gavage.  Every two 
rats were sacrificed after elapse of 2, 3, and 
4 weeks. 

Group II (chloroquine treated group for 
two weeks):Six rats received 4 ml of 
distilled water solution/day containing 
chloroquine in a dose of 80 mg/kg b.w[32] via 
oral gavage. The animals were sacrificed 
after two weeks. 

Group III (chloroquine treated group for 
three weeks): Six rats received chloroquine 
as in group II and were sacrificed after three 
weeks. 

Group IV (chloroquine treated group for 
four weeks): Six rats received chloroquine 
as in group II and were sacrificed after four 
weeks. 

Chloroquine was purchased as 
Chloroquine 250 mg tablets (Alexandria Co. 
for Pharmaceuticals, Alexandria, Egypt). 

Fixation and retrieval of the hippocampi: 

Under anesthesia, a median incision was 
done in the chest of each rat, a needle was 
introduced into the left ventricle and the 
brain was fixed in situ by perfusion with 
warm formalin 10% in phosphate buffered 
saline (PBS). The brains were dissected 
rapidly from the skulls and kept immersed in 
the fixative for at least ten days. The 
hippocampi were obtained through 
parasagittal section in one hemisphere and a 
coronal section in the other hemisphere. 

Histological study:   

The brain specimens were prepared for 
paraffin blocks. Serial sections of the 
thickness of 5 µm were obtained and stained 
with Bielschowsky silver and H&E stains 
then examined by light microscope[33]. 

 

Immunohistochemistry: 

In some paraffin sections, immune-
histochemical staining for GFAP (anti-glial 
fibrillary acidic protein) antibody was 
performed to examine the distribution of the 
astrocytes[34]. The reaction appeared as 
brown cytoplasmic coloration. 

Statistics and image analysis: 

Six different fields from six different 
stained sections at a magnification x400 of 
six different rats in each group were 
examined for measuring the thickness of 
pyramidal layer of different areas of the 
cornuammonis and granular layer of the 
dentate gyrus. Distribution of astrocytes was 
also assessed on RGB stacks of the 
photomicrographs. A binary mask was 
overlapped on the areas of immune 
reactivity using threshold adjustment. All 
measurements were taken by the Image G 
software. The mean values as well as 
standard deviation (SD) were calculated 
using version 17 of SPSS program, IBM 
Corporation, New York, USA. One way 
ANOVA (analysis of variance) was 
performed, then post hoc test to compare 
between the studied groups. With regard to 
probability, a P value less than 0.05 was 
considered significant and those less than 
0.001 were considered highly significant.  

Ethical consideration: 

All the experimental protocols were 
carried out according to the guidelines of the 
Committee of Animal Research Ethics 
(CARE), Ain Shams Faculty of Medicine. 

 

RESULTS: 

1. Histological and immunohistochemical 
results: 

Hematoxylin and eosin stained sections 
of the brain of the control group revealed the 
hippocampus with its distinctive curved 
shape. The dentate gyrus appeared as V or U 
shaped structure that wrapped around the 
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end of the hippocampus proper. The 
cornuammonis (CA) was differentiated into 
fields. CA1 represented the first region of 
the hippocampalformation. The CA3 
represented the last region of the 
hippocampus that dips into the dentate 
gyrus. The CA2 was the transitional zone 
connecting CA1 with CA3 (Fig. 1). 

1.1. The dentate gyrus: 

Hematoxylin and eosin stained sections: 

Examination of different stained 
sections of the brain of the control subgroup 
(I-b) revealed similar findings as compared 
to the control subgroup (I-a). 

Hematoxylin and eosin stained sections 
of the dentate gyrus revealed that it was 
formed of three layers: polymorphic, 
granular, and molecular; among which, the 
granular layer was the predominant layer. It 
was formed mainly of aggregation of 
granule cells which appeared rounded to 
oval in shape with scanty rim of cytoplasm. 
Their nuclei were large, vesicular, with 
prominent nucleoli (Fig. 2A). Examination 
of stained sections of group II showed 
preservation of its three layers. However, 
few cells appeared dark, shrunken with 
pericellular spaces and the nuclei were 
deeply stained. Few dark cells were irregular 
and elongated(Fig. 2B). As regard group III, 
the three layers of the dentate gyrus were 
still preserved with apparent decrease in 
thickness of the granular layer. Also, few 
cells appeared dark, shrunken, with deeply 
stained nuclei and pericellular spaces(Fig. 
2C).In group IV, examination of H&E 
stained sections showed that the majority of 
the granule cells were dark, shrunken, with 
pyknotic nuclei. Few normal granule cells 
were also seen (Fig. 2D). 

Bielschowsky silver stained sections: 

In Bielschowsky silver stained sections 
of the control group (group I), the granule 
cells showed its normal organization with 
regular outlines and dendrites (Fig. 3A). In 
both groups II and III, flame like 

neurofibrillary tangles were seen (Fig. 3B). 
As regard group IV, apparent increase in the 
number of neurofibrillary tangles was 
observed (Fig. 3D). 

Immunohistochemical staining for GFAP: 

Immunohistochemical staining for the 
control group (group I) showed the 
distribution of GFAP in astrocytes as dark 
brown dots or star shaped intracellular 
deposits (Fig. 4A). There was gradual 
apparent increase in the number of 
astrocytes and in the intensity of the reaction 
in groups II, III, and IV respectively (Figs. 
4B, 4C, and 4D). 

1.2. The cornuammonis: 

Hematoxylin and eosin stained sections: 

Examination of H&E stained sections of 
the different regions of the CA of the control 
group (group I) revealed that each region 
was formed of well-defined three layers: 
polymorphic, pyramidal, and molecular. 
Among these layers, the pyramidal layer was 
the main cell layer in the sections. This layer 
was formed of closely packed pyramidal 
cells which were arranged in a thickness of 3 
to 4 rows of cells. The pyramidal cell 
appeared to have a triangular cell body with 
a large vesicular nucleus and a prominent 
nucleolus (Figs. 5A & 6A). In CA3, the 
pyramidal cells appeared larger in size than 
in CA1 with rounded to oval shapes (Fig. 
7A). 

As regard group II, H & E stained 
sections showed the preservation of the three 
layers of the CA in all regions. However, 
few cells appeared dark, shrunken, with 
pyknotic nuclei were seen (Figs. 5B & 6B). 
In few sections, pyramidal cells were 
disorganized and few dark cells appeared 
irregular and elongated with tapering end 
(Fig. 7B). 

In group III, the three layers of the CA 
were also preserved in all regions with the 
presence of dark, shrunken cells with 
pyknotic nuclei (Figs. 5C & 6C). Some 
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sections showed apparent decrease in 
thickness of the pyramidal layer (Fig. 
5C).Moreover, apparent increase in dark 
cells having irregular and elongated shapes 
was seen in some sections (Figs. 6C & 
7C).While in group IV, there was loss of 
demarcation between the three layers of the 
CA in many sections. The pyramidal cells 
were widely separated and disorganized. 
Many cells appeared dark, shrunken, with 
pyknotic nuclei and pericellular spaces. 
Many irregular and elongated dark cells 
were seen (Figs. 5D, 6D & 7D). Apparent 
decrease in number of the pyramidal cells 
was also seen in some sections (Fig. 7D). 

Bielschowsky silver stained sections: 

In Bielschowsky silver stained sections 
of the control group (group I), the pyramidal 
cells showed regular outlines and dendrites 
(Fig. 8A). In group II, few flame like 
neurofibrillary tangles appeared in some 
sections (Fig. 8B). 

As regard group III, apparent increase in 
flame like neurofibrillary tangles was 
noticed in all regions of CA (Fig. 8C). In 
group IV, further increase in the flame like 
neurofibrillary tangles was seen (Fig. 8D). 

Immunohistochemical staining for GFAP: 

Again, immunohistochemical staining 
of the control group (group I) showed the 
distribution of GFAP in astrocytes as dark 
brown dots or star shaped intracellular 
deposits (Fig. 9A). There was also gradual 
apparent increase in the number of 
astrocytes and in the intensity of the reaction 
in groups II, III, and IV respectively (Figs. 
9B, 9C, and 9D). 

2. Morphometric results and statistics: 

A morphometric study was conducted 
and statistically analyzed. No significant 
differences were noted in the control group 
(I-b) in comparison with the control group 
(I-a). 

2.1. Thickness of the granular layer of the 
dentate gyrus: (Table 1) and 
(Histogram 1) 

The mean thickness of the granular 
layer of the dentate gyrus in group II 
revealed a non-significant decrease in 
comparison with the control groups. 
Moreover, the mean thickness of the 
granular layer of both group III and group 
IV recorded a highly significant decrease in 
comparison with the control groups and 
group II. 

Furthermore, there was a non-
significant decrease in group IV as 
compared with group III. 

2.2. Thickness of the pyramidal layer of 
the cornuammonis (CA): (Table 2) 
and (Histogram 2) 

CA1: 

The mean thickness of the pyramidal 
layer of the CA1 in group II revealed a non-
significant decrease as compared with the 
control groups. However, the mean 
thickness of the pyramidal layer of both 
groups III and IV recorded a highly 
significant decrease in comparison with the 
control groups and group II. 

Furthermore, there was a non-
significant decrease in group IV in 
comparison with group III. 

CA2: 

The mean thickness of the pyramidal 
layer of the CA2 in all experimental groups 
revealed a highly significant decrease in 
comparison with the control groups. As 
compared with group II, the mean thickness 
of the pyramidal layer of both groups III and 
IV recorded a significant decrease and a 
highly significant decrease respectively. 

Moreover, there was a highly significant 
decrease in group IV as compared with 
group III. 
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DISCUSSION: 

The present work provided an evidence 
of the detrimental effect of chloroquine 
administration on the hippocampal neurons 
in adult male albino rats. This evidence was 
obtained on both histological and immune-
histochemical levels. The results obtained 
from this study showed the signs of neuronal 
damage in the hippocampi of chloroquine 
treated rats compared to those of control 
rats. Examination of different components of 
the hippocampal formation showed dark, 
shrunken cells, with pyknotic nuclei and 
large pericellular spaces. These degenerative 
signs appeared in group II, and increased in 
both groups III and IV providing evidence 
that these changes were duration dependent.  

In the present study, male albino rats 
were used to avoid the female hormonal 
effect as estrogen hormone was suggested to 
enhance cell proliferation which may mask 
the studied adverse effects[35]. 

The stains employed in this study are 
classically used to examine signs of neuronal 
injury in conditions of memory affection as 
in cases of AD[36]. Hematoxylin and eosin 
staining was utilized to examine the 
morphology of pyramidal and granular nerve 
cells[37]. Subsequently, Bielschowsky silver 
stain was used to detect neurofibrillary 
tangles (NFTs)[38]. Finally, Immuno-
histochemical localization of GFAP was 
employed to study the response of astrocytes 
to neuronal injury as well as their 
distribution[34].  

The current study included all regions of 
the hippocampus as regard H&E staining 
and most of the morphometric measure-
ments. As regard Bielschowsky silver and 
immunohistochemical stains, the study 
focused on the area’s most involved in 
memory; the dentate gyrus and 
cornuammonis (CA1) of the hippocampus 
proper. The dentate gyrus plays an important 
role in memory especially long term 
potentiation (LTP) and long-lasting 
strengthening of synaptic connections 

following repeated stimulation. This role is 
attributed to the function of mossy fibers in 
the memory pathway[39]. Furthermore, the 
neurons of CA1 take a major part in 
processing of the hippocampus-dependent 
memory[40] and LTP[41].  

In the present study, neural degeneration 
in the form of cellular shrinkage and nuclear 
pyknosis was detected in H&E stained 
sections. This was in accordance with neuro- 
pathologically studied cases of AD [42] that 
revealed neuronal death in the hippocampus, 
which was recorded to be the most severely 
involved region in the brain in AD [43]. 

The results of the present work revealed 
the presence of irregular and elongated dark 
cells resembling those having NFTs of tau 
protein. These were observed in H&E 
stained sections and confirmed by 
Bielschowsky silver staining. NFTs were 
seen in the neurons of all chloroquine treated 
rats that increased with duration of the 
treatment. In support of results of the present 
study, researchers stated that in neuro-
degenerative diseases that are called 
tauopathies including AD, tau protein is 
hyperphosphorylated with subsequent 
aggregation into bundles of filaments [44]. 
Neurofibrillary degeneration of hyper-
phosphorylated tau protein is apparently 
required for the clinical expression of AD 
and related tauopathies[45]. Moreover, non-
invasive staging of AD needs multi-
parametric quantitative MRI imaging 
technique to classify regions of high and low 
NFTs density [46].  

In the present work, a non-significant 
increase in the density of astrocytes in the 
two weeks chloroquine treated group was 
observed. Also, a significant increase was 
seen in both groups III and IV. So, this 
increase was found to prevail by increasing 
duration of chloroquine treatment. In 
consistence with these findings, it was 
reported that late stages of neuro-
degenerative diseases such as AD show 
astrogliosis that was routinely detected in 
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post-mortem human tissues and is also 
observed in animal models of these diseases. 
This astrogliosis is characterized by 
hypertrophy of astroglial cells and 
accompanied by upregulation of the 
expression of GFAP[47].  

All these results were supported on 
morphometric level. There was a highly 
significant decrease in the thickness of 
granular layer of dentate gyrus and 
pyramidal layer of CA especially in both 
groups III and IV as compared with control 
groups. 

So, the results of the present study 
collectively were similar to those typically 
described in the pathological features of 
neurodegenerative diseases especially 
AD[48]. These results were particularly more 
prominent in groups III and IV.  

The results of the present study go in 
agreement with results of other studies that 
revealed the neurotoxic effects of 
chloroquine. 

Chloroquine has been reported to cause 
damage to both spinal cord and brain of 
fetus, including damage to sense of balance 
and hearing in animal studies [49]. 

Adjene and Adenowo[28] have recorded 
the adverse effects of chloroquine on the 
inferior colliculus in rats and stated that 
these adverse effects may underlie the 
possible neurologic symptoms, such as 
tinnitus, that previously reported by 
Manolette[50] following chloroquine 
treatment. 

Mahon et al. [51] and Yamada et al. [52] 
have reported that chloroquine neutralized 
the cellular acidic organelles such as 
lysosomes resulting in the elevation of PH 
with resultant inhibition of the acid 
dependent hydrolases of these organelles. 
This mechanism was believed to cause the 
chloroquine induced retinopathies.  

Also, it was recorded that antimalarial 
drugs disrupt both serotonin biosynthesis 
and function, giving important insight to the 

action of these drugs on mammalian cells 
and development of psychiatric side 
effects[53]. 

More recent study concluded that 
chloroquine produced oxidative stress in the 
brain, liver, and kidney of rats and adversely 
affected the DNA[31].   

On the other hand, results of the present 
study were contrary to those of other 
researchers who recorded the neuro-
protective effect of chloroquine in certain 
situations. 

During brain tumor therapy, Naoshi et 
al.[54] stated that chloroquine was useful to 
reduce the toxicity of tumor therapy for 
normal brain without inhibiting antitumor 
efficacy and increased the therapeutic 
window for brain tumor therapy.  

Chloroquine was believed to inhibit the 
functions and proliferation of glial cells in 
the hippocampus and cerebral cortex of rats 
alleviating the seizure activities in cases of 
drug induced seizures [24]. Other studies 
revealed that chloroquine had a potential 
therapeutic role in both chronic and acute 
neurological disorders, including brain 
ischemia and AD[25&26]. Moreover, 
chloroquine attenuated autophagy and 
inflammation in rat hippocampus following 
traumatic brain injury[27].  

Limitations of the study: 

Although the results of this study were 
informative about the deleterious effect of 
chloroquine on the structure of the 
hippocampus in rats, it has certain 
limitations. This study is one of the rare 
studies that conducted to assess the effect of 
chloroquine on healthy hippocampus on 
histological, immunohistochemical, and 
morphometric levels. The study also 
included different durations of treatment but 
with the same daily dose lacking the 
comparison between different doses of 
chloroquine. So, it is recommended to 
conduct further studies including different 
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doses of the drug with examination of 
different parts of the nervous system. 

Conclusion: 

It was concluded that oral administra-
tion of chloroquine caused duration 
dependent neuronal damage in the 
hippocampus of male adult albino rats 
giving a possible explanation for 
chloroquine induced neuropsychiatric 
adverse effects. This could demonstrate 
valuable for individuals who deal with 
chloroquine prescriptions. 

Conflict of interest: 

We declare that we have no conflict of 
interest, intent of financial gain, or 
commercial associations regarding this 
research. 

Acknowledgments: 

The author expresses his gratitude to 
Professor Kawther Ahmed Hafez, Professor 
of Anatomy, Ain Shams Faculty of 
Medicine, for the great guidance and support 
in reviewing this work.  

The author would like also to thank Dr. 
Marwa Abd El Moneim, Lecturer of 
Anatomy, Ain Shams Faculty of Medicine, 
for the fruitful help in completing this work.  

 

REFERENCES: 

1. Nevin RL, Croft AM. Psychiatric effects of 
malaria and anti-malarial drugs: historical 
and modern perspectives, Malar J. 2016; 15: 
332. 

2. British Medical Association and the Royal 
Pharmaceutical Society of Great Britain: 
British National Formulary. BMJ 
Publishing Group, UK. 2014; 67thed.  

3. Al-Bari MA. Chloroquine analogues in drug 
discovery: new directions of uses, 
mechanisms of actions and toxic 
manifestations from malaria to multifarious 
diseases, J Antimicrob Chemother.2015; 70: 
1608–1621. 

4. Yam JC and Kwok AK. Ocular toxicity of 
hydroxychloroquine, Hong Kong Med 
J.2006; 12(4):294–304. 

5. GeamănuPancă A, Popa-Cherecheanu A, 
Marinescu B et al. Retinal toxicity 
associated with chronic exposure to 
hydroxychloroquine and its ocular 
screening. Review, J Med Life.2014; 7: 
322–326. 

6. Yogasundaram H, Putko BN, Tien J et al. 
Hydroxychloroquine induced cardiomyo-
pathy: case report, pathophysiology, 
diagnosis, and treatment, Can J 
Cardiol.2014; 30: 1706–1715. 

7. Chen CY, Wang FL, and Lin CC. Chronic 
hydroxychloroquine use associated with QT 
prolongation and refractory ventricular 
arrhythmia, ClinToxicol (Phila).2006; 44: 
173–175. 

8. Anna Bogaczewicz and Tomasz Sobów. 
Psychiatric adverse effects of chloroquine, 
Psychiatr Psychol Klin.2017, 17 (2): 111–
114. 

9. Das EM and Mohan D. Chloroquine-related 
depression, Indian J Psychiatry.1981; 23: 
184–185. 

10. Lovestone S. Chloroquine-induced mania, 
Br J Psychiatry.1991; 159:164–165. 

11. Manzo C, Gareri P, and Castagna A. 
Psychomotor Agitation Following 
Treatment with Hydroxychloroquine, Drug 
Saf Case Rep. 2017; 4(1):6. 

12. Mascolo A, Berrino PM, Gareri P, Castagna 
A, Capuano A, Manzo C, Berrino L. 
Neuropsychiatric clinical manifestations in 
elderly patients treated with hydroxyl-
chloroquine: a review article, Inflammo-
pharmacology. 2018; 26(5):1141-1149. 

13. Collins GB and McAllister MS. 
Chloroquine psychosis masquerading as 
PCP: a case report, J Psychoactive Drugs. 
2008; 40: 211–214. 

14. Bogaczewicz J, Sobów T, Bogaczewicz A 
et al. Exacerbations of bipolar disorder 
triggered by chloroquine in systemic lupus 
erythematosus – a case report, Lupus.2014; 
23: 188–193. 

15. Bogaczewicz A, Sobow T, Bogaczewicz J 
et al. Chloroquine-induced subacute 
paranoid-like disorder as a complication of 
dermatological treatment, Int J Dermatol. 
2016; 55: 1378–1380. 



The Effect of Oral Chloroquine on the Hippocampus in Rats 

77 

16. Biswas PS, Sen D, and Majumdar R. 
Psychosis following chloroquine ingestion: 
a 10-year comparative study from a 
malaria-hyperendemic district of India, Gen 
Hosp Psychiatry.2014; 36: 181–186. 

17. Pearce J. The effects of telencephalic pallial 
lesions on spatial, temporal, and emotional 
learning in goldfish, Journal of Neural 
Neurosurgery Psychiatry.2001;71 (3): 351. 

18. Buzsáki G, Chen LS, and Gage FH. Spatial 
organization of physiological activity in the 
hippocampal region: relevance to memory 
formation, Progressive Brain Research. 
1990; 83: 257–68. 

19. Chiu YC, Algase D, Whall A, et al. Getting 
lost: directed attention and executive 
functions in early Alzheimer's disease 
patients, Dementia Geriatric Cognitive 
Disorder.2004; 17 (3): 174–80. 

20. Cho RY, Gilbert A, and Lewis DA. The 
neurobiology of schizophrenia. In Charney 
DS, Nestler EJ, Neurobiology of Mental 
Illness.2005; 22: 1-141. 

21. Buzsáki G. Neural syntax: cell assemblies, 
synapsembles, and readers, Neuron.2010; 
68: 362–385. 

22. Carey B. H. M., an Unforgettable 
Amnesiac, Dies at 82, New York Times. 
2008; Retrieved 2009-04-27. 

23. Duvernoy HM. Introduction. The Human 
Hippocampus.2005; 3rd ed. 

24. Zhang S1, Zhu C, Liu Q, Wang W. Effects 
of chloroquine on GFAP, PCNA and cyclin 
D1 in hippocampus and cerebral cortex of 
rats with seizures induced by 
pentylenetetrazole, J Huazhong Univ Sci 
Technolog Med Sci. 2005; 25(6):625-8. 

25. Zhang JY, Peng C, Shi H, Wang S, Wang Q 
and Wang JZ: Inhibition of autophagy 
causes tau proteolysis by activating calpain 
in rat brain, J Alzheimers Dis. 16:39–47. 
2009. 

26. Liu C, Gao Y, Barrett J and Hu B: 
Autophagy and protein aggregation after 
brain ischemia, J Neurochem.2010; 115:68–
78.  

27. Chang‑Meng Cui Jun‑Ling Gao Ying Cui 
Li‑Qian Sun Yong‑Chao Wang Kai‑Jie 
Wang Ran Li Yan‑Xia Tian Jian‑Zhong 

Cui. Chloroquine exerts neuroprotection 
following traumatic brain injury via 
suppression of inflammation and neuronal 
autophagic death, Molecular Medicine 
Reports. 2015; 12(2) :2323-2328. 

28. Adjene JO and Adenowo TK. Histological 
studies of the effect of chronic 
administration of Chloroquine on the 
inferior colliculus of adult Wistar rat, 
JMBR. 2005; 4 (1):83-87. 

29. Dina H. Abdel Kader, Safinaz Salah El Din 
Sayed, and Tarek A. El-Ghamrawy. 
Chloroquine-Induced Retinopathy in the 
Rat: Immunohistochemical and Ultra-
structural Study, Journal of Medical 
Sciences.2007; 7(8): 1225-1238. 

30. Muhammad H Muhammad. Effect of 
Chloroquine Drug on the Retina of Adult 
Albino Rats, Med. J. Cairo Univ.2011; 
79(1): 601-609. 

31. Giovanella F, Ferreira GK, de Prá SD, 
Carvalho-Silva M, Gomes LM, Scaini G, 
Gonçalves RC, Michels M, Galant LS, 
Longaretti LM, Dajori AL, Andrade VM, 
Dal-Pizzol F, Streck EL, and de Souza RP. 
Effects of primaquine and chloroquine on 
oxidative stress parameters in rats, An Acad 
Bras Cienc.2015; 87(2 Suppl):1487-96. 

32. Duncker G, Schmiederer M, and Bredehorn 
T. Chloroquine-induced lipidosis in the rat 
retina: A functional and morphological 
study, Ophthalmologica.209; 79-83, 1996. 

33. Drury R and Wallington E. Carleton's 
Histological Techniques, 5th edition, 
Oxford University Press, New York.1980; 
p. 127. 

34. Chen H and Weber A. Expression of glial 
fibrillary acidic protein and glutamine 
synthetase by Muller cells after optic nerve 
damage and intravitreal application of 
brain-derived neurotrophic factor, GLIA. 
2002; 38:115–125. 

35. Tanapat P, Hastings NB, Reeves AJ, and 
Gould E. Estrogen stimulates a transient 
increase in the number of new neurons in 
the dentate gyrus of the adult female rat, 
Journal of neuroscience.1999; 15; 19(14): 
5792-5801. 

36. Perl DP. Neuropathology of Alzheimer's 
disease, Mt Sinai J Med.2010; 77(1):32-42. 



Ahmed Farid Al-Neklawy 

78 

37. Fischer AH, Jacobson KA, and Rose J, et al. 
Hematoxylin and eosin staining of tissue 
and cell sections, CSH Protoc.2008; 
pdb.prot4986. 

38. Bancroft, John D and Gamble M. Theory 
and Practice of Histological Techniques, 
Oxford: Churchill Livingstone 
Elsevier.2008; 6: 270-272. 

39. Blumenfeld H. Neuroanatomy through 
Clinical Cases, Yale J Biol Med.2010; 
83(3): 165–166. 

40. Squire LR and Bayley PJ. The neuroscience 
of remote memory, Curr Opin Neurobiol. 
2007; 17(2):185–196. 

41. Ravassard P, Pachoud B, Comte JC, et al. 
Paradoxical (REM) sleep deprivation causes 
a large and rapidly reversible decrease in 
long-term potentiation, synaptic transmiss-
ion, glutamate receptor protein levels, and 
ERK/MAPK activation in the dorsal 
hippocampus, Sleep.2009; 32: 227–240. 

42. Jellinger KA and Stadelmann C. Problems 
of cell death in neurodegeneration and 
Alzheimer’s Disease, Journal of 
Alzheimer’s Disease. 2001; 3:31–40. 

43. Perry G, Numomura A, and Smith MA.  A 
suicide note from Alzheimer disease 
neurons? Nature Medicine.1998; 4: 897–
898. 

44. Grundke-Iqbal I, Iqbal K, Tung YC, 
Quinlan M, Wisniewski HM, and Binder 
LI. Abnormal phosphorylation of the 
microtubule-associated protein tau (tau) in 
Alzheimer cytoskeletal pathology, Proc 
Natl AcadSci USA.1986; 83:4913–4917. 

45. Avila J and Hernandez F.GSK-3 inhibitors 
for Alzheimer's disease, Expert Rev 
Neurother.2007; 7:1527–1533. 

46. Wells JA, O'Callaghan JM, Holmes HE et 
al. In vivo imaging of tau pathology using 
multi-parametric quantitative MRI, 
Neuroimage. 2015; 111: 369–378. 

47. Olabarria M, Noristani HN, Verkhratsky A, 
and Rodriguez JJ. Age-dependent decrease 
in glutamine synthetase expression in the 
hippocampal astroglia of the triple 
transgenic Alzheimer's disease mouse 
model: mechanism for deficient 
glutamatergic transmission? Molecular 
Neurodegeneration.2011; 6:55. 

48. Brion JP. Neurofibrillary tangles and 
Alzheimer's disease, Eur Neurol. 1998; 40 
(3): 130-40. 

49. Macromedex. Full disclaimer e-medicine 
journal, Neuroanatomy.2001; 2(5). 

50. Manolette Rangel Roque. Chloroquine/ 
Hydroxychloroquine toxicity, e-Medicine 
Journal. 2001; 2(5). 

51. Mahon GJ, Anderson HR, Gardiner TA, 
Mcfarlane S, Archer DB, and Stitt AW. 
Chloroquine causes lysosomal dysfunction 
in neural retina and RPE: Implications for 
retinopathy, Curr. Eye Res.2004; 28: 277-
84. 

52. Yamada Y, Hidefumi K, Shion H, Oshikata 
M, and Haramaki Y. Distribution of 
chloroquine in ocular tissue of pigmented 
rat using matrix-assisted laser desorption/ 
ionization imaging quadrupole time-of-
flight tandem mass spectrometry, Rapid 
Commun Mass Spectr.2011; 15; 25 (11):1. 

53. Farida Islahudin, Sarah M Tindall, Ian R 
Mellor, Karen Swift, Hans EM 
Christensen,Kevin CF Fone, Richard J 
Pleass, Kang-Nee Ting, and Simon V 
Avery. The antimalarial drug quinine 
interferes with serotonin biosynthesis and 
action, Scientific Reports.2014; 4: 3618. 

54. Naoshi Hagihara, Stuart Walbridge, Alan W 
Olson, Edward H Oldfield, and Richard J 
Youle. Vascular Protection by Chloroquine 
during Brain Tumor Therapy with Tf-
CRM107, CANCER RESEARCH.2000; 
60:230–234. 

 

   



The Effect of Oral Chloroquine on the Hippocampus in Rats 

79 

ھل تناول الكلوروكين عن طريق الفم يؤثر على الحصين في الفئران؟ مفتاح لآلثار السلبية العصبية 
  والنفسية الناجمة عن تناول الكلوروكين

  أحمد فريد محمد بدوي النكالوي

  مصر –القاھرة  –جامعة عبن شمس  –كلية الطب  –التشريح واألجنة قسم 

  المملكة العربية السعودية –جدة  –كلية فقيه للعلوم الطبية  –قسم علوم وظائف األعضاء 

 

وتعد .المالريا عالجله ھو  الرئيسي يعد االستخدامو. الطب في واسع نطاق على يستخدم الكلوروكين :خلفية البحث
 التي يسببھا النفسيةاالضطرابات العصبية و قائمة فإن ذلك، مع . نادرة ينباآلثار الجانبية النفسية للكلوروك المتعلقةالتقارير 

  . األعراض من واسعة مجموعة تشمل لكلوروكينا

  .الفئران فيالحصين الفمعلى طريق عن الكلوروكينتناول تأثير  تقييم تم الدراسة، ھذه في :الھدف من البحث

. إلى أربع مجموعات عشوائيًا البالغة اءمن ذكور الفئران البيضسبعة وعشرينتم تقسيم  :المواد والطرق المستخدمة
المجموعة .ب – ١وأ  -١إلى مجموعتين فرعيتين  فرعيةتسعة فئران تم تقسيم ): المجموعة الضابطة(المجموعة األولى 

بجرعة  الكلوروكين على يحتوي يوميًا الماء المقطر محلول مل من٤تلقت ستة فئران ): الكلوروكين لمدة أسبوعين(الثانية 
تلقت ستة فئران ): الكلوروكين لمدة ثالثة أسابيع(المجموعة الثالثة . أسبوعين لمدة الفم طريق عن الجسم كغمنوزن/ مغ  ٨٠

تلقت ستة ): الكلوروكين لمدة أربعة أسابيع(المجموعة الرابعة . المجموعة الثانية لمدة ثالثة أسابيعالكلوروكين كما في 
الحصين  ومعالجته  خراج، تم است بالفئران بعد التضحية. فئران الكلوروكين كما في المجموعة الثانية لمدة أربعة أسابيع

 صبغ إجراء وتمالفضة  ين وبيلشوفسكيسيواھيماتوكسلين وبصبغتي  البارافين قطاعات صبغ تم. للفحص بالمجھر الضوئي
  . لفحص توزيع الخاليا النجمية مناعي

ومساحات  أنوية داكنةكشف فحص مناطق مختلفة من تكوين الحصين عن وجود خاليا داكنة منكمشة ، مع  :النتائج
. مختلف المقاطع المصبوغةفي  ةالليفي ةالعصبي اتشوھدت التشابكو . كبيرة حول الخاليا في جميع المجموعات المعالجة

كل من ، كان ھناك انخفاض في سمك قياسيةمن الناحية الو. عالوة على ذلك ، لوحظت زيادة في كثافة الخاليا النجمية
المجموعة ف المسنن في جميع المجموعات المعالجة بالمقارنة مع الطبقة الحبيبية من التلفيآمون و الطبقة الھرمية لقرن

  . في المجموعتين الثالثة والرابعة كانت أكثر وضوًحاكل ھذه التغييرات في المجموعة الثانية ، وظھرت  . الضابطة

العالج على مدة  اعتمدتعن طريق الفم تسبب في أضرار عصبية الكلوروكين  أن تناولمن ھذا البحث نتج:االستنتاج
  .الكلوروكينتناول  لنفسية الناجمة عنلآلثار السلبية العصبية وا محتماًل  اتفسيرً مما يعطي الفئران حصين في 


