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Abstract
Rationale Alpha lipoic acid is known to reverse NMDA receptor hypofunction in addition to dopamine receptor blockade 
activity. It also enhances neurotrophic factors and has antioxidant potential. These properties combined together may be 
beneficial for treatment-resistant schizophrenia (TRS).
Objectives This study evaluates the effect of alpha lipoic acid (ALA) on psychopathological scores (positive, negative, 
cognitive), neurotrophic factors and oxidative stress in TRS.
Methods A pilot randomized double-blind placebo-controlled parallel design trial was conducted in 20 patients with TRS. 
After initial screening, participants were randomized into test (add-on ALA) and control (add-on placebo) groups. After 
recruitment, clinical evaluations with scale for assessment of positive symptoms and negative symptoms (SAPS and SANS), 
schizophrenia cognitive rating scale (SCoRS), UKU side effect rating scale were done. Serum levels of BDNF, MDA, 
and GSH were estimated. Patients were followed up for 8 weeks, and clinical and biochemical evaluations were repeated. 
Adherence to medication was evaluated at follow-up.
Results A significantly greater improvement was found in SANS score in the test group when compared to control (Mann–Whitney 
U = 17.0; p = 0.021), whereas there was no significant improvement in SAPS score (Mann–Whitney U = 41.5; p = 0.780). A 
significant increase in BDNF levels was observed in the control group when compared to ALA (U = 20.0; p = 0.041). No significant 
differences were found between the test and control groups in serum MDA (U = 30.0; p = 0.221), serum GSH (U = 40.0; p = 0.683), 
and medication adherence rating scale (MARS) scores (U = 44.0; p = 0.934).
Conclusions ALA supplementation improved psychopathology and decreased oxidative stress in patients with TRS. This 
study thus shows the potential of adjunctive ALA in TRS.
Trial registration The study was prospectively registered in Clinical Trial Registry of India (CTRI/2020/03/023707 dated 
02.03.2020).

Keywords Schizophrenia, Treatment-resistant · Alpha lipoic acid · Psychopathology · Oxidative stress markers

Chemical compound studied in this article Alpha lipoic acid 
(PubChem CID 864)

 * K. H. Reeta 
 reetakh@gmail.com

 Archana Mishra 
 archanapmv@gmail.com

 Sudhir Chandra Sarangi 
 scsarangi@gmail.com

 Rituparna Maiti 
 pharm_rituparna@aiimsbhubaneswar.edu.in

 Mamta Sood 
 soodmamta@gmail.com

1 Department of Pharmacology, All India Institute of Medical 
Sciences, New Delhi, India

2 Department of Pharmacology, All India Institute of Medical 
Sciences, Bhubaneswar, India

3 Department of Psychiatry, All India Institute of Medical 
Sciences, New Delhi, India

/ Published online: 7 September 2022

Psychopharmacology (2022) 239:3525–3535

http://orcid.org/0000-0001-8837-299X
http://orcid.org/0000-0002-3824-5498
http://orcid.org/0000-0002-3587-0968
http://orcid.org/0000-0003-4063-9178
http://crossmark.crossref.org/dialog/?doi=10.1007/s00213-022-06225-2&domain=pdf


1 3

Introduction

The prevalence of schizophrenia is 3.3 per 1000 population 
globally with approximately 21 million people affected by 
this mental disorder (Bhugra 2005). Antipsychotics are the 
mainstay of treatment of schizophrenia, with second-gen-
eration antipsychotics being the first choice. Treatment-
resistant schizophrenia (TRS) has been defined as patients 
who show symptoms despite at least two antipsychotic 
trials of adequate dose and duration and represents approx-
imately 30% of cases of people diagnosed with schizo-
phrenia (Correll et al. 2019; NICE 2014). Clozapine is the 
only FDA-approved agent indicated for TRS and only 60% 
of patients with TRS respond to clozapine (Bruton et al. 
2018; Pickar et al. 1992).

The neurobiology of TRS is complex and not fully 
understood till date. Understanding the neurobiology of 
the TRS is the need of the hour for optimizing the thera-
peutic regimen in such patients. A number of hypotheses 
have been put forth for explaining the symptomatology and 
nonresponse in patients, such as super sensitivity of dopa-
mine receptors, NMDA receptor hypofunction, inflamma-
tion, and dysregulated oxidative stress. Most of the time, 
these dysfunctional pathways converge to express refrac-
toriness to antipsychotics (Potkin et al. 2020). The role of 
oxidative stress has been widely implicated in treatment-
resistant cases compared to responders (Bitanihirwe and 
Woo 2011).

Alpha lipoic acid (ALA) is a naturally occurring anti-
oxidant that plays an important role in the functioning of 
enzymes involved in mitochondrial oxidative metabolism 
(Salehi et al. 2019). ALA and its reduced form are con-
sidered natural free radical scavengers and thus act as 
antioxidant and anti-inflammatory agents (Goraca et al. 
2011; Shay et al. 2009). ALA has also been reported to 
cause upregulation of NMDA receptors in addition to 
blockade of dopamine receptors (Molz and Schroder 
2017). Although ALA was historically used as a thera-
peutic option in the 1950s for psychiatric conditions, 
researchers could not find any mechanistic explanation 
for its effects (Altschule et al. 1959). Some investigators 
generated developmental interneurons from induced pluri-
potent cells derived from patients with schizophrenia and 
co-cultured them with activated microglia leading to mito-
chondrial dysfunction. ALA has been shown to reverse 
these dysfunctions (Ni et al. 2020; Park et al. 2020). Other 
researchers have demonstrated that ALA potentiated the 
effect of antipsychotics in animal models of schizophrenia 
(Deslauriers et al. 2014; Sampaio et al. 2017, 2018; Vas-
concelos et al. 2015).

The number of clinical studies exploring the effect of 
ALA on clinical symptoms in schizophrenia are limited. 

Moreover, even for studies conducted so far, there are vari-
ations in the dose and duration of treatment. Sanders et al. 
studied the effect of ALA in a dose of 100 mg in patients 
with schizophrenia and found a remarkable response in 
psychopathology, neurocognition, and alleviation of 
extrapyramidal symptoms (Sanders et al. 2017). Moreover, 
ALA supplementation has been shown to decrease lipid 
peroxidation in healthy controls but not in patients with 
schizophrenia (Vidovic et al. 2014). In a study by Emsley 
et al., omega-3 fatty acid and ALA were not found to be 
a suitable alternative for treatment of schizophrenia after 
antipsychotic discontinuation (Emsley et al. 2014). Thus, 
conflicting results have been observed regarding the effi-
cacy of ALA in different trial settings to date.

Schizophrenia has been one of the few medical condi-
tions that has been investigated with such vigor over the past 
century and still remains an unsolved puzzle for clinicians 
and researchers, with evolving theories that can neither be 
outwardly rejected nor unequivocally approved. Resistance 
to treatment, which has been defined differently in differ-
ent guidelines, and response only to 60% even to clozapine 
therapy, makes the picture grimmer. Despite undisputable 
superiority over other antipsychotics, 40–70% of patients 
with TRS on clozapine continue to have incomplete remission 
[< 20–30% reduction in BPRS (Baseline Brief Psychiatric Rat-
ing Scale) or PANSS score (Positive and Negative Syndrome 
Scale)] (Porcelli et al. 2012). Monitoring of patients for hema-
tological adverse events like agranulocytosis becomes manda-
tory with clozapine therapy. It has higher affinity for  M1,  H1, 
and α1-adrenergic receptors which leads to sedation, weight 
gain, and anticholinergic adverse effects. Metabolic adverse 
effects and sialorrhea are other adverse events associated with 
clozapine. A previous meta-analysis reported an improvement 
in schizophrenia symptoms and side effects of the antipsy-
chotic drug with ALA (de Sousa et al. 2019). Additionally, 
ALA has also been shown to improve adiponectin levels, pre-
vent weight gain or weight loss, and reverse metabolic risk 
factors in patients with schizophrenia (Kim et al. 2008, 2016; 
Ratliff et al. 2015; Vidovic et al. 2017). However, these studies 
did not show improvement in psychotic symptoms.

Reviewing the available literature and the mechanistic role 
of ALA, it appears to give some hope to patients with TRS. 
Therefore, this study was planned to generate some prelimi-
nary evidence for the effect of add-on ALA on psychopathol-
ogy, neurotrophic, and oxidative markers in patients with TRS.

Material and methods

Study design

The present study was a randomized, double-blind, placebo-
controlled, parallel design pilot trial which was conducted 
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in a single tertiary care centre at All India Institute of Medi-
cal Sciences (AIIMS), New Delhi, India. Written approval 
from Institute ethics committee (IECPG-674/19.12.2019, 
RT-04/30.01.2020) was obtained before commencement 
of the study. The study was carried out according to the 
ICMR’s ethical guidelines for biomedical research on human 
subjects (2017) and was prospectively registered in Clini-
cal Trial Registry of India (CTRI/2020/03/023707 dated 
02.03.2020). Written informed consent was obtained from 
participants before enrolment. In patients not able to provide 
consent due to the nature of their illness, informed consent 
was sought from the primary care giver of the patient and 
assent was taken from the patient.

Study population and eligibility

Patients aged 18–65  years, of either sex, attending the 
outpatient psychiatry department of AIIMS, New Delhi, 
India with schizophrenia diagnosis according to Diagnostic 
and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM 5) verified according to MINI version 7.0.2 by the 
clinician and who were resistant to treatment according to 
modified Kane’s criteria were screened for the study (Kane 
et al. 2019). Patients with stable dose of antipsychotics for 
4 weeks were enrolled. Patients with other major psychi-
atric co-morbidities that could confound the evaluation of 
biomarkers, including schizoaffective, mood disorders, and 
substance use dependence; severe neurological illnesses; 
significant intellectual disability and sensory impairment; 
and severe medical illnesses that prevent participation in 
the study were excluded. Pregnant and lactating women and 
those patients who were already on ALA or had received 
the same in past or who were not willing to give informed 
consent, were also excluded.

Randomization, blinding and allocation 
concealment

Randomization was done using computer generated random 
block randomization codes in an allocation ratio of 1:1 into 
add-on drug and add-on placebo groups by a third person, 
not involved in this study. Control group received placebo 
matched to ALA to rule out the psychobiogical effect due 
to administration of an add-on intervention. Allocation con-
cealment was achieved by labeling similar-looking opaque 
white containers of drug and placebo with consecutive 
numbers.

Study intervention(s)

Drug group received ALA 300 mg capsules and control 
group received placebo (matched for color, shape, and odor) 
for 8 weeks in addition to antipsychotics prescribed by the 

treating psychiatrist. Participants were advised to take the 
study intervention(s) at bedtime to ensure uniform intake. 
We used a dose of 300 mg as ALA is known to affect patho-
physiological systems in a dose-dependent manner and a 
dose of 300 mg is reported to be well tolerated (Mahmoudin-
ezhad and Farhangi 2021). From the literature, a dose of 
300 mg of ALA is known to reverse dysfunctional oxidative 
states as well as depressive symptoms in patients with vari-
ous health conditions (Mandani et al. 2021; Rezaei Kelishadi 
et al. 2021).

Study procedure and data collection

Patients with diagnosis of TRS were screened and recruited 
following inclusion and exclusion criteria. After enrolment, 
detailed history was taken and clinical evaluations were 
done. Psychopathological evaluation for positive, nega-
tive, and cognitive symptoms was performed in patients by 
investigators using the scale for the assessment of positive 
symptoms (SAPS), the scale for the assessment of negative 
symptoms (SANS), and the schizophrenia cognition rating 
scale (SCoRS), respectively. Blood samples were collected 
for the evaluation of serum concentrations of brain-derived 
neurotrophic factor (BDNF), malondialdehyde (MDA), and 
reduced glutathione (GSH). Udvalg for Kliniske Under-
søgelse (UKU) side effects rating scale for the registration 
of unwanted effects of psychotropics was used for evaluation 
of adverse effects. All patients were followed up and all the 
clinical and biochemical assessments were repeated at the 
end of 8 weeks. Compliance with treatment was assessed 
with the help of the medication adherence rating scale at 
the end of 8 weeks.

Outcome measures

The effect of ALA on patients with TRS was assessed by 
SAPS and SANS score for evaluation of change in psycho-
pathology of the disease as primary outcome measure. Apart 
from this, SCoRS for cognitive improvement and UKU side 
effect rating scale for registration of unwanted effects of psy-
chotropics was used for evaluation of adverse effects as sec-
ondary outcome. In addition to clinical outcome measures, 
serum BDNF, MDA, GSH were estimated and medication 
adherence rating scale was administered.

Efficacy assessment

Clinical outcome measures

The evaluation of psychopathology as assessed by the 
change in positive and negative symptoms in patients was 
the primary outcome measure of the study. SAPS and SANS 
were used to measure the severity of symptoms (Andreasen 
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et al. 1991). A composite score for SAPS (0–170) and SANS 
(0–125) was calculated separately along with domain-spe-
cific scores. A schizophrenia cognition rating scale was used 
to assess cognition deficits and their impact on the normal 
functioning of patients (Keefe et  al. 2006). Medication 
adherence rating scale (MARS) was used to capture “medi-
cation adherence behavior” (items 1–4), “attitude toward 
taking medication” (items 5–8), and “negative side effects 
and attitudes towards psychotropic medications” (items 9, 
10) (Thompson et al. 2000).

Biochemical outcome measures

Serum BDNF, malondialdehyde (MDA), and reduced glu-
tathione (GSH) levels estimation: 5 ml of venous blood was 
collected and allowed to clot by leaving it undisturbed at 
room temperature. The clotted blood was then centrifuged, 
serum was separated, collected in microcentrifuge tubes, 
and stored in a − 20  °C refrigerator. Serum BDNF was 
estimated by ELISA using commercially available human 
BDNF ELISA kits from (Cloude-clone Corp., USA) based 
on standard sandwich enzyme-linked immunosorbent assay 
technology. Estimations for serum MDA and GSH were 
made using spectrophotometer using commercially available 
kit (Cayman Chemical, USA). All standards and samples 
were estimated in duplicate. The average of the two values 
was taken for further analysis.

Safety assessment

Patients had free access to investigators for reporting of any 
adverse events anytime during the study. Adverse events 
were studied with the help of UKU side effect rating scale at 
baseline and after 8 weeks of study (Lingjaerde et al. 1987).

Statistical analysis

Continuous variables were represented as median (range) 
and categorical variables as percentage. Comparison of 
medians of continuous variables (non-parametric) was done 
using a two-sided Mann–Whitney U test for in between 
group comparisons and Wilcoxon signed rank test in case 
of within group comparisons. The Chi-square test/Fisher’s 
exact test was used for categorical variables. Statistical 
analyses were performed using statistical software 
SPSS 23.0 (IBM, NY USA) considering a significance 
level of p < 0.05. A receiver operating characteristics 
(ROC) analysis was performed to obtain cut-off value of 
serum MDA levels at baseline to differentiate between 
responders and non-responders as determined by changes 
in psychopathology. The R software package “pROC” was 
used for ROC analysis.

Sample size

Due to time-bound nature of this study and containment 
strategies imposed due to COVID-19, this study was con-
ducted in only twenty patients with treatment-resistant 
schizophrenia for obtaining a preliminary idea about the 
effect of alpha lipoic acid in patients with treatment-resist-
ant schizophrenia.

Results

Patients

The screening of participants was started in March 2020 
but first participant was recruited in October 2020. The 
follow-up of the participants ended in November 2021. 
Of the 39 patients selected, 17 patients did not meet the 
inclusion criteria and 02 (two) participants declined to 
participate. A total of 20 participants were recruited for 
the study. All participants met modified Kane’s criteria. 
After recruitment, the participants were randomized to 
add-on alpha lipoic acid group and add-on placebo group. 
Each group had 10 participants.

One participant discontinued treatment and follow-up 
data was not taken for noncompliance. The CONSORT 
flow chart for the study is given in Fig. 1. No statisti-
cally significant difference was found between the groups 
at baseline. Therefore, at recruitment, the characteristics 
of the patients were homogeneous. The mean age of par-
ticipants in the study was 36 years and male:female ratio 
was 60:40. The baseline characteristics of the participants 
across the groups is depicted in Table 1.

Outcome measures

Change in psychopathology scores

The median total SAPS scores decreased from 60.5 to 56.0 
in the placebo group and from 61.50 to 56.0 in the ALA 
group. Wilcoxon signed rank test was carried out and there 
was a statistically significant decrease in scores in both 
groups. The change in scores in placebo over ALA group 
was not statistically significant (p = 0.780) (Table 2). The 
median total SANS scores significantly decreased from 
63.5 to 57.0 in add-on placebo group (p = 0.007). The 
scores decreased to 48.0 from a baseline value of 60.50 
in the ALA group, which was statistically significant 
(p = 0.005). The median change of the ALA group over 
the placebo group was found to be statistically significant 
(U = 17.0; z =  − 2.307; p = 0.021) (Table 2).
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Change in cognitive functions

There was no significant difference between placebo and the 
ALA groups in scores of cognitive functions. The correlation 
between self-reported scores by patient, informant, and 
interviewer was strong. The scores between patient and 
informant as well as patient and interviewer are correlated 
significantly (Tau = 0.793; p < 0.001). Scores between 
informant and interviewer show a near perfect correlation 
(Tau = 0.995; p < 0.001). There was no significant difference 
between placebo and ALA as determined by the global rating 
given by the interviewer. There was no change in cognitive 
function at follow-up.

Change in serum BDNF levels

The median BDNF levels increased from 5.06 to 5.50 ng/mL 
in add-on placebo group and 5.99 to 6.0 ng/mL in add-on ALA 
group, which were not significant statistically. The change 
in score in placebo group over ALA group was statistically 
significant (p = 0.041) (Table 2).

Change in oxidative stress markers

The median serum MDA increased from 4.45 to 4.58 μM 
/L in add-on placebo group, which was not found to be 
statistically significant (p = 0.214). The scores decreased 

Fig. 1  CONSORT flow diagram
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to 5.65 μM /L from a baseline value of 5.72 μM/L in the 
ALA group which was statistically significant (p = 0.037). 
The change in ALA group over placebo group was not 
found to be statistically significant (U = 30.0; p = 0.021) 
(Table 2). The median serum GSH increased from 34.76 to 
38.43 μM/L in add-on placebo group which was not found to 
be statistically significant (p = 0.314). The scores increased 
to 35.59 μM/L from a baseline value of 32.49 μM/L in ALA 
group which not was statistically significant (p = 0.285). The 
change in ALA group over placebo group was not found 
to be statistically significant U = 40.0; p = 0.683) (Table 2).

Change in UKU side effect rating scale

All participants included in the study suffered at least one 
adverse event in the psychic domain at baseline. Fifty 
percent of the participants in the ALA group and 60% in 
the placebo group suffered from at least one adverse event 
in the neurologic domain. Nine out of 10 in the ALA group 
and eight out of 10 in the placebo group suffered from at 
least one adverse event in the autonomic domain. For 

other adverse events, 7 participants out of 10 in each group 
experienced at least one out of those listed in the scale. The 
most common adverse effects experienced by patients were 
sleep disturbances, rigidity, gastrointestinal disturbances 
(constipation), weight gain, and headache. The severity of 
adverse events was mild in most patients and moderate in 
some. No action or frequent monitoring was required for 
the participants. No stopping the drug or dose changes was 
advised to any of the participants. There was no change in 
the occurrence of adverse event at follow-up visit.

Medication adherence rating scale

The median adherence score to the medication in the 
placebo group was not significantly different from that of 
the ALA group (p = 0.934). The scores were classified into 
low adherence and high adherence, based on scores of < 7 
and ≥ 8, respectively. There was no statistically significant 
difference in the degree of treatment adherence between the 
two study groups on Fischer’s exact test.

Table 1  Baseline characteristics

BDNF, brain-derived neurotrophic factor; MDA, malondialdehyde; GSH, reduced glutathione; SAPS, scale for the assessment of positive symptoms; 
SANS, scale for the assessment of negative symptoms; SCoRS, schizophrenia cognition rating scale; UKU, Udvalg for Kliniske Undersøgelse
$ Independent sample t-test (data in mean ± SD); #Mann–Whitney U test (data in median and range); aFischer exact test

Parameter Placebo group Alpha lipoic acid group P value

Number recruited 10 10
Age (years) 34.60 ± 7.94 37.40 ± 12.81 0.564$

Sex (male: female) 4:6 8:2 0.170a

Marital status
(Never married: married: separated: divorced)

8:1:0:1 8:1:1:0 0.428 a

Education
(Matric: intermediate: graduate: post-graduate: professional)

1:1:7: 0:1 1:2:5: 2:0 0.657 a

Occupation
(professional: unemployed: housewife: retired: student: business: not known)

0:7:1: 0:2:0:0 1:5:0: 1:1:1:1 0.342 a

Monthly income (in Rupees)
(< 5000: 5000–10,000: 10,000–15,000: 15,000–20,000: > 20,000)

10:0:0:0 7:0:0:03 0.211 a

Employment
(employed: unemployed)

2:8 1:9 0.528 a

Age of illness onset (years) 21.50 ± 8.37 21.20 ± 3.26 0.917$

Total duration of illness (years) 13.40 ± 6.85 15.80 ± 8.11 0.484$

SAPS 60.5 (9 to 79) 61.50 (37 to 89) 0.850#

SANS 63.5 (40 to 91) 60.5 (32 to 67) 0.405#

SCoRS_Patient 39 (29 to 62) 41 (30 to 61) 0.971#

SCoRS_Informant 42 (33 to 64) 43 (33 to 64) 0.796#

SCoRS_Interviewer 42 (33 to 64) 42.5 (29 to 64) 0.853#

SCoRS_Global Assessment 5.5 (4 to 8) 6 (4 to 8) 0.853#

Serum BDNF (ng/mL) 5.06 (2.30 to 7.29) 5.99 (2.48 to 8.41) 0.406#

Serum MDA (μΜ/L) 4.45 (2.31 to 7.56) 5.72 (1.97 to 7.24) 0.257#

Serum GSH (μΜ/L) 34.76 (31.19 to 47.04) 32.49 (10.81 to 56.66) 0.597#
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Response rate

Response is defined at ≥ 20% decrease in either SAPS or 
SANS scores for a participant. Five out of 10 participants 
achieved response in ALA group when evaluated on SANS 
scale, whereas none of the participants in placebo group 
achieved response. A 2 × 2 contingency table was made and 
a Fischer exact test was performed. There was a significant 
statistical difference between the groups in terms of respond-
ers to the study medication (Fischer exact value = 6.107; 
p = 0.033).

ROC analysis

ROC curve analysis was performed to illustrate the diag-
nostic ability for responders and non-responders as the dis-
crimination threshold of baseline serum MDA levels was 
varied. The area under the curve was 0.786 for a threshold 
serum MDA level of 5.159 μΜ/L to differentiate responders 
from non-responders. This threshold value has a sensitivity 
of 100% and specificity of 54.17% (Fig. 2).

Discussion

Patients with TRS have an early age of onset, altered lev-
els of oxidative stress markers, and differential expression 
of serotonergic and dopaminergic pathways and receptors, 
which are different from treatment-responsive patients. The 
present study reported an improvement in negative symp-
toms in TRS patients with add-on ALA. Given the response 
criteria of > 20% improvement, a significantly higher number 
of participants achieved response with ALA when compared 
to placebo. There was an increasing trend in serum BDNF 
but add-on placebo had better effect when compared with 
ALA, though change in neither of the groups was significant 

individually. The addition of ALA significantly decreased 
lipid peroxidation as measured by serum MDA, but the 
increase in reduced glutathione was not significant. The 
improvement in psychopathology from baseline was signifi-
cant for both groups due to the antipsychotics administered 
to all study participants. This effect was further enhanced by 
the addition of ALA in the test group for negative symptoms.

Iasevoli et al. (Iasevoli et al. 2021) studied relationship 
between age at onset and treatment refractoriness and con-
cluded that treatment-resistant status can be strongly linked 
to early age of onset of psychotic symptoms. This finding of 
an earlier age of onset is consistent with the findings of our 
study. ALA has historically been used for psychiatric therapy 
before antipsychotics became popular (Altschule et al. 1959; 
Giamattei 1957). Our study has shown results similar to stud-
ies conducted seven decades earlier, wherein almost half of 
the patients with ALA showed improvement at lower doses. 
However, further studies with higher doses of ALA did have 
a beneficial effect on metabolic factors but did not affect psy-
chopathology of patients. ALA combined with omega-3-fatty 
acids did not prevent relapse nor decreased severity of symp-
toms in schizophrenics, but it is noteworthy here that investiga-
tors followed the antipsychotic discontinuation design (Emsley 
et al. 2014). Antipsychotic discontinuation has already been 
reported to precipitate dysfunctional dopamine autoregula-
tion or dopaminergic super sensitivity, and therefore psychotic 
relapse (Kim et al. 2021; Samaha et al. 2007). Thus, ALA 
cannot be used as monotherapy for maintenance in schizo-
phrenia patients. Similar was the case with other studies where 
1200 mg or more of ALA did not show any improvement in 
symptoms of schizophrenia, though it neutralized the effect 
of atypical antipsychotic-induced weight gain in other studies 
(Kim et al. 2016; Ratliff et al. 2015). A possible explanation of 
this effect may be that at higher doses of ALA, thiamine stores 
are depleted and thiamine deficiency is aggravated, resulting in 
further worsening of psychosis. But, recently, in a pilot study 

Fig. 2  ROC analysis. The area 
under the curve is 0.786 for a 
threshold serum MDA level 
of 5.159 μΜ/L to differentiate 
responders from non-respond-
ers. This threshold value has a 
sensitivity of 100% and specific-
ity of 54.17%
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by Sanders et al. (Sanders et al. 2017) add-on ALA 100 mg has 
been shown to possess beneficial effect on psychopathology, 
oxidative stress parameters, and ameliorated adverse events.

Our study findings follow similar trend, though study 
population in the above study was not restricted to treatment-
resistant cases as in our study. ALA has been observed to 
have more than one mechanism to alleviate the symptoms of 
schizophrenia. Like other antipsychotics, ALA has dopamine 
receptor blockade activity. Additionally, it also helps in revers-
ing the NMDA receptor hypofunction (Stoll et al. 1993; Tang 
and Aizenman 1993). ALA is an antioxidant, inhibits forma-
tion or scavenges free radicals and lipid peroxidation products 
and enhances neurotrophic factors (Packer et al. 1995; Rezaei 
Zonooz et al. 2021). Oxidative stress and NMDA receptor 
hypofunction is known to give rise to negative symptoms and 
cognitive impairment predominantly and positive symptoms 
to a certain extent in TRS. Thus, ALA has been shown to 
potentiate the effect of antipsychotics in patients with TRS by 
modulating dysfunctional pathobiological targets. Mechanisti-
cally, ALA exerts an additive effect on antipsychotic drugs by 
activation of Akt/GSK-3β pathway of dopamine receptor acti-
vation through β-arrestin (Deslauriers et al. 2013). It further 
activates the mTOR pathway which potentiates neurorestora-
tive functions. ALA is well known to decrease lipid peroxida-
tion and reverse neurological and metabolic adverse effects of 
antipsychotic drugs (Thaakur and Himabindhu 2009).

The limitations of this study were inability to recruit large 
numbers of participants due to the pandemic-induced restric-
tions and the time-bound nature of this investigation. The 
duration of follow-up in the study was short and the evalu-
ation of changes in cognitive symptoms and adverse effects 
reported in the literature could not be confirmed in this 
study. As the study was conducted in a tertiary care centre, 
there is a high probability of referral bias in the study and the 
study results may not be generalizable. Meanwhile, subjects 
were allowed to take concomitant antipsychotics if the dose 
has been stabilized for 4 weeks prior to the enrolment. It 
may be assumed that the types and dosage of these concomi-
tant antipsychotics may have clinically significant impact 
on the outcome measurements for more than 4 weeks after 
their dose modification. But the study being randomized and 
evaluation against a placebo-controlled group could have 
balanced this effect.

The addition of ALA showed a trend of improvement in 
psychopathology, neurotrophic factors, and oxidative stress 
parameters.

Conclusion

In conclusion, ALA showed improvement on the psycho-
pathology and decreased lipid peroxidation in patients with 
TRS. A multicentric, randomized trial with a larger sample 

size and longer duration is advocated for the evaluation of 
the true intervention effect of adjunctive ALA in TRS.
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