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INTRODUCTION 
Epilepsy is a disorder in which two or more unprovoked 
seizures occur; it is a non-communicable disease which 
effects people of all ages.1-3 It is a major public health 
issue with severe physical and psychological 
consequences, including traumatic injury, mental 
health disorders, and premature death.4 Being a 
common chronic disorder, it affects 1% - 3% of the 
population worldwide.5 Around 70 million people have 
this disease, and 80% of those people belong to 
developing countries; hence it is the most common 
neurological disorder worldwide.6-8 The main cause of 
seizures is the imbalance of neuronal excitation and 
inhibition which leads to excitatory overload in the 
brain. Hence, glutamate and Na+ channel activity 
increases while gamma-aminobutyric acid (GABA) and 
K+channel activity decreases which are only proposed 
mechanism associated with epilepsy to date.9, 10 

However, for better management of epileptic patients 

there is a need to explore other mechanisms as well. 
Although effective antiepileptic drugs (AEDs) are 
available, treatment is limited in refractory cases in 
developing and other nations, due to limited resources 
for the diagnosis and treatment.4

Prevalence of epilepsy is quite high in developing 
countries as compared to developed countries. Overall, 
the incidence of epilepsy is 81.7:100,000 in 
developing countries while 45:100,000 in developed 
countries.4,11 It has also been reported that, epilepsies 
with unknown etiology and with generalized seizures 
had the highest prevalence.12 The incidence rate of 
sudden unexpected death of epileptic patients is also 
high (1.4:1000), indicating an alarming situation.13 The 
estimation, of prevalence, and incidence of epilepsy 
varies worldwide due to several factors like differences 
in measurement of age and sex, socioeconomic and 
demographic conditions, and clinical characteristics 
such as etiology and seizure 
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ABSTRACT
Background and objectives:
Epilepsy is a neurological disorder in which the patient suffers with two or more unprovoked seizures. It is one of the most common
neurological  disorders  worldwide,  affecting  more  than  70  million  people.  Currently  various  modes  of  effective  treatments  are
available, but still there are many cases that remain drug resistant. Hence, there is a need to explore herbal medications for the
treatment of drug resistant epilepsy.

Methods:
Recent reviews and research articles (2000-2022) from PubMed and Google Scholar have been explored.

Review:
Based on etiology, there are six categories of epilepsy: Genetic, Structural, Metabolic, Immune, Infectious, and Unknown epilepsy.
Temporal lobe epilepsy with hippocampus sclerosis (TLE-HS) is one of the most common forms of structural epilepsy. Even though
several new anti-epileptic drugs (AEDs) have been discovered, but the treatment of some cases, especially TLE-HS remain resistant
to them. Surgery is one of the most effective treatment options for TLE-HS; however, this usually results in memory deficits, and
occasionally, intracranial hematoma, delayed hydrocephalus, subdural empyema, and visual field defects in patients.

Conclusion:
Hence, to overcome drug resistance, new pharmacological and herbal therapies are required. Animal trials are first step in the
development of new drugs, to study toxicity and efficacy of proposed drugs. Many herbs have anticonvulsant activity but remain an
under-explored treatment option for epilepsy. Further research on herbal extracts as a possible treatment for epilepsy needs to be
conducted.

Key words:  Animal model; Epilepsy; Herbal therapies; Neurological disorders; TLE-HS



types. According to International League Against 
Epilepsy (ILAE), the etiology of epilepsy might be due to 
abnormalities in genetic, structure, infectious, 
metabolic, immune, and unknown reasons.14 The focus 
of this review is on Temporal Lobe Epilepsy with 
Hippocampal Sclerosis (TLE-HS) and the role of herbs 
in its management.   

METHODS
For this review article, old and recent review/research 
articles (2000-2022) from PubMed and Google 
Scholar have been included regarding epilepsy, animal 
model to induce TLE-HS, and articles with herbal 
treatment for the improvement of TLE-HS patients.

REVIEW AND DISCUSSION
Epilepsy is classified by ILAE into different types with 
respect to seizures like focal seizures, generalized 
seizures, combined generalized and focal seizures, and 

epileptic spasms.15,16 Seizures can be caused by 
different factors, with several signs and symptoms such 
as temporary confusion, loss of consciousness, muscle 
stiffness, feeling of fear, anxiety, uncontrollable jerking 
movements of arms and legs, and even sudden 
unexpected death has also been reported 6, 7, 17-19.

However, according to ILAE, seizures are classified into 
three main types. If a seizure involves the entire brain, 
it is called a generalized seizure and it is further divided 
in six subtypes. On the other hand, if a seizure occurs 
in a particular segment of the brain, it is a focal seizure. 
Focal seizures are further divided into three subtypes. 
Finally, if there is dispute regarding the type of seizure, 
i.e., generalized, or focal, it is declared as epileptic 
spasms. 2, 16, 20 Overall comprehensive classification of 
epilepsy with respect to seizure types and its etiology is 
shown in Figure 1.

Classification of seizure type is important because it 
enables us to identify a specific region of the brain, 
which may facilitate in early diagnosis. Exact 
classification of epilepsy provides vital information 
including natural history, prognosis, diagnostic testing, 
therapeutics options, and helps to facilitate health care 
professionals. Hence, seizure type provides meaningful 
information even when the epilepsy cannot be 
classified. Sometimes, diagnosis of epilepsy might be 
confused with pseudo-seizures, syncope, migraine, 
cerebrovascular disease, movement, and sleep 
disorders.5, 14

Based on treatment, all the epileptic patients mainly 
fall into two broad categories: 1) patients who respond 
to the anti-epileptic drugs (AEDs), and their seizures 
are well controlled, 2) patient who do not respond to 
AEDs (drug resistant), and their seizures are not 
controlled.2 In focal seizure epilepsy, the most common 
type of epilepsy is TLE-HS.21 In this review article the 
use of animal models and development of treatment 
options for TLE-HS will be discussed in further detail.
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Temporal Lobe Epilepsy (TLE)
The etiology of TLE is extensive and can be caused by 
different factors like genetics, birth defect, structural, 
tumors, traumatic brain injuries, vascular anomalies, 
cryptogenic and infectious. TLE needs to be 
differentiated from other diagnosis like migraine, 
psychiatric disorders, nonepileptic seizures, and 
syncope.22 TLE accounts for around 66% of epileptic 
patients, making it the most common form of epilepsy, 
and among them around 71% of TLE patients are drug 
resistant.21, 23, 24 TLE is further classified in two types: 
Mesial TLE (mTLE) and Neocortical TLE (nTLE).25 It has 
also been reported that around 80% of TLE patients fall 
in the mTLE category.21 mTLE is mostly observed in 
adult patients, in which seizures originate from the 
medial side of temporal lobe (mostly including a 
sclerosed hippocampus), leading to TLE-HS. nTLE 
originates from the outer part of temporal lobe, and this 
type of TLE is rare and mostly caused by genetics or 
lesions such as birth defect, tumor, blood vessel 
abnormality or other abnormalities in the temporal 
lobe. Thus, to overcome drug resistance in TLE-HS, 
development of effective pharmacological and herbal 
medicines is required.

Anti-epileptic Drugs (AEDs)
Several drugs have been introduced for the treatment 
of epilepsy. Phenytoin was the first AED used in 1938 
to control seizures and epilepsy.26 The new era in the 
development of drugs started in 1974 when novel 
chemical entities were introduced for the treatment of 
epilepsy. To date, more than 28,000 chemical entities 
against epilepsy have been screened worldwide.26 Till 
now, AEDs are the keystone for the treatment of 
epilepsy, and globally, 27 licensed AEDs are used which 
confirmed that AEDs are the most common 
medications.27 After the development of several drugs 
with different mechanisms of action, some drugs are 
used as first line treatment for status epilepticus like; 
lorazepam, midazolam, and diazepam, while some are 
used as second line treatment for epilepticus, for 
example, phenytoin, phenobarbital, valproate, 
lacosamide, and levetiracetam.28

Moreover, in TLE-HS cases, drug combinations were 
given for effectivity, but such combinations fail to 
terminate seizures completely.26 Approximately, 30% of 
the overall epileptic patients show poor response 
against AEDs.19 Hence, even though several AEDs are 
available in the market, the need to overcome drug 
resistance which requires a thorough understanding of 
pathophysiology of epileptic TLE-HS patients. For this 
purpose, animal models play a vital role. 

Animal Models of Temporal Lobe Epilepsy
In the modern research era, pre-clinical trials with most 
appropriate animal models offer an opportunity to 
reproduce human diseases with nearly similar 
symptoms.29, 30 Animal models give us a chance to 
understand the pathophysiology of epilepsy.31, 32 

Choosing a correct animal model is critical and 
important because age, strain, weight, and gender play 
vital roles in the development of a model of epilepsy. 
Precise and carefully controlled variables may facilitate 
to obtain a reliable animal model of TLE-HS with 
reduced mortality and variability in behaviors.31 

Moreover, gender-specific male rats are mostly used, to 
minimize the variations on seizures and behavior to 
avoid hormonal variability. Furthermore, it has been 
shown that male rats are more sensitive against 
chemicals to produce seizures as compared to female 
rats.33 

Environmental factors also effect on epilepsy research, 
for example the way animals are handled, housing 
conditions (temperature and humidity, and duration of 
light-dark cycle), components of feed.31 Hence, for 
reliable and reproducible outcomes, it is recommended 
to practice internationally acceptable protocols.

In some models of epilepsy chemical compounds are 
used to induce seizures, for example kainic acid and 
pilocarpine, which then go on to produce symptoms 
and structural changes in the animal brain close to 
human TLE-HS.31 Furthermore, pilocarpine induces 
TLE-HS, with rapid seizure induction and neuronal loss 
in short time. It also has lower mortality rate compared 
to the kainic acid model. Another drug, 
pentylenetetrazol (PTZ) is used to induce seizures. PTZ 
is a GABA receptor antagonist, is used to create a 
common chemically- induced seizure model but not an 
epileptic model.34 However, lithium-pilocarpine is the 
best known model of epilepsy for the past three 
decades which is discussed below.

Lithium-Pilocarpine model 
With respect to same pathological conditions as human 
and low mortality rate, lithium Pilocarpine is the best 
model for experiments because it induces structural 
modification in brains of laboratory animals, especially 
in rats.9,35 The development of Lithium-Pilocarpine 
model occurs in three different stages: 1) induction of 
status epilepticus for approximately one hour, 2) start 
of latent period (during which structural changes in the 
brain occur), and 3) establishment of chronic period 
(life-long spontaneous seizures).30,33,36,37 All three 
stages may occur in pilocarpine model without Lithium. 
When pilocarpine is administered, cell damage occurs 
initially in the dentate granule cells and hilus, followed by 
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neuronal degeneration in hippocampus in a short time 
(3 hours) with severe pathological changes.31,38 

Moreover, soon after the injection of pilocarpine, 
numerous nuclei of the thalamus and the amygdala are 
severely damaged.31 Hence, pilocarpine without 
Lithium model is more severe with respect to the level 
of intensity and the time course of neuronal loss. The 
main drawback to use pilocarpine alone is the high 
mortality rate as animals do not survive during or after 
status epilepticus stage. To reduce the damaging 
neuropathological effects, lithium is used 24-hour 
ahead of low-dose pilocarpine injection, which helps to 
reduce neuronal loss and mortality.

Lithium is widely used as a mood stabilizer in 
depression and frequently used for the treatment of 
chronic neurodegenerative diseases.32,33,35,39 Recently, 

it is reported that lithium-pilocarpine model does not 
just reduce the mortality but also reduced status 
epilepticus induction and morbidity.30,31,33,37 

Furthermore, to reduce the severe effects of 
pilocarpine, methylscopolamin-bromide can be injected 
30 minutes prior to pilocarpine. In some experiments, 
diazepam was given to reduce mortality.40, 41 Induction 
of lithium does not change experimental results, as in 
lithium-pilocarpine model that shows similar behavioral 
abnormalities, EEG activity, and histopathological 
changes as observed in pilocarpine model. But 
mortality rate significantly decreased to 7%, which 
ensures that this model is effective over pilocarpine 
model alone33,40, as shown in Figure 2. So, TLE-HS 
model should be used to study drug resistant and 
development of effective pharmacological and herbal 
therapies for such cases.
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Extended survival rate increases hope for scientists and 
neurologists to develop new therapeutics and effective 
drugs for epilepsy.31 Several interpretational techniques 
can be used for detailed examination of TLE-HS cases 
as discussed below.

Experimental Interpretation Techniques
Use of laboratory animals is a fundamental need for the 
welfare of humankind because they show similar 
behavior in experiments as humans.31,42 Handling of 
laboratory animals is not an easy task, especially to 
record or observe seizures with behavioral changes. 
Such observations can be monitored for the clinical 
assessment through Magnetic Resonance Image (MRI) 
and Electroencephalography (EEG), and especially 
through video-EEG. 1,43,44

MRI helps in the diagnosis of mTLE in a better way 
because in mTLE condition, hippocampal sclerosis or 
scarring that occurs in the temporal lobe can be easily 
observed through MRI.45 EEG is commonly used as a 
clinical tool for the monitoring of seizures. EEG may 

help to recognize different inherited metabolic and 
mitochondrial disorders because seizures have been 
frequently observed especially if seizures occur in early 
stage of life.2 EEG is a highly tedious, laborious, and 
time-consuming method for neurologists to identify 
seizures.17, 46 As continued analysis is required for the 
interpretation of results, hence, it is necessary to use 
video-EEG so that the scientists can determine when 
status epilepticus starts and when it stops.31,47 

Additionally, other stages like latent and chronic periods 
can also be determined through video-EEG. Such 
techniques are essential for the interpretation of 
experiments especially the MRI and video-EEG which 
can help to understand disease pathophysiology and 
behavioral changes in epileptic models in a continues 
manner.23,43,44,48,49. Figure 3 represents vital 
interpretation techniques with their basic steps and 
requirements. A proper diagnosis after the 
interpretation through such techniques, treatment can 
be initiated. Different treatment options are available 
for epileptic patients which are discussed below.
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Treatment options with herbal therapies
Different treatment options are available to effectively 
treat epilepsy like AEDs, surgery, and diet therapies 
(e.g., ketogenic diet) to control or terminate seizures.18, 

50-52 But TLE-HS (AEDs resistant cases) is the most 
frequent condition of epilepsy that is referred to the 
surgical centers by neurologists and family practitioners 
for complete termination of seizures.53 Outcome of the 

surgery are positive in 50-73% patients of TLE1, but 
often results in memory deficits, and occasionally, 
intracranial hematoma, delayed hydrocephalus, 
subdural empyema, and visual field defects in operated 
patients.54 So, there is a need to explore herbal 
treatments for the treatment of TLE-HS cases as shown 
in Figure 4.

Herbal medicine is the area that remains 
under-explored, though having a great potential to 
effectively treat epilepsy. Data has been reported with  
different herbs with potential to control/ terminate 
seizures, yet clinical studies have not been performed. 
Herbs have been used as traditional medicines for 
several decades in almost all the developed and 
developing countries. Many preclinical studies have 
been reported using epileptic models by giving herbs 
(anticonvulsant activity) for the treatment of epilepsy  
as listed in Table 1.55-67

Several herbs have been tested in various animal 
models like Maximal Electroshock (MES) administered, 
and treated with pentylenetetrazol (PTZ), kainic acid 
and picrotoxin. However, the efficacy of herbal extract 
treatment in pilocarpine-induced model of TLE-HS has 
not been well studied. It has been reported that 
Chinese herbs with anti-epileptic effects have the 
potential of effective treatment against epilepsy. 
Numerous herbal medicines, such as Ginkgo biloba 
and Huperzia serrata, have been reported to have 

antiepileptic or anti-convulsant effects.57 It has also 
been reported that apigenin (a plant extract) has 
protective effect on memory-deficit induced by 
kainate-induced TLE-HS model a 68 Moreover, a herbal 
compound Danshen has been used for the treatment of 
TLE and cognitive deficit, and shown to have improving 
results; however, combined administration of Danshen 
with carbamazepine was shown to be more effective in 
controlling seizures, protection against cognitive 
impairment and inhibition of hippocampal neuronal
loss in TLE.69 Although, there are several reports of 
herbs with anticonvulsive effects, a large-scale 
experimental evidence and randomized controlled 
clinical trials are required to confirm their antiepileptic 
effects with outcomes. As listed in Table 1, most of the 
reported data used PTZ (a GABAA receptor antagonist) 
model to induce seizures, but this is not a virtuous 
model for the development of new therapies because in 
the PTZ model only seizures occur, not the disease 
epilepsy, and this model can only be used for initial 
screening of AEDs.34
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Lithium-pilocarpine model is more effective with 
respect to seizure induction and low mortality rate, and 
this model shows the same stages (status epilepticus, 
latent period, and chronic seizures) as observed in 
human epileptic patients. But there are very few 
experiments on this model particularly to check the 
efficacy of herbs. As most of the AEDs are resistant to 
commonest form of epilepsy; TLE-HS, so, there is a 
need to develop herbal medicines for the treatment of 
epilepsy using lithium-pilocarpine model. For this 
purpose, efforts should be made by the scientists to 
overcome resistance through the development of new 
drug therapies using herbs.

Limitation
This review focuses on TLE-HS and possible herbal 
treatment, however, there is a need to explore genetic 
aspects as well as multiomics strategies for the early 
diagnosis and targeted treatment options for TLE-HS 
cases. 

Future directions with herbal therapies
Although, several medical, immunological, surgical, 
and dietary therapies are available to control/ terminate 

seizureshowever surveys and research activities show 
that incidence of epilepsy is still quite high in 
population due to drug resistance, poor quality of 
health facilities, and diagnosis. 2, 18, 26, 27, 51, 68 Hence, 
further research on herbs is required for the treatment 
of epilepsy because numerous herbs have the potential 
(anticonvulsant activity) to control/ terminate  seizures. 
Herbs can help in the development of new therapies 
after complete experimentation on animal models to 
overcome resistance. But currently, for the herbal 
experimentation, PTZ model is used which is not 
suitable due to lack of the spontaneous seizures activity 
as in chronic condition.34 Thus lithium-pilocarpine 
model can be used to overcome such limitations. 
Hence, in future, large-scale experimentation on 
animal model and clinical studies should be done, to 
overcome drug resistance and development of effective 
herbal treatment for TLE-HS cases. 

CONCLUSION
Epilepsy is a chronic neurological disorder affecting 
people of all ages. TLE-HS is the most common type of 
structural epilepsy. AEDs are available but epileptic 
patients with TLE-HS are mostly resistant to AEDs. It 
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has been reported that surgery can significantly reduce 
the number of seizures in patients, however, it can 
result in long lasting deficits for the patient.  Hence, 
there is a need to explore herbal medicines as new 
treatment options for drug-resistant form of epilepsy. 

It is also important to use a suitable animal model for 
experimentation and interpretation and to explore 
herbs for the treatment of epilepsy using 
lithium-pilocarpine model. In this way, burden of 
epilepsy may be minimized from the society.
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