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ABSTRACT

Brain on fire, an unusual phrase used for the deadliest autoimmune ailment, called anti-NMDA (N-methyl-D-aspartate) receptor 
encephalitis, characterizing extreme psychiatric and neurotic signs. Though being the deadliest one, still it can be treated with 
the help of various therapeutic approaches such as Corticosteroids, Intravenous immunoglobulin (IVIG) and plasmapheresis or 
plasma exchange. Although the prevalence of encephalitis can be observed in both the sexes, however the majority of ailment 
(95%) is seen in women with teratoma ovaries or different neoplasms. Recognition of nti-NMDA receptor encephalitis could be 
very essential to avoid any misconception regarding incorrect interpretation of various psychotic disorders. However, various 
treatment options are available still further investigation should be required to carried out to find out other clinically beneficial 
drugs.

Keywords: Anti-NMDA receptor encephalitis, ovarian teratoma, plasmapheresis, survival 

(Date of Receiving-29-10-2020; Date of Acceptance-09-01-2021)

INTRODUCTION 

Anti-N-methyl-D-aspartate receptor (Anti-NMDAR) 
encephalitis is an autoimmune ailment concentrated on 
all of the NMDA receptors, whose antibodies binding 
is unknown. Its signs are may also cause the demise of 
the patient. This is a novel and widely undiagnosed 
disorder due to presence of anti-glutamate receptor, a 
type of NMDA, autoantibodies in serum or cerebrospinal 
fluid(Wandinger, Saschenbrecker et al., 2011).A described 
antigenic place may want to offer absolute checking out 
permitting assessment of immunogenicity among sufferers 
to research capability medical variations, exemplify the 
practical outcomes of antibodies, and make their antibodies 
a powerful device to have a look at NMDAR functions. 
It turned into first diagnosticated as a para-neoplastic 
ailment affiliated with ovarian teratoma. Since then, a 
huge range of instances collection has allowed researchers 
to color its normal medical courses. After an initial 
section with few signs inclusive of flu-like, behavioral 
abnormalities, acute polymorphic observed with the aid of 
using catatonic signs are scrutinized. With this dyskinesia 
(rigidity), independent instability, unconsciousness or 
hypoventilation additionally takes place because the 
sickness progresses. Epileptic seizures also are tested 
a few times. Though those signs are determined as a 
neuropsychiatric syndrome and factor to a natural cause, 
additionally once in a while are occasional instances 
that gift idiopathic psychiatric issues with catatonia. 
(Gleichman, Spruce et al., 2012) Ionotropic glutamate 
receptors of NMDA receptor contains GluN1 subunits 
and GluN2/three subunits wherein there is 8 lieu of united 
GluN1 isoforms and GluN3(i.e. A, B) subunits containing 
intracellular C-terminal area that links to messenger 
system and framing proteins, a membrane loop (TM2), 

extracellular domains, the amino-terminal area(ATD) and 
S1 and S2 which bureaucracy the ligand-binding area; 3 
membrane-spanning areas, NMDARs are calumniatory 
in learning, reminiscence, and hypofunction of receptor 
implicating schizophrenia. (Liu, Zhu et al., 2017).

Some cases are paraneoplastic tumour, likely antibody-
mediated. Neuronal cell surface proteins are directed to 
majority of antibodies and are causative. N-methyl-D-
aspartate receptor, LGI1 and the GABA-receptor are 
included in the commonest of all neuronal cell surface 
proteins. (Kinsella, Irani et al., 2018).

SYMPTOMS

 Anti-NMDA receptor encephalitis reasons a huge variety 
of signs vary in severity. Patients begin with much less 
extreme signs, after which there’s a rapid development to a 
situation for hospitalization. Primary signs and symptoms 
ought to include headaches, blurred vision, fever, fainting 
spells, body aches, temper swings, and  extrude in conduct 
patterns. Symptoms are taken care of into eight categories: 

	 Behavior cognitive issues 

	 Memory issues 

	 Speech issues 

	 Epileptic seizures

	 Dyskinesia 

	 Consciousness issues 

	 Autonomic frightened signs 

	 Central hypoventilation 

At least four of eight signs have to be gift inside 1 month. 
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Out of which neurological motion inclusive of reminiscence 
troubles are many minors. If the handiest psychiatric 
signs prevail, the analysis may be delayed. Due to mind 
magnetic resonance imaging in a few sufferers display 
nonspecific lesions, specifically whilst different styles of 
neurological involvement like oropharyngeal dyskinesia 
are absent, analysis is difficult. Typically, sufferers with 
such ailment to start with display signs of psychiatric signs 
observed with the aid of using the improvement of florid 
neurological deterioration. 

During the primary psychiatric displays, moderate 
neurological abnormalities like reminiscence troubles 
and orofacial dyskinesia are determined. Psychiatric 
displays may also consist of numerous combos of signs 
like delusions, auditory/visible hallucinations, aggression, 
delusional thinking, paranoid thoughts, anxiety, insomnia, 
weird behavior, confusion, irritability, paranoid thoughts, 
or depressed mood. Psychiatric signs without or with 
neurological displays do now no longer always develop to 
extreme sickness, even though the length without remedy 
is prolonged. In acute encephalitis, the maximum ordinary 
EEG analyzing is the presence of diffuse slowing or focal 
gradual waves which can be stated specifically withinside 
the frontotemporal regions. Extreme delta brush is a wave 
top of 1-3Hz delta waves superimposed on a huge quantity 
of 20-30Hz beta waves.  (Liu, Zhu et al., 2017)

BRAIN AND ANTI-NMDAR ENCEPHALITIS

 Viruses, getting into neurons using additives of the 
molecular so that it can reproduce themselves. This 
consumes the power and oxygen stored, detrimental to 
the molecular. In Anti-NMDAR encephalitis, it’s miles 
the immune gadget that reasons harm to the neurons 
and different mind cells. By-merchandise of the immune 
gadget’s moves can importantly regulate the fluid 
encompassing neurons after affect their functioning. Cell 
demise drives a fluid building up with inside the mind, 
inflicting exaggerated stress with inside the cranium and 
main to weakened consciousness. The undesirable fluids 
building up swiftly and glial cells soak the one’s fluids 
so that it will shield neurons from harm. Glial cells act 

as absorbent and cleaners of poisonous with the aid of 

using-merchandise and reasons inflammation, and once 
they swell, they die and re-launch the ones pollution to the 
fluids wherein they kill neurons. Their excessive degrees 
are enough to attenuate neurons with the aid of using 
deteriorating their membranes or with the aid of using 
pumping them to a make bigger wherein they burn out and 
die.

At the irritation site and in close by tissue, there’s biological 
chaos, because the mind attempts to regulate and combat 
the effects of the damage. The death cells supply off 
chemical substances that prompt macrophages (white blood 
cells), which pass from the bloodstream into the harmed 
area, to soak up and cast off debris. Glial cells and their 
helpers, that have collected on the web website online to 
smooth it up, now start to shape the scar tissue to continue 
to be part of the mind’s new architecture. Sometimes, the 
glial boundaries save you healthy, closing neurons from 
restoring axonal connections. In different cases, nerve 
terminals can’t skip the scar, and abnormal interest is 
then generated which can cause epileptic seizures (Easton 
2016).

 DIAGNOSIS

These antibodies then disrupt the functioning of the ligand-
gated cation channels fashioned through the NMDAR, 
which bring psychiatric and neurotic disturbances. 
Initially, the psychiatric signs deal with the neurotic 

capabilities and might 
not be diagnosed as a 
part of this syndrome.

A fitness care expert 
diagnoses encephalitis 
after appearing a 
radical record and 
examination. The 
examination will 
comprise unique 
strategies to search for 
symptoms of infection 
of the membranes that 
surround the spinal 

wire and mind (meninges). The physician will order unique 
assessments to assist decide the analysis.
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Tests that examine people suspected of getting encephalitis 
to consist of cerebrospinal fluid analysis, mind scanning 
(such as CT scan or MRI scan), and an assessment of the 
blood for contamination and the presence of bacteria.

The maximum, not usual approach of acquiring a pattern 
of cerebrospinal fluid (or CSF) for the exam is a spinal tap. 
A spinal tap, or lumbar puncture (LP), entails the insertion 
of a needle into the fluid in the spinal canal. The needle is 
going among the spine’s bony components until it reaches 
the CSF. A clinical expert then collects a small quantity 
of fluid to ship to the laboratory for an examination. 
Evaluating the CSF is important for a definitive analysis 
of encephalitis and to determine at the first-class remedy 
options. Abnormal spinal fluid consequences affirm the 
analysis and, withinside the occasion of contamination, 
with the aid of using figuring out the organism that 
prompted the contamination (Wang, Lancaster et al., 
2015).

IMMUNOGENICITY TEST

Immunogenicity is the cap potential of a specific antigen 
to result in an immune reaction withinside the frame of 
a human. Biotherapeutics including conjugated peptides, 
antibodies, and oligonucleotides can result in a detrimental 
immune reaction with in side the frame inflicting the 
improvement of anti-drug antibodies (ADAs) that can 
actively threaten a patient’s life. Neutralizing antibodies 
(NAbs) can reduce the efficacy of medication by blocking 
off their biologic activities.

ANTIBODY TESTS

This evaluation is based on the detection of IgG antibodies 
to the NMDAR, based mostly on molecular-based serum 
antibody assays. These, however, have a low sensitivity 
of most effective about 75% although they will be quite 
specific (at 97-99%) and consequently their use in 
isolation can also additionally cause 1 / four of all Anti-
NMDAR encephalitis times to be missed, further to faux 
positives in as a whole lot as 3% of times. To save you this, 
a person with a tremendous serum antibody take a look 
at the result must have it showed via way of means of an 
assay of cerebrospinal fluid (CSF) sample, due to the fact 
that is 100% touchy and specific. This must additionally be 
carried out in sufferers in whom there’s a sturdy scientific 
suspicion of Anti-NMDAR encephalitis even though the 
serum assay consequences are negative.

ELECTROENCEPHALOGRAPHY

Electroencephalography helps in the study of brain 
working and of tracing one part of central nervous 
system’s connections with another part. Since it records 
small sample of electrical activity, its effectiveness is 
very limited. Complex functions of the brain like those 
emotions and thought cannot be studied through EEG 
patterns (Britannica).

BRAIN BIOPSY

A brain biopsy is a method in which tissue samples are 
eliminated from the frame via way of means of a needle 
or throughout the surgery, for exam below a microscope 
to decide if atypical cells are present. By analyzing and 
acting assessments at the biopsy sample, pathologists 
and different specialists can decide what sort of disorder 
is present, whether or not it’s miles possibly to be rapid 
or slow-growing, and what genetic abnormalities it 
could have. These statistics are crucial in finding out the 
exceptional form of treatment. The open surgical procedure 
is now and again carried out to reap a biopsy, however, in 
maximum cases, tissue samples may be acquired without 
open surgical procedures using interventional radiology 
techniques. Most biopsies require the usage of an anesthetic 

to numb the location and can require sedation. 

MAGNETIC RESONANCE IMAGING (MRI)

The MRI gadget is a huge, cylindrical (tube-shaped) gadget 
that creates a robust magnetic subject across the patient. 
This magnetic subject, together with a radio frequency, 
alters the hydrogen atoms’ herbal alignment withinside 
the frame. The MRI gadget makes use of a huge magnet 
and a pc to take photographs of the internal of your frame. 
Each image or “slice” suggests only some layers of frame 
tissue at a time. The photographs can then be tested on 
a pc monitor. The test normally takes between 15 to 90 
minutes. Including the test, the full exam time normally 
takes between 1.5 to 3 hours (Schenck 1996).

TREATMENT

The key to treating encephalitis is early detection and 
remedy. A character with encephalitis calls for instant 
hospitalization and near monitoring. The intention of 
remedy is to lessen the swelling within side the head 
and to save you different associated complications. 
Medications to manipulate the infection, seizures, fever, 
or different situations can be used. The quantity of the 
trouble is depending on the severity of the encephalitis 
and the presence of different organ machine troubles that 
might have an effect on the character. In intense cases, a 
respiration system can be required to assist the affected 
person to breathe easier. Patients recognized with Anti-
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NMDA receptor encephalitis want to be admitted to a 
clinic wherein they may be monitored and attended to with 
the aid of using a crew of doctors, nurses, and different 
fitness professionals. Although each patient is dealt with 
medicines that reduce the tiers of antibodies within side 
the blood and spinal fluid. These cover corticosteroids 
(“steroids”), intravenous immunoglobulin antibodies 
accumulated from wholesome blood donors that bind host 
antibodies, and plasmapheresis (PLEX; that) includes 
the usage of a system to clear out antibodies out of the 
host’s blood). The medications are normally used to deal 
with Anti-NMDA receptor encephalitis are Rituximab 
and Cyclophosphamide 9. Many different medicines will 
also be required, along with the ones used to govern blood 
pressure, prevent seizures, ease anxiety, enhance sleep, 
and to deal with hallucinations or extraordinary behaviors 
(Shin, Lee et al., 2018).

FIRST-LINE TREATMENT

Treatment of Anti-NMDAR encephalitis is ordinarily 
initiated with first-line immunotherapy medications such 
as:

•	 Corticosteroids

•	 Intravenous immunoglobulin (IVIG) 

•	 Plasmapheresis or plasma exchange 

Tumor elimination needs to be achieved every time a tumor 
is identified, and surgical treatment is feasible. It can also 
be tried in scan-poor instances with refractory symptoms, 
as occult teratomas were located to be gift following the 
histologic exam of such an ovary, with the development of 
scientific functions after the surgical treatment.

Corticosteroids:  Corticosteroids act to widely inhibit 
irritation in more than one way, which ends up withinside 
the depletion of specifically T cells. They provide the extra 
advantage of restoring the blood-brain barrier (BBB), 
which may be impaired. However, corticosteroids aren’t 
perfect. They have many facet effects and may worsen 
or maybe set off psychiatric signs related to Anti-NMDA 
receptor encephalitis including depression, insomnia, 
agitation, and psychosis. What’s more, corticosteroids 
do now no longer goal B cells, the cells that move on to 
supply the antibodies that purpose a number of the signs 
(Wiseman 2016) 

Intravenous immunoglobulin (IVIG): These 
autoantibodies in the blood targets acetylcholine receptors. 
Also known as rapid induction therapy. This is quickly 
suppress the immune system before a patient undergoes 
surgery; as a temporary medication while a patient 
transitions to other therapies that suppress the immune 
system. Intravenous immunoglobulins (IVIg) have proven 
to be an effective treatment for this dead list disease. 
This works by exerting its immunomodulatory effects 
by affecting B-cells, T-cells, macrophages, and other 
component of immunity compartment (Wiseman 2016). 

Plasmapheresis: Plasmapheresis is a method wherein the 
liquid a part of the blood, or plasma, is separated from the 
blood cells. Typically, the plasma is changed with every 
other answer together with saline or albumin, or the plasma 
is dealt with after which lower back in your body. 

   SECOND-LINE TREATMENT

The first is a drug that destroys B cells known as rituximab. 
Rituximab is sincerely an antibody that goals B cells, which 
typically pass directly to come to be antibody-generating. 
It is anticipated to paintings in particular properly in 
sufferers with LGI1 and Caspr2 autoantibodies. However, 
due to the fact B cells can move into the mind and come 
to be antibody-generating cells, however rituximab cannot 
move the BBB, its outcomes can be limited.

The different second-line remedy is a chemotherapy 
drug known as cyclophosphamide. Cyclophosphamide 
immediately prevents T and B cells from multiplying, 
however it influences the capacity of many different 
cells to multiply as properly. For that reason, it has a few 
doubtlessly critical aspect outcomes along with infertility, 
and rather rituximab is normally the desired second-line 
therapy (Shin, Lee et al., 2018).

 ALTERNATIVE TREATMENT

Sometimes second-line remedies also are now no longer 
powerful for the treatment. When that happens, alternatives 
consist of re-management of first-line therapies, prolonged 
use of second-line therapies, or use of different non-steroid 
(steroid-sparing) pills to suppress the immune system. For 
instance, the steroid-sparing drug mycophenolate mofetil 
prevents T and B cells from multiplying and has a higher 
side-impact profile than cyclophosphamide (Shin, Lee et 
al., 2018).

CASE STUDIES

CASE: 01

 AIM: Production of Japanese Encephalitis Virus 
(JEV) Antigens in Plants Using Bamboo Mosaic 
Virus(BaMV)-Based Vector 

A randomized double-blinded medical examination of the 
efficacy of plant made JEV vaccine candidate turned into 
predicted in female BALB/C mice. Six mice had been kept 
in 3 different groups and immunized with intraperitoneal 
injection. Out of those 3 groups, one group was turned into 
immuned with 200μg BJ2A Chimeric virus particle(CVP)
s; 2nd group was turned into immuned with 30μg rEDIII 
as the positive control, and the third group was injected 
with saline as a negative control on day 12. As a result, 
Sera turned into collected on day 0 and day 49. The titers 
and reactivity of sera turned into examined the usage of 
indirect ELISA, oblique immunofluorescence assay, and 
plaque reduction neutralization (Chen, Hu et al., 2017).

CASE: 02

AIM: Reporting the Autoantigen of a new category of 
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treatment-responsive paraneoplastic encephalitis.

 A randomized double blinded clinical study was conducted 
to report autoantigen and it was estimated in twelve women 
aged 14-44 aged of years. All had psychiatric symptoms, 
amnesia, seizures, frequent dyskinesias, autonomic 
dysfunction and decreased level of consciousness. Each 
woman had cerebrospinal fluid antibodies that were 
previously immunolabeled with neuropil of hippocampus, 
and were reacted with NR2B subunits of the NMDAR. 
NR2B binds glutamate and forms heteromers. For antibody 
binding, expression of functional heteromers. Out of these, 
eleven patients had teratoma of the ovary and five of five 
tumors were examined. Eight of patients resulted in full 
recovery by tumor resection and immunotherapy and 
rest patients who were without tumor resection died of 
neurological deterioration (Dalmau, Tüzün et al., 2007).

CASE: 03

AIM: Protective Effects of Trichosanthin in Herpes 
Simplex Virus-I Encephalitis in Mice

An experiment was conducted in which it was determined 
the effect of Trichosanthin (TCS) on infectious brain 
injury-induced having herpes simplex virus (HSV)-I 
encephalitis in mice. Randomly selected ninety mice and 
were grouped into three groups having thirty mice in each 
group. Normal control group, model group, and TCS-
treated group. In the first two groups, viral encephalitis 
was induced by intracranial inoculation of HSV-1, and 
the TCS-treated group was injected with TCS 30 minutes 
before HSV-1 inoculation. On days 4 and 7, the water 
content of brain tissue was measured after 6 hours after 
HSV-1 inoculation. On the 7th day, brain histopathological 
changes were detected. The neurological deficient scores 
were determined daily. It was observed that the water 
content of brain tissue in the TCS-treated group between 
48 hrs and 7 days after HSV-1 inoculation was significantly 
lower than that in the Model group and significantly higher 
in the Normal control group. At the end of the experiment, 
it was concluded that TCS proved to be beneficial against 
infectious brain injury caused by HSV-1 in mice (Chen, 
Huang et al., 2006)

CASE: 04

AIM: Novel Strategy in Using Arctigenin, a Lignan for 
the Treatment of Japanese Encephalitis 

Six mice four to five week old BALB/c mice were 
injected with 3 × 105 pfu of Japanese encephalitis virus 
(JEV) intravenously. Arctigenin was dissolved in DMSO 
at a concentration of 0.5 mg/mL at 4°C. After virus 
inoculation, animals, for next 7 days, were given arctigenin 
intraperitoneally for twice daily. This treatment provided 
complete protection from JEV. This resulted in decreased: 

(i)  active caspase-3 activity

(ii)  viral load 

(iii) Reactive oxygen species and reactive nitrogen species

(iv)  Neuronal death.

(v) Levels of stress-associated signalling molecules

(vi)  micro gliosis and proinflammatory cytokines   
(Swarup, Ghosh et al., 2008).

CONCLUSION

Anti-NMDA receptor encephalitis is potentially deadly 
disorder mainly affects young women with ovarian 
teratomas which can be treated if proper and exact 
treatment is given according to diagnosis reported. 
The principle method for diagnosing Anti-NMDAR 
encephalitis is the detecting of IgG antibodies against 
the GluN1 immunotherapy subunit of NMDA receptors 
in CSF. However, other diagnostic measures to detect 
this order include EEG or MRI which clinically assists in 
obtaining the diagnosis. The early detection and surgical 
removal of tumor, make it possible to improve the survival 
rates, and reduces the negative consequences for the 
patients. Other methods for diagnosis include brain biopsy 
and antibody testing. For the recognition and management 
of the disease, a multidisciplinary team of gynecologist, 
psychiatrists, and neurologists are involved. Its recovery 
rate is very slow and predictable. Even if the patients 
recover completely, there might be chances of relapse of 
symptoms. So it is recommended to continue with regular 
monitoring with the physician.

REFERENCES

Britannica, E. “Electroencephalography, 01 2016.” URL http://
www. britannica. com/science/electroencephalography.

Chen, G.-F., et al., (2006). “[Protective effects of  richosanthin in 
Herpes simplex virus-1 encephalitis in mice].” Zhongguo 
dang dai er ke za zhi = Chinese journal of contemporary 
pediatrics 8(3): 239-241.

Chen, T.-H., et al., (2017). “Production of Japanese encephalitis 
virus antigens in plants using bamboo mosaic virus-based 
vector.” Frontiers in Microbiology 8: 788.

Dalmau, J., et al., (2007). “Paraneoplastic anti-N-methyl-D-
aspartate receptor encephalitis associated with ovarian 
teratoma.” Annals of neurology 61(1): 25-36

Easton, A. (2016). Life after encephalitis: a narrative approach, 
Routledge.

Gleichman, A. J., et al., (2012). “Anti-NMDA Receptor 
Encephalitis Antibody Binding Is Dependent on Amino 
Acid Identity of a Small Region within the GluN1 Amino 
Terminal Domain.” The Journal of Neuroscience 32 (32):

Kinsella, J., et al., (2018). “Use of intravenous immunoglobulin 
for the treatment of autoimmune encephalitis: audit of the 
NHS experience.” JRSM open 9(9): 2054270418793021.

Liu, C.-y., et al., (2017). “Anti-N-methyl-D-aspartate receptor 
encephalitis: a severe, potentially reversible autoimmune 



367

Danishpreet Kaur Takhar, and Mukta Gupta

encephalitis.” Mediators of Inflammation 2017.

Schenck, J. F. (1996). “The role of magnetic susceptibility in 
magnetic resonance imaging: MRI magnetic compatibility 
of the first and second kinds.” Medical physics 23(6): 815-
850.

Shin, Y.-W., et al., (2018). “Treatment strategies for autoimmune 
encephalitis.” Therapeutic advances in neurological 
disorders 11: 1756285617722347.

Liu, C. Y., et al., (2017). “Anti-N-Methyl-D-aspartate 
Receptor Encephalitis: A Severe, Potentially Reversible 
Autoimmune Encephalitis.” Mediators Inflamm 2017: 
6361479.

Swarup, V., et al., (2008). “Novel strategy for treatment of 
Japanese encephalitis using arctigenin, a plant lignan.” 
Journal of Antimicrobial Chemotherapy 61(3): 679-688.

Wandinger, K.-P., et al., (2011). “Anti-NMDA-receptor 
encephalitis: A severe, multistage, treatable disorder 
presenting with psychosis.” Journal of Neuroimmunology 
231(1): 86-91.

Wang, Z.-l., et al., (2015). “Diagnosing Encephalitis, Not 
Otherwise Specified.” JAMA neurology 72(6): 725-725.

Wiseman, A. C. (2016). “Immunosuppressive medications.” 
Clinical Journal of the American Society of Nephrology 
11(2): 332-343.


