
Original Research   Vol 15 (1) May 2024-Oct 2024 

J Muhammad Med Coll   45 Open Access  
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Tazeen Kohari
1
, Raja Faisal Zulfiqar 

2,*
, Tayyaba Kazmi

3
, Roshan Ali Zardari

4
,  

Muhammad Yousuf Khoso
5
, Amanullah Khokhar

6
.  

Introduction:  
A thorough account of the development of the cerebellum 
has been presented by embryologists. They indicate that in 
the fifth week, the rhombencephalon, which is a hindbrain 
vesicle, begins to develop. This structure includes the most 
caudal brain vesicle, referred to as the myelencephalon, 
along with the metencephalon, which arises from the isth-
mus of the rhombencephalon. The walls of the metenceph-
alon give rise to the pons and cerebellum, while the superi-
or section of the fourth ventricle is derived from the cavity 
of the metencephalon. The cerebellar cortex is organized 
through the migration of proliferating cells from the mantle 
layer into the marginal layer.

1
 The posterior cranial fossa 

contains the cerebellum. Tentorium cerebelli, separates it 
from the cerebrum. The two cerebellar hemispheres are 
joined by vermis and anterior, posterior, and flocculonodu-
lar, are the constituent cerebellarlobes.

2
 Cerebellum is eas-

ily targeted by neurotoxic agents affecting, all age groups. 
Researches have proved that Purkinje neurons were the 
main target of this Cerebello toxic substance taken for pro-
long period.

3
 

Lithium is lustrous, white, soft and pharmaceutical industry 
are producing several of its compounds as it is popularly 
used in psychiatric disorders.4 It is absorbed from intes-
tines and reaches blood stream in 3 to 4 hours. Pharmaco-
logical half-life is 24 hours and it is 95 percent excreted in 
urine. The gold standard drug lithium is popular for long 
term management of mood disorders; mainly used for the 
prophylaxis of recurrence of manic, hypo-manic, and de-
pressive episodes.

5
 Voltage gated sodium channels guards 

the entry of lithium carbonate and it is transported out of 
the cell through the electrochemical gradient that moves 
sodium inside and out of the cell, this action causes a de-
crease output in action potential. Fall in impulse conduction 
causes decrease duration of action potential and re-
polarization phase. This theory suggests that lithium acts to 
decrease depolarization which results from increased sodi-
um influx the effect of lithium on action potential and after 
potential suggests that lithium acts to decrease outward 
current in neurons thereby suppresses action potential ex-
aggeration and for this reason it is used in hyper maniac 
states or bipolar disorder.

6
 bipolar disorder is a critical 

mental disorder, marked personal and social disability. In 
hyper manic condition, a strong treatment is usually re-
quired; clinically bipolar patients need long-term treat-
ments, to extend the free interval, to stop recurrences, to 
decrease aggressive  symptoms, in patients leading to im-
provement of family coordination and social demands  
these are the reasons that and lithium is prescribed in hos-
tile irritable , hypo-manic, conditions.7 Recent clinical stud-
ies have documented that lithium used for 20 years in bipo-
lar disorder caused tremors, ataxia, and cognition failure. 
Inability to walk, hallucinations and dementia are result of 
increased serum levels of lithium. Expert management in-
volving fluid diuresis results in resolution of the neural 
symptoms.

8
 Clinicians have shown concerns over the scar-

city of the literature on neurological challenges in patient’s 
prescribed lithium therapy for prolonged period of time. The 
non-availability of therapeutic and medicinal literature on 
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lithium adverse effects on purkinje neurons compelled us 
to conduct this present experimental study on the adverse 
effects of Lithium therapy.  
Methodology: 
After ethical permission vide letter no: f.1-2/2017/BMSI–
E.COMT/ 041/JPMC, study was conducted for a period of 
was 8 weeks 1

st
 of March 2020 to 2

nd
 of May 2020. Sample 

size was calculate using Clinstat online sample size calcu-
lator, following formula and parameters were applied: 

9, 10 

For 95% confidence interval (CI) and 80% power of study 
the sample size of twenty-four (24) was found satisfactory. 
Twenty-four (24) adults male Wistar albino rats, aged 11-
12 weeks and weighed 230-250 grams were selected and 
divided into two groups A & B. Female, obese, physically 
inactive animals that had developed signs of disease or felt 
sick were excluded from this study. At random the rodents 
were allotted identification numbers. Group A had twelve 
rodents and Group B contained twelve animals. The Albi-
nos were kept in cages with controlled temperature and 
lighting. Their diet contained fresh green leafy vegetables, 
flour pellets and water common for both groups. Both ex-
perimental group rodents were acclimatized for a week 
prior to study in a twelve-hour day night routine cycle. 
Group A was given only laboratory healthy diet and water 
and it served as control while the Group B, the experi-
mental group, in addition to lab diet were given Lithium car-
bonate 20 mg /kg 

11
  purchased by name of Lithobid mixed 

in flour pellets. At the end of study period both group ani-
mals were sacrificed after giving them ether. After animals 
of both groups were anesthetized, the cranium was dis-
sected using a straight scissor midline incision was given 
from backward forward, each half of scalp was grasped by 
Halsted-mosquito forceps and skull was exposed after mid 
sagittal incision was made in the scalp. The temporal 
bones of the skull were exposed after removing temporalis 
muscle. Cranium was separated from cervical region. Us-
ing a straight scissor, the scalp was separated from the 
underlying tissue. Then cautiously, foramen magnum was 
grasped and the occipital bone was removed, the cerebel-
lum was identified and removed, then it was placed on dis-
secting tray. For twenty-four hours cerebellum was fixed in 
normal saline. Ascending grades of alcohol and xylene 
were used in the process of clearing cerebellar tissue and 
then it was infiltrated by paraffin. Blocks of tissue placed in 
paraffin were prepared and tissues were placed in such a 
position that transverse sections of cerebellar tissue were 
obtained and each placed on glass slides. On a rotatory 
microtome four-micron thick sections were cut and placed 
on water bath at a temperature of 42 degree centigrade. 
The drifting sections were then taken from water bath and 
slides were kept in a slanting position for half hour after 
they were covered with slide cover. For purpose of perma-
nent fixation, they were kept in oven for 2-3 hours. Staining 
of the experimental cerebellar tissue was performed with 
haematoxylin and eosin, the shape of the Purkinje neurons 
and the Purkinje cells count was documented in both 
groups.

12
 Photography was done for both groups and re-

sults were documented.  

Micrometry: The ocular micrometer and counting reticule 
were adjusted on the stage micrometer for documentation 
of the purkinje cells count. The scale of .01mm in length 
divided into 100 parts so each division measured 10µm 
was used and placed on microscope stage for calibration 
There were 100 divisions and the reticule used had 20 
squares of the ocular micrometer and calibrations were 
along both x and y axis, in the right eye the ocular microm-
eter was placed and the reticule in left eye piece. Calibra-
tions of stage micrometer scale with ocular counting reti-
cule under 100 magnifications. The ocular reticule was 
placed in left eye piece. One square of ocular reticule in 
both X and Y axes coincided with two divisions of stage 
micrometer scale which were equal to 20 µm, so the length 
of the reticule in both X and Y axes is equal to 
20×20=400µm or is equal to 0.4m; therefore the area of 
reticule equals to 0.40x0.40=0.16mm

2
. Micrometry was 

performed for Purkinje cells count and was noted. The orig-
inal results of the change measured of decreased purkinje 
cells count in group B were observed. Readings were tak-
en in both groups and the mean was calculated for each 
group. The original purkinje cells count were compared and 
calculated using SPSS version 22. 

Results: 

 
(n) = Sample size, r = Ration of case to 
control, p = Population proportion, p1= 
Case proportion, p2 = Control proportion, 
Z1-β = Power of study, Z1-α/2 = Critical 
value . 

(H&E, 400×) 

Fig 1. A: Cerebellar cortex of group (A) showing  scat-
tered glial cells (black arrow ↑). The cells of the Purkinje 
cell layer (▲ arrow heads) appear to have vesicular 
nuclei surrounded by cells of neuroglia (red arrow ↑). 
molecular layer (M). 

(H&E, 400×) 

Figure 1-B: Cerebellar cortex of group (B) showing 
marked hollow spaces (S) with some darkly stained 
nuclei (▲ arrow heads), (G) indicates shrunken granu-
lar layer containing several apoptotic cells containing 
pyknotic nuclei. Patches of degenerated tissue (D) 
along with glial cells (black arrow ↑) located in molecu-
lar layer (M).  
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The hematoxylin & eosin-stained sections of cerebellar 
cortex of control group “A” showed that the purkinje neu-
rons had a normal flask shaped appearance, in comparison 
group “B” revealed distorted purkinje cell layer with loss of 
normal histology and apoptosis of purkinje neuronal cells. 
Karyolytic and pyknotic cells were clearly visible and abun-
dant. (Picture-1, A & B) 

Figure  No 1: A & B.  

The mean count of purkinje cells in Group “A” was 28.9 
±0.85 (cells /µm2) in comparison for Group “B” it was 
11.4±0.41 (cells /µm2). Statistical analysis using paired 
sample t test showed a highly significant difference with p 
value of In comparative analysis a highly significant p-value 
of 0.001 as shown in table no 1.   
 

Table No 1: Cerebellar purkinje cells count in group A & B.  

*=paired sample t test. 

Discussion: 
In 1870, Dr. Silas Weir Mitchell, a neurologist, recommend-
ed lithium bromide, a compound derived from lithium, as a 
treatment for epilepsy, serving as both an anticonvulsant 
and hypnotic. The subsequent year, Dr. William A. Ham-
mond, a professor specializing in mental and nervous sys-
tem diseases at Bellevue Hospital Medical College in New 
York, became the first to prescribe lithium for mania. Over 
the years, anecdotal evidence has bolstered the continued 
use of lithium in medical and psychiatric settings for condi-
tions such as mania, psychosis, depression, and joint in-
flammation.

13-16
 The main effect of lithium is that it trans-

forms intracellular signaling by inhibiting inositol mono-
phosphate, which adversely effects neurotransmission car-
ried out by the secondary messenger system. It causes 
mutations n genomic expression associated with neuro-
transmission

 
which leads to a decreased activity of protein 

kinase C.
17 

It’s absorbed from gastrointestinal tract and 
after oral intake it requires 0.25 to 3 hours to reach peak 
blood concentrations.

18
 The drug Lithium is expelled in its 

original form through the urine. Li+ causes a decline in 
neurotransmission as it inhibits dopamine and glutamate 
secretions .Inhibitory transmission is increased by lithium 
as it  increases Gamma amino butyric acid (GABA) recep-
tors activity which results in augmenting Gamma amino 
butyric acid (GABA) N-methyl D-aspartate (NMDA) recep-
tors and serotonin levels and decreases glutamate and 
down-regulate NMDA receptors  (N-methyl D-aspartate 
receptors).

19 
These actions of lithium causes down regula-

tion of  glycogen synthetase kinase 3 and inositol mono-
phosphatase within the signaling pathway. It causes de-
crease of phosphatidyl inositol 4, 5-biphosphate due to in-
hibition of the breakdown of inositol monophosphate to ino-
sitol; which leads to insufficient quantity of free inositol. The 
Phosphatidylinositol 4,5-bisphosphate (PIP2) is a prede-
cessor of second messenger’s inositol (IP3)inositol 
trisphosphate and diacylglycerol (DAG) in the cell mem-

brane.
20

 Two-second messengers are responsible for di-
verse damaging effects as researchers have found them to 
be increased in bipolar disorders (BD).

21, 22 
 

Histologically cerebellum consists of five types of perma-
nent cells among which purkinje cells provide sole efferent 
output of the cerebellar cortex and are the central element 
around which hind brain cerebellar circuit is arranged but 
they are damaged by Lithium.

23 
It was reported that lithium 

disrupts calcium hemostasis in purkinje cells and leads to 
calcium hyper excitability causing neuronal death. Neu-
ronal dysfunction like Cerebellar syndrome has been de-
scribed after acute lithium therapy. Neurodegenerative 
studies have reported neuronal injury and cellular apopto-
sis in the cerebellum.

24 

Studies have demonstrated a reduction in the number of 
purkinje cells

 
due to the blockade of entrance of calcium 

into purkinje cells causing neuronal nuclear death, the 
same effects of lithium were discovered by Caballero-
Florán RN et al., they had reported that it caused inhibition 
of glycogen synthetase kinase which leads to purkinje cell 
loss, the same findings were documented in our study.

6,25
 

The prominent clinical side effects caused by lithium are 
due to Purkinje cell loss as noted by Izchak Kohen and the 
results of atrophy of purkinje neurons were also detected in 
our research.

 26
 The severe cerebellar syndrome is caused 

by purkinje neuronal loss due to disruption of calcium he-
mostasis, a finding in agreement with the finding of current 
study.   

Limitations: A larger sample size study will be helpful to 
reinforce the findings of current study. Electron microscopic 
evaluation as well as clinical signs and symptoms will pro-
vide further information and in-depth analysis.  

Conclusion: 

Prolonged consumption of lithium can lead to irreversible 
damage to the cerebellum, primarily due to the apoptosis 
and subsequent death of Purkinje cells. Consequently, it is 
essential that lithium be prescribed judiciously, with pa-
tients remaining under continuous monitoring.  
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