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Neuroleptic malignant syndrome (NMS) is a potentially fatal neurological emergency 
that occurs as an idiosyncratic reaction to antipsychotics. Human alpha-synuclein (α-syn) 
protein is a neuronal cytoskeleton-related protein that has been recently implicated in the 
development of chronic neurodegenerative disorders. This study was conducted to evaluate the 
correlation between serum levels of IgM and IgG anti-synuclein alpha (anti-SNCa) auto-
antibodies and the risk of development of NMS in psychiatric patients administered 
antipsychotic medications, as well as to investigate the diagnostic value of these antibodies as 
potential biomarkers for diagnosis of antipsychotics-induced brain damage in psychiatric 
patients presenting with NMS. The study was carried out on 150 subjects, divided into three 
groups: group I (case group) included 30 psychiatric patients presenting with NMS, group II 
(positive control group) included 60 psychiatric patients on antipsychotic medications with no 
previous history of NMS, and group III (negative control group) included 60 normal healthy 
volunteers. Serum levels of IgM and IgG antibodies were measured using ELIZA. This study 
revealed that the median serum levels of both IgM and IgG anti-SNCa antibodies were 
significantly higher in the case group when compared with the two control groups (p < 0.001). 
Significant associations were identified between increasing serum levels of IgM and IgG anti-
SNCa antibodies, chronic antipsychotic drug intake, and development of NMS among 
psychiatric patients, and that these antibodies can be used as predictor biomarkers for brain 
damage, with high sensitivity and specificity, in psychiatric patients presenting with NMS. 

 
Introduction  
 

Neuroleptic malignant syndrome 
(NMS) is an unpredictable acute idiosyncratic 
reaction to antipsychotics. It is characterized 
by a group of clinical manifestations, 
including changes in mental status, generalized 
muscular rigidity, hyperpyrexia, and disturbed 
autonomic functions. It can be lethal if not 
diagnosed and treated properly (Pileggi and 
Cook, 2016). 

An immunologic hypothesis for NMS 
has been implicated, depending on the 
evidence that the acute-phase immunologic 
response is activated in this syndrome. Several 
mechanisms also have been postulated in the 
_________________________________________ 
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induction of this acute phase response, 
including autoantibody production, virus-drug 
interaction, heat stress, muscle breakdown, and 
psychological stress (Delgado et al., 2016).  

In addition, patients with a history of 
NMS have been found to have autoantibodies 
against neurotransmitter receptors. The 
antigenic stimulus for induction of this 
immune response could be the antipsychotic 
medication itself, which interacts with 
endogenous proteins and neurotransmitter 
receptors in the brain, resulting in the initiation 
or even exacerbation of neuropsychiatric 
disorders, including NMS (Korchia et al., 
2018).    

Human alpha-synuclein (α-syn) protein 
is a neuronal cytoskeletal protein that has been 
closely associated with chronic neuro-
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degenerative brain disorders, such as 
Parkinson’s disease (PD). Moreover, 
postmortem microscopic examinations of the 
brain tissues of patients with senile Lewy body 
dementia (LBD), a potential contributing 
factor for NMS, have revealed the presence of 
α-syn protein aggregates in the neurons of 
these individuals; a finding that could provide 
a suggested association between α-syn protein 
and acute emergency conditions as NMS 
(Goedert et al., 2017).   

This work aims to evaluate the 
correlation between serum levels of the 
naturally occurring IgM and IgG anti-
synuclein alpha (anti-SNCa) auto-antibodies 
and the risk of development of NMS in 
psychiatric patients administered antipsychotic 
medications, as well as to investigate the 
diagnostic value of these antibodies as 
potential biomarkers for diagnosis of 
antipsychotics-induced brain damage in 
psychiatric patients presenting with NMS. 
 
Subjects and Methods: 
Subjects: 

The present study is a descriptive 
cross-sectional comparative case-control study 
that was carried out on 150 subjects, recruited 
from the Toxicology Unit of Mansoura 
University Emergency Hospital (MUEH) and 
Mansoura University Psychiatry Department, 
during the period from October 2018 to 
February 2020. They were divided into three 
groups: group I (case group), which included 
30 psychiatric patients on antipsychotic 
medications presenting with NMS, group II 
(positive control group), which included 60 
psychiatric patients on antipsychotic 
medications with no previous history of NMS, 
and group III (negative control group or 
healthy group) that included 60 healthy 
volunteers with no history of previous 
psychiatric troubles, receiving antipsychotic 

medications or having any of the 
neurodegenerative brain disorders.  

This study was approved by the 
Institutional Review Board (IRB), Faculty of 
Medicine, Mansoura University (code: 
MD/17.12.50). All participants in the current 
study, or relatives of the confused patients in 
the case group, were fully informed about the 
goals of the research and the confidentiality of 
the results. From each participant, informed 
written consent was obtained, declaring his/her 
approval to provide history, undergo a clinical 
examination, and give a blood sample. Blood 
samples were collected from the NMS patients 
before intervention therapy. 
Exclusion Criteria: 

For all psychiatric patients who 
attended the Toxicology Unit, certain 
exclusion criteria were considered before 
enrolment. These criteria included the previous 
history of significant head trauma or traumatic 
brain injuries (Wang et al., 2016), 
neurosurgeries (Mondello et al., 2016), 
cerebrovascular stroke; either intracranial 
hemorrhage or ischaemic stroke (Glushakova, 
et al., 2016), epilepsy (Stanciu et al., 2019), 
meningitis or encephalitis (Rohlwink and 
Figaji, 2014), carbon monoxide toxicity 
(Akdemir et al., 2014),  neurodegenerative 
brain disorders, such as PD (Shalash et al., 
2017), AD (Zetterberg, 2019) and LBD 
(Koenig et al., 2018), brain tumor (Prinz and 
Priller, 2014), auto-immune disease and 
immune suppression therapy (El-Fawal, 2014), 
chronic alcoholism (Modi et al., 2016), 
addiction of any of the drugs of abuse, such as 
opiate and heroin (Cadet et al., 2014) and 
occupational exposure to pesticides for more 
than one year (Abd El Rahman et al., 2018).  
Methods: 

All participants were subjected to the 
following: (1) thorough history taking 
focusing on psychiatric disease duration and 
detailed profile regarding the prescribed 
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antipsychotic drugs within at least 2-4 weeks 
before NMS development, (2) full clinical 
examination together with available laboratory 
testing and radiological evaluation to assess 
for the classical clinical tetrad of NMS, as well 
as to exclude medical conditions that could 
mimic the syndrome.  

From all participants, blood samples (5 
ml from each subject) were drawn. Sera were 
stored in a deep freeze at -80°C until analysis. 
Measurement of the serum levels of IgM and 
IgG anti-SNCa auto-antibodies was finally 
performed using a microplate ELIZA reader 
(with a 450±10 nm filter), according to the 
manufacturer manual of the ELIZA kit 
purchased from American Research Products 
Inc. (Belmont, MA, USA; Catalogue No. 
AEB222Hu).    
 
Statistical Analysis: 
 

The collected data were coded, 
processed, and analyzed using Statistical 
Package for Social Sciences (SPSS) program 
for windows (version 22.0). One-way analysis 
of variance (ANOVA) test, Monte Carlo test, 
Chi-square test, Kruskal-Wallis, and Mann-

Whitney U test were performed for statistical 
comparisons. Qualitative data were described 
using numbers and percentages. Quantitative 
data were described using median (minimum 
and maximum) and interquartile range for non-
parametric data and mean, standard deviation 
(SD) for parametric data after testing 
normality using Kolmogorov-Smirnov test or 
Shapiro-Wilk test. The significance of the 
obtained results was judged when the p-value 
< 0.05. 
 
Results: 
 

The statistical results of the socio-
demographic characteristics of the studied 
subjects are shown in table (1). The majority 
of patients in the case group were males 
(63.33%), with no statistically significant 
differences among the studied groups 
regarding sex. There were statistically 
significant differences between the case and 
the control groups regarding age and residence 
(p < 0.05). Regarding smoking, no statistically 
significant differences were found between the 
case and control groups (p > 0.05).  

Table (1): Statistical results of sociodemographic characteristics of the studied subjects (n=150). 

 Group I 
 (n=30) 

Group II 
 (n=60) Group III (n=60) Test of significance 

 Age (years) 
Mean ± SD 
Range (min-max) 

46.60 ± 8.45 
(33 - 68) 

39.15 ± 10.55a 
(16 - 68) 

39.62 ± 9.87a 
(17 - 62) 

F = 6.41 
p = 0.002* 

Sex n (%) n (%) n (%) 
 Males 19 (63.3) 30 (50.0) 30 (50.0) 
 Females 11 (36.7) 30 (50.0) 30 (50.0) 

 
 

χ2 = 1.71 
p = 0.425 

Residence n (%) n (%) n (%) 
 Rural 10 (33.3) 19 (31.7) 31 (51.7) 

 Urban 20 (66.7) 41 (68.3) 29 (48.3) 

 
 

χ2 = 10.25 
p = 0.006* 

Smoking n (%) n (%) n (%) 
 Non-smokers 16 (53.3) 34 (56.7) 36 (60.0) 

 Smokers 14 (46.7) 26 (43.3) 24 (40.0) 

 
 

χ2 = 0.382 
p = 0.826 

F: for One Way ANOVA test, SD: standard deviation, χ2: for Chi-square test, n: number, min: minimum, max: maximum, 
*: Statistically significant at p < 0.05, similar superscripted letters denote the non-significant difference between the studied groups. 
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As regards the psychiatric history of the 
studied patients in the case and positive 
control groups, the majority of patients in 
both groups had bipolar disorder, followed by 
schizophrenia, with no statistically significant 
differences between the two studied groups 

regarding each of the psychiatric disorders, or 
the mean duration of the psychiatric illness  
(p > 0.05), (Table 2). In addition, the most 
frequently used antipsychotic drugs in the two 
groups were olanzapine, trifluoperazine, and 
risperidone. 

Table (2): Statistical results of the psychiatric disorders distribution among group I and group II 
(n=90). 

Psychiatric disorders Group I 
 (n=30) 

Group II 
 (n=60) Test of significance 

n (%) n (%)  
 Schizophrenia 8 (26.7) 21 (35.0) 
 Schizo-affective  5 (16.7) 9 (15.0) 
 Mania 10 (30.0) 1 (1.7) 
 Depression 5 (16.7) 2 (3.3) 
 Bipolar disorder 17 (56.7) 27 (45.0) 

MC 
p = 0.64 

 Duration of psychiatric illness or antipsychotic drug therapy (years) 
Mean 
Range (min-max) 

4.5 
(2.0 - 10.0) 

5 
(1.5 - 20.0) 

χ2 = 1.16 
  p = 0.244 

MC: for Monte Carlo test, χ2: for Chi-square test, n: number, min: minimum, max: maximum. 

Serum levels of IgM and IgG anti-SNCa 
antibodies are shown in table (3) and figure 
(1). The median serum levels of both IgM and 
IgG anti-SNCa antibodies were significantly 

higher (p < 0.05) in the case group, compared 
with the positive control group, and the 
healthy control group.    

Table (3):  Statistical results of the serum anti-SNCa antibodies levels (IgM and IgG) among the 
studied groups (n=150). 

 Group I 
 (n=30) 

Group II 
 (n=60) 

Group III 
(n=60) 

Test of 
significance 

Median 
(min-max) 

Median 
(min-max) 

Median 
(min-max) 

 
 
 

 IgM (ng/ml) 
38.5 

(1.8 - 100)AB 
15.90 

(0.70 - 51)AC 
0.2 

(0.01 - 22)BC 

 

KW 
p < 0.001* 

 IgG (ng/ml) 
9.0 

(0.7 - 75)AB 
4.0 

(0.8 - 14)AC 
1.0 

(0.05 - 10)BC 
KW 

p < 0.001* 

KW: for Kruskal Wallis test, IgM: immunoglobulin-M, IgG: immunoglobulin-G, n: number, min: minimum, max: maximum,  
*: Statistically significant at p < 0.05, similar superscripted letters denote the non-significant difference between the studied groups 
with Mann Whitney U test. 
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Fig. (1): Box and Whisker plot showing the median serum anti-

SNCa antibodies level (IgM and IgG) (ng/ml) in the three 
studied groups (n = 150). 

The distribution of serum levels of IgM 
and IgG anti-SNCa antibodies among cases 
with NMS according to the administered 
antipsychotic medications is shown in tables 
(4 and 5). According to these results, no 
statistically significant correlations were 
found between the median serum levels of 

either IgM or IgG anti-SNCa antibodies and 
each of the most frequently administered 
antipsychotic drugs, or a certain antipsychotic 
drug category (neither FGAs nor SGAs) 
among the studied cases with NMS (p > 
0.05).  

Table (4): Statistical results of the distribution of the median serum levels of IgM and IgG anti-
SNCa antibodies according to the currently administered antipsychotics (by drug type) 
among the case group (n=30):   

IgM       (ng/ml) IgG      (ng/ml)  

Median 
(min-max) 

test of 
significance Median 

(min-max) 

test of 
significance 

 Olanzapine  

 Not administered 9.0 
(0.7 - 75) 

23.5 
(1.8 - 56) 

 Administered 9.0 
(0.8 - 66) 

Z = 0.155 
p = 0.877 40.25 

(8 - 100) 

Z = 1.96 
p = 0.05 

 Risperidone 

 Not administered 9.0 
(0.8 - 75) 

29.0 
(8 - 80) 

 Administered 9.0 
(0.7 - 66) 

Z = 0.694 
p = 0.488 40.0 

(1.8 - 100) 

Z = 0.956 
p = 0.339 

 Trifluoperazine  

 Not administered 9.0 
(0.7 - 66) 

39.5 
(1.8 - 100) 

 Administered 9.75 
(1.2 - 75) 

Z = 1.52 
p = 0.129 29.0 

(10.4 - 80) 

Z = 0.146 
p = 0.884 

Z: for Mann Whitney U test, min: minimum, max: maximum.  
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Table (5): Statistical results of the distribution of the median serum levels of IgM and IgG anti-
SNCa antibodies according to the currently administered antipsychotics (by drug 
category) among the case group (n=30):   

Serum anti-SNCa 
antibodies FGA only SGAs only Combined   FGA 

& SGAs 
test of 

significance 

Median 
(min-max) 

Median 
(min-max) 

Median 
(min-max)  

  IgM (ng/ml) 11.5 
(9.0 - 25) 

9.0 
(0.7 - 66) 

9.0 
(0.8 - 75) 

 
 

KW 
p = 0.431 

  IgG (ng/ml) 24.4 
(11.7 - 43) 

38.5 
(1.8 - 100) 

41.0 
(8.0 - 82) 

KW                   p 
= 0.563 

KW: for Kruskal Wallis test, χ2: for Chi-square test, FGAs: First-generation antipsychotics. SGAs: Second-generation 
antipsychotics, IgM: immunoglobulin-M, IgG: immunoglobulin-G, min: minimum, max: maximum. 

 

As illustrated in the table (6), no 
statistically significant correlations were 
found between the median serum levels of 

either IgM or IgG anti-SNCa antibodies and a 
certain psychiatric disorder among the studied 
cases with   NMS (p > 0.05).  

Table (6): Statistical results of the distribution of the median serum levels of IgM and IgG  
anti-SNCa antibodies according to the psychiatric disorders among the case group 
(n=30):   

IgM       (ng/ml) IgG      (ng/ml) 
Psychiatric disorders Median 

(min-max) 

test of 
significance Median 

(min-max) 

test of 
significance 

 Schizophrenia 
4.0 

(0.8 - 66) 
20.0 

(0.7 - 100) 

 Schizo-affective  
3.5 

(0.8 - 55) 
18.5 

(3.5 - 51) 

 Mania 
8.0 

(8.0 - 8.0) 
20.0 

(20 - 20) 

 Depression 
8.5 

(7 - 10) 
14.4 

(11 - 17.8) 

 Bipolar disorder 
5.5 

(0.7 - 75) 

KW 
p = 0.688 

22.0 
(1.1 - 82) 

KW 
p = 0.967 

KW: for Kruskal Wallis test, min: minimum, max: maximum. 
 

The present work demonstrated that 
the median serum levels of both IgM and IgG 
anti-SNCa antibodies were found to be 

significantly higher among male patients with 
NMS, compared with females (p < 0.001), as 
illustrated in the table (7).  
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Table (7):  Statistical results of the distribution of the median serum levels of IgM and IgG anti-
SNCa antibodies among male and female psychiatric patients in the case group (n=30):   

IgM          (ng/ml) IgG         (ng/ml) 
Patients’ Sex Median 

(min-max) 

test of 
significance Median 

(min-max) 

test of 
significance 

 Males 
5.0000 

(0.70 - 40.00) 
11.7000 

(0.01 - 80.00) 

 Females  
2.0000 

(0.05 - 75.00) 

Z = 2.40 
p = 0.0168* 2.8000 

(0.01 - 100.00) 

Z = 2.51 
p = 0.012* 

Z: for Mann Whitney U test, *: Statistically significant at p < 0.05, min: minimum, max: maximum.  
  

Regarding the diagnostic value of 
serum levels of anti-SNCa antibodies (IgM 
and IgG) in the prediction of NMS among the 
studied groups, table (8) and figure (2) 
illustrates that when comparing group I with 
group II, the median serum IgM level 
demonstrated 80.0% sensitivity and 83.3% 
specificity at a cut-off point 8.5 
(AUC=0.780), while the median serum IgG 
level demonstrated 70.0% sensitivity and 
70.0% specificity at a cut-off point 22.5 
(AUC=0.762). There were statistically highly 
significant differences between the two 
studied groups as regards both serum IgM and 
IgG antibodies levels (p < 0.001).  

When comparing group I with group 
III, as shown in table (8) and figure (3), the 
median serum IgM level demonstrated 83.3% 
sensitivity and  83.3% specificity at a cut-off 
point 7.0 (AUC=0.804), while the median 

serum IgG level demonstrated 96.7% 
sensitivity and 98.3% specificity at a cut-off 
point 6.55 (AUC=0.990). There were 
statistically highly significant differences 
between the two studied groups as regards 
both serum IgM and IgG antibodies levels (p 
< 0.001). 

On the other hand, as revealed in table 
(8) and figure (4), when comparing group II 
with group III, the median serum IgM level 
demonstrated 71.7% sensitivity and  55.0% 
specificity at a cut-off point of 1.25 
(AUC=0.640), while the median serum IgG 
level demonstrated 96.7% sensitivity and 
83.3% specificity at a cut-off point 6.55 
(AUC=0.956). There were statistically 
significant differences between the two 
studied groups as regards both serum IgM and 
IgG antibodies levels (p < 0.001). 
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Table (8): The validity of serum levels of IgM and IgG anti-SNCa antibodies levels in the 
prediction of the neuroleptic malignant syndrome among the studied groups:   

 
AUC 

(95% CI) p-value Cut-off 
point 

Sensitivity 
(%) 

Specificity 
(%) 

Group I compared with Group II 

 IgM 0.780 
(0.661 - 0.899) < 0.001* 8.5 80.0 83.3 

 IgG 0.762 
 (0.653 - 0.871) < 0.001* 22.5 70.0 70.0 

Group I compared with Group III 

 IgM 0.804 
(0.699 - 0.912) < 0.001* 7.0 83.3 83.3 

 IgG 0.990 
(0.975 - 1.0) < 0.001* 6.55 96.7 98.3 

Group II compared with Group III 

 IgM 0.640 
(0.540 - 0.740) 0.008* 1.25 71.7 55.0 

 IgG 0.956 
(0.922 - 0.990) < 0.001* 1.65 96.7 83.3 

AUC: Area under the curve, CI: Confidence interval, IgM: immunoglobulin-M, IgG: immunoglobulin-G,  
*: Statistically significant at p < 0.05, serum IgG & IgM levels are described as median (minimum-maximum). 

 
 

Fig. (2): A receiver operating 
characteristics curve to detect 
the diagnostic value of serum 
IgM and IgG anti-SNCa 
antibodies levels in the 
prediction of the neuroleptic 
malignant syndrome, when 
comparing between group I 
and group II.  
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Fig. (3): A receiver operating 
characteristics curve to detect 
the diagnostic value of serum 
IgM and IgG anti-SNCa 
antibodies levels in the 
prediction of the neuroleptic 
malignant syndrome, when 
comparing between group I 
and group III.  

 

Fig. (4): A receiver operating 
characteristics curve to detect 
the diagnostic value of serum 
IgM and IgG anti-SNCa 
antibodies levels in the 
prediction of the neuroleptic 
malignant syndrome, when 
comparing between group II 
and group III.  

Discussion: 
 

Since its discovery, α-syn protein has 
become one of the most important neuronal 
cytoskeletal proteins, particularly with its 
close association with chronic neuro-
degenerative brain disorders (Bengoa-
Vergniory et al., 2017).  

Up till now, most human and animal 
studies regarding α-syn protein have focused 
on the biological functions of this protein and 
its role in dopamine biosynthesis regulation or 
its interaction with dopamine receptors. In 
addition, several studies have investigated the 
relationship between anti-SNCa auto-

antibodies and the development of chronic 
neurodegenerative brain disorders, such as 
AD, PD, and LBD. To our knowledge, no 
previous studies have been conducted to 
investigate the direct relationship between 
anti-SNCa antibodies and the development of 
acute emergencies, such as NMS. Hence, the 
strength of this study is that it is the first study 
focusing on this point of interest. 

The current study found that the risk for 
occurrence of NMS was higher among young 
male patients, with statistically significant 
differences between the case and the control 
groups, regarding age. 

The present results are consistent with a 
previous meta-analysis conducted by Gurrera 
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(2017). They showed a predominance of 
males in most (75%) estimates with an overall 
median sex ratio of 1.47 (95% CI, range: 
1.20-1.80). In addition, the study found that 
NMS incidence peaked at age 20-25 years and 
declined steadily thereafter.  

The relatively high incidence of NMS 
among men was explained by different 
suggestions. One explanation was that men 
aged 25-91 years have 48% greater skeletal 
muscle mass than comparably aged women. 
Greater muscle mass in men might produce 
more noticeable rigidity or higher metabolism 
leading to more extreme body temperature 
(Strugnell et al., 2014).  

Moreover, antipsychotic medication 
exposure may differ among men and women. 
Several studies have found that psychotic 
disorders, and specifically schizophrenia, are 
more prevalent in men (Bergen et al., 2014). 
Furthermore, several studies have shown that 
men usually require higher doses of 
antipsychotic medications to achieve 
comparable clinical effects (Velamoor, 2017).  

The current results revealed that the 
majority of patients in the case group and 
positive control group had bipolar disorder, 
followed by schizophrenia, with no 
statistically significant differences between 
the two studied groups regarding each of the 
complained psychiatric disorders. In addition, 
the mean duration of the psychiatric illness, 
and in turn that of the antipsychotic therapy 
was 4.5 years in the case group, compared 
with 5 years in the positive control group. The 
most frequently administered antipsychotic 
drugs in both the case and positive control 
groups were olanzapine, trifluoperazine, and 
risperidone. In particular, the majority of 
patients in the two groups were maintained on 
SGAs (atypical neuroleptics), either alone or 
combined with FGAs (typical neuroleptics). 
No statistically significant differences were 
found between the two groups regarding each 

of the psychiatric disorders, the mean duration 
of the psychiatric illness, or the mean duration 
of the antipsychotic drug therapy. 

The relationship between antipsychotic 
drug exposure and neuronal cytotoxicity, 
including oxidative stress, apoptosis, and 
neurodegeneration has become a point of 
concern in several experimental studies. For 
instance, Singh et al. (2016) conducted a 
study to assess the effects of prenatal 
exposure to risperidone on neurotoxicity in rat 
offspring. They found significant stunting of 
fetal brain weight, a substantial reduction in 
the thickness of neocortical layers, and 
apoptotic neurodegeneration in fetal brains, as 
well as the long-lasting impact on anxiety, 
like impaired behavioral responses on 
explorative mazes.  

According to previous experimental 
studies, the present study hypothesizes that 
chronic exposure to antipsychotics may result 
in neurodegenerative changes in the brain 
parenchyma, leading to accumulation of 
misfolded proteins, including α-syn protein 
(Singh et al., 2016). These proteins leak into 
the CSF and reach the circulation through the 
damaged blood-brain barrier. These leaked 
proteins act as auto-antigens that stimulate the 
immune system to produce autoantibodies 
against them (Kobeissy and Moshourab, 
2015).   

The most important auto-antibodies are 
the memory antibodies IgG (half-life, 23 
days) accounting for approximately 70% of 
the total immunoglobulins. Since IgG 
autoantibodies against the released proteins 
will last a much longer period than the 
proteins themselves, serum autoantibodies 
had been used as biomarkers for brain injury 
in the blood instead of the native proteins, 
either in the CSF or in peripheral blood 
(Abou-Donia et al., 2014).  

In the current study, although IgM was 
found to be significantly higher than IgG in 
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the case group, both IgM and IgG were 
significantly higher in the case group, 
compared with the control groups. 

The current findings can be explained 
by the physiological fact that IgM antibodies 
are produced from plasma cells in small 
amounts during the primary immune 
response; as a result of the first exposure to a 
certain antigen, and then with recurrent 
exposure to the same antigen, the secondary 
immune response leads to release of large 
amounts of IgG antibodies from plasma cells. 
This fact means that the presence of IgM 
antibodies indicates recent (acute) exposure to 
the antigen, while IgG antibodies indicate old 
(chronic) antigenic exposure (El-Fawal, 
2014). This is why the serum levels of IgM 
anti-SNCa antibodies are significantly higher 
in the cases presenting with NMS, which is an 
acute emergency condition, compared with 
the other control groups.      

In other words, the relatively higher 
serum levels of IgM antibodies in the case 
group, compared with serum levels of IgG 
antibodies may be an indicator of the 
occurrence of a recent acute significant brain 
damage that could precipitate NMS. On the 
other hand, the presence of relatively lower 
serum levels of IgG antibodies in the case 
group and the positive control group can 
indicate old recurrent minute unnoticed 
degenerative changes over time of exposure to 
antipsychotics that were not significant 
enough to induce NMS in such patients.           

This finding confirms several other 
studies that have focused on the chronic 
neurodegenerative brain disorders that may 
precipitate NMS, such as AD, PD, and LBD 
(Shalash et al., 2017). They found that serum 
levels of IgG anti-SNCa antibodies were 
significantly higher in the affected patients, 
compared with the normal healthy controls.  

According to the results of the present 
work, statistically high significant correlations 

were found between the median serum levels 
of both IgM and IgG anti-SNCa antibodies 
and the patients’ sex among the studied cases 
with NMS, being significantly higher among 
males patients.  

This finding can explain the 
predominance of NMS among male patients, 
either in the current study or in previous 
studies. In simple words, this finding means 
that the incidence of the proposed 
antipsychotics-induced brain damage and 
neuronal cytotoxicity was much higher among 
psychiatric male patients, causing higher 
serum levels of anti-SNCa antibodies, as well 
as a higher incidence of NMS among those 
patients, confirming the hypothesis of the 
current study. 

On the other hand, the present results 
revealed that the increased IgM and IgG 
antibodies, as biomarkers for brain damage, in 
patients with NMS cannot be attributed to a 
certain antipsychotic drug or a specific 
neuroleptic category, either typical or 
atypical. Also, no statistically significant 
correlations were found between the median 
serum levels of either IgM or IgG anti-SNCa 
antibodies and a certain psychiatric illness 
among psychiatric patients either in the case 
group or in the positive control group. 

From the findings of this work, it can be 
concluded that significant associations were 
identified between increasing serum levels of 
IgM and IgG anti-SNCa antibodies, chronic 
antipsychotic drug intake, and development of 
NMS among psychiatric patients and that 
these antibodies can be used as predictor 
markers for brain damage, with high 
sensitivity and specificity, in patients 
presenting with NMS.  

 
Recommendations: 

According to the findings of the present 
study, certain precautions and 
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recommendations, directed to both healthcare 
providers and researchers, should be 
considered to lower the risk of development 
of NMS:  

(1) More research is recommended to 
elucidate the mechanism of this 
antipsychotic-induced brain damage.  

(2) It is recommended to search for more 
biomarkers for antipsychotic-induced 
brain damage. 

(3) It is recommended to search for 
mechanisms behind the increased 
incidence of NMS in males.  

(4) Increase awareness of physicians 
about risks of NMS in patients on 
antipsychotics to lower its incidence.    

 
Acknowledgment: 

The authors wish to convey their 
deepest gratitude and appreciation to Dr. 
Mohamed Mosad Salama, Assistant Professor 
of Forensic Medicine and Clinical 
Toxicology, Faculty of Medicine, Mansoura 
University, and to Dr. Hassan Mohammed 
Sonbol, Lecturer of Psychiatry, Faculty of 
Medicine, Mansoura University, for their 
great help and guidance in performing the 
practical part of the study. 

 
Conflict of interest: 

All authors confirm that there are no 
declarations of interest. Amal A. El-Bakary 

is one of the coauthors and the managing 
editor of the Mansoura Journal of Forensic 
Medicine & Clinical Toxicology journal. She 
declares that she did not review the paper nor 
was included in the team handling the paper 
till acceptance by independent reviewers who 
were blind about the authors of the paper. 

 

References: 
 

Abd El Rahman H.A., Salama M., El-Hak 
S.A.G., et al. (2018). ‘A panel of 
autoantibodies against neural proteins as 
a peripheral biomarker for pesticide-
induced neurotoxicity’. Neurotoxicity 
Research, 33(2), p. 316-336. 

Abou-Donia M.B., Van de Goot F.R.W. 
and Mulder M.F.A. (2014). 
‘Autoantibody markers of neural 
degeneration are associated with post-
mortem histopathological alterations of 
a neurologically-injured pilot’. Journal 
of Biological Physics and Chemistry, 
14, p. 34-53. 

Akdemir H.U., Yardan T., Kati C., et al. 
(2014). ‘The role of S100B protein, 
neuron-specific enolase, and glial 
fibrillary acidic protein in the evaluation 
of hypoxic brain injury in acute carbon 
monoxide poisoning’. Human and 
Experimental Toxicology, 33(11), p. 
1113-1120.  

Bengoa-Vergniory N., Roberts R.F., Wade-
Martins R., et al. (2017). ‘Alpha-
synuclein oligomers: a new hope’. Acta 
Neuropathologica, 134(6), p. 819-838. 

Bergen S.E., O'Dushlaine C.T., Lee P.H., et 
al. (2014). ‘Genetic modifiers and 
subtypes in schizophrenia: 
investigations of age at onset, severity, 
sex and family history. Schizophrenia 
Research, 154(1-3), p. 48-53.  

Cadet J.L., Bisagno V. and Milroy C.M. 
(2014). ‘Neuropathology of substance 
use disorders. Acta Neuro-
pathologica, 127(1), p.91-107.  

Delgado S.R., Tornes L., Maldonado J., et 
al. (2016). ‘Neuroleptic malignant 
syndrome associated with refractory 
acute disseminated encephalomyelitis. 



 

 

Musa et al. 

Mansoura J. Forens. Med. Clin. Toxicol., Vol. 30, No. 1, Jan. 2022  
 

41 

Case Reports in Neurology, 8(1), p.  
92-96. 

El-Fawal H.A.N. (2014). ‘Neuroantibody 
biomarkers: links and challenges in 
environmental neurodegeneration and 
autoimmunity. Autoimmune Diseases 
(Online Journal), Article ID: 340875, 
DOI: 
http://dx.doi.org/10.1155/2014/340875. 

Glushakova O.Y., Glushakov A.V., Miller 
E.R., et al. (2016). ‘Biomarkers for 
acute diagnosis and management of 
stroke in neurointensive care units. 
Brain Circulation, 2(1), p. 28-47. 

Goedert M., Jakes R. and Spillantini M.G. 
(2017). ‘The synucleinopathies: twenty 
years on. Journal of Parkinson's 
Disease, 7(1), p. 51-69. 

Gurrera R.J. (2017). ‘A systematic review of 
sex and age factors in neuroleptic 
malignant syndrome diagnosis 
frequency’. Acta Psychiatrica 
Scandinavica, 135(5), p. 398-408. 

Kobeissy F. and Moshourab R.A. (2015). 
‘Autoantibodies in CNS trauma and 
neuropsychiatric disorders a new 
generation of biomarkers’. In: Brain 
Neurotrauma: Molecular, Neuro-
psychological, and Rehabilitation 
Aspects. Kobeissy, F.H. (Ed.), CRC 
Press, Taylor and Francis Inc., London, 
p. 12-28. 

Koenig A.M., Nobuhara C.K., Williams 
V.J., et al. (2018). ‘Biomarkers in 
Alzheimer’s, frontotemporal, Lewy 
body, and vascular dementias. 
Focus, 16(2), p. 164-172. 

Korchia T., Blackman G., Cermolacce M., 
et al. (2018). ‘Neuroleptic malignant 
syndrome following the reintroduction 
of an antipsychotic after overdose’. Case 
Reports, 2018:bcr-2017.  

Modi S., Dharaiya D., Schultz L., et al. 
(2016). ‘Neuroleptic malignant 
syndrome: complications, outcomes, and 
mortality. Neurocritical Care, 
24 (1), p. 97-103. 

Mondello S., Shear D.A., Bramlett H.M., et 
al. (2016). ‘Insight into pre-clinical 
models of traumatic brain injury using 
circulating brain damage biomarkers: 
Operation brain trauma therapy’. 
Journal of Neurotrauma, 33(6). p. 595-
605.  

Pileggi D.J. and Cook A.M. (2016). 
‘Neuroleptic malignant syndrome: focus 
on treatment and rechallenge’. Annals of 
Pharmacotherapy, 50(11), p. 973-981.  

Prinz M. and Priller J. (2014). ‘Microglia 
and brain macrophages in the molecular 
age: from origin to neuropsychiatric 
disease’. Nature Reviews Neuroscience, 
15(5), p. 300-312.  

Rohlwink U.K. and Figaji A.A. (2014). 
‘Biomarkers of brain injury in cerebral 
infections. Clinical Chemistry, 60(6), p. 
823-834.  

Shalash A., Salama M., Makar M., et al. 
(2017). ‘Elevated serum α-synuclein 
autoantibodies in patients with 
Parkinson’s disease relative to 
Alzheimer’s disease and controls. 
Frontiers in Neurology, 8, p. 720. 

Singh K.P., Singh M.K., and Singh M. 
(2016). ‘Effects of prenatal exposure to 
antipsychotic risperidone on 
developmental neurotoxicity, apoptotic 
neurodegeneration and neurobehavioral 
sequelae in rat offspring’. International 
Journal of Developmental Neuro-
science, 52, p. 13-23.  

Stanciu G.D., Bild V., Ababei D.C., et al. 
(2019). ‘Relevance of surface neuronal 
protein autoantibodies as biomarkers in 



 

 

Musa et al. 

Mansoura J. Forens. Med. Clin. Toxicol., Vol. 30, No. 1, Jan. 2022  
 

42 

seizure-associated disorders. 
International Journal of Molecular 
Sciences, 20(18), p. 4529. 

Strugnell C., Dunstan D.W., Magliano D.J., 
et al. (2014). ‘Influence of age and 
gender on fat mass, fat-free mass and 
skeletal muscle mass among Australian 
adults: Australian diabetes, obesity and 
lifestyle study (AusDiab)’. The Journal 
of Nutrition, Health, and Aging, 18(5), 
p. 540-546.  

Velamoor R. (2017). ‘Neuroleptic malignant 
syndrome: a neuro-psychiatric 
emergency: recognition, prevention, and 

management. Asian Journal of 
Psychiatry, 29, p. 106-109. 

Wang K.K., Yang Z., Yue J.K., et al. 
(2016). ‘Plasma anti-glial fibrillary 
acidic protein autoantibody levels 
during the acute and chronic phases of 
traumatic brain injury: a transforming 
research and clinical knowledge in 
traumatic brain injury pilot 
study’. Journal of Neurotrauma, 33(13), 
p. 1270-1277.  

Zetterberg H. (2019) ‘Blood-based 
biomarkers for Alzheimer’s disease-An 
update’. Journal of Neuroscience 
Methods, 319, p. 2-6. 

 
 



 

 

Musa et al. 

Mansoura J. Forens. Med. Clin. Toxicol., Vol. 30, No. 1, Jan. 2022  
 

43 

 
  

 
 

 

 

  جامعة المنصورة- كلیة الطب - قسم الطب الشرعي والسموم الإكلینیكیة 
 

 غیѧر  فعل كرد حدثت ما غالباً والتي الممیتة، العصبیة الطواريء حالات إحدى الخبیثة الذھان متلازمة تعد
-ألفѧا  بѧروتین  یعتبѧر  الآخѧر،  الجانѧب  علѧى . للѧذھان  المѧضادة  العقѧاقیر  تجѧاه  العѧصبي  الجھѧاز  مѧن  ومفѧاجيء  طبیعي

 بحѧѧدوث مѧѧؤخراً ارتѧѧبط والѧذي  العѧѧصبي، الخلѧѧوي بالھیكѧل  والمرتبطѧѧة الھامѧѧة البروتینѧات  أحѧѧد البѧѧشري سѧاینوكلین 
 لتقیѧیم  الحالیѧة  الدراسѧة  أجریѧت . الرعѧاش  الѧشلل  مѧرض  مثѧل  المزمنѧة،  التنكѧسیة  العѧصبیة  الاضطرابات من العدید

وخطѧر  ) الѧسیرم ( بمѧصل الѧدم   (IgM & IgG)كلین سѧاینو -ألفѧا  لبѧروتین  المѧضادة  الأجѧسام  مѧستویات  بѧین  العلاقة
حدوث متلازمة الذھان الخبیثة لدى المرضى النفسیین الذین یتناولون العقاقیر المضادة للѧذھان، وكѧذا للتحقѧق مѧن          
القیمѧѧة التشخیѧѧصیة لتلѧѧك الأجѧѧسام المѧѧضادة كمؤشѧѧرات حیویѧѧة محتملѧѧة لتѧѧشخیص تلѧѧف الѧѧدماغ النѧѧاجم عѧѧن تنѧѧاول      

أجریѧت ھѧذه الدراسѧة    . النفسیین الذین یعانون مѧن متلازمѧة الѧذھان الخبیثѧة     العقاقیر المضادة للذھان لدى المرضى      
 مریѧضاً  ٣٠) مجموعѧة الحѧالات  (تضمنت المجموعة الأولى .  شخصاً تم تقسیمھم إلى ثلاث مجموعات١٥٠على  

المجموعѧة  نفسیاً ممن یتلقون العقاقیر المضادة للذھان، والذین یعانون من متلازمة الѧذھان الخبیثѧة، بینمѧا اشѧتملت       
 مریضاً نفسیاً من المتلقین للعقاقیر المضادة للذھان، والذین لѧم یعѧانون     ٦٠على  ) مجموعة ضابطة إیجابیة  (الثانیة  

فقѧد  ) مجموعѧة ضѧابطة سѧلبیة   (أمѧا المجموعѧة الثالثѧة    . مسبقاً من متلازمة الذھان الخبیثة خلال تѧاریخھم المرضѧي   
 فѧي مѧصل   (IgM & IgG)یاس مѧستویات الأجѧسام المѧضادة    تم ق.  شخصاً من المتطوعین الأصحاء٦٠تضمنت 

وكѧѧشفت الدراسѧѧة أن متوسѧѧط مѧѧستویات الأجѧѧسام     . (ELIZA)الѧѧدم باسѧѧتخدام تقنیѧѧة الفحѧѧص المنѧѧاعي الإنزیمѧѧي     
 بمѧصل الѧدم كѧان أعلѧى بѧشكل ملحѧوظ لѧدى مرضѧى مجموعѧة          (IgM & IgG)سѧاینوكلین  -المضادة لبروتین ألفѧا 

عتین الѧضابطتین، بالإضѧافة إلѧى وجѧود فѧروق ذات دلالѧة إحѧصائیة عالیѧة بѧین           الحالات، مقارنة بكѧل مѧن المجمѧو       
 > p)المجموعات الثلاث محل الدراسة فیما یتعلق بمتوسط مѧستویات تلѧك الأجѧسام المѧضادة بمѧصل الѧدم               

ة مѧѧن تلѧѧك النتѧѧائج نѧѧستخلص وجѧѧود علاقѧѧة ذات دلالѧѧة إحѧѧصائیة بѧѧین زیѧѧادة مѧѧستویات الأجѧѧسام المѧѧضاد     . (0.001
بمصل الدم من ناحیة، وكل مѧن التنѧاول المѧزمن للعقѧاقیر المѧضادة      ) IgG أو  IgMسواء  (ساینوكلین  -لبروتین ألفا 

للذھان، وإمكانیة حدوث متلازمة الذھان الخبیثة لدى المرضى النفسیین المتلقین لتلѧك العقѧاقیر مѧن ناحیѧة أخѧرى،           
ؤشѧرات تنبؤیѧة لتلѧف الѧدماغ النѧاجم عѧن تنѧاول العقѧاقیر         بالإضافة إلѧى إمكانیѧة اسѧتخدام تلѧك الأجѧسام المѧضادة كم         

  .المضادة للذھان لدى المرضى النفسیین الذین یعانون من متلازمة الذھان الخبیثة
   


