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Abstract
BACKGROUND: Schizophrenia is a severe mental disorder. Oxidative stress is one of the pathophysiologies or 
hypotheses of schizophrenia. Folic acid is a vitamin that plays a role in preventing oxidative stress. Oxidative stress 
will reduce antioxidant enzymes and worsen the symptoms of schizophrenia.

AIM: This study was to determine the effect of folic acid adjuvant therapy on Glutathione reductase levels and 
PANSS scores in chronic schizophrenic patients.

METHODS: The research design used was a double-blind randomized controlled trial with a pre-test and post-test 
design. In this study, there were 36 treatment patients and 36 control patients. Research subjects in the treatment 
group were given antipsychotic therapy and folic acid 2 mg, in the control group were given antipsychotic therapy and 
placebo. The study was conducted for 3 weeks during hospitalization. PANSS scores and GR levels (pg/ml) were 
measured on the first day and after the treatment was completed.

RESULTS: In this study, there was a significant increase in glutathione reductase levels in pre and post-test between 
the control group and the treatment group (p<0.001). There was a significant decrease in the total PANSS score on 
pre and post-test between the control group and the treatment group (p<0.001). There was a significant decrease 
in positive PANSS scores on pre and post-test between the control group and the treatment group (p=0.015). There 
was a significant decrease in negative PANSS scores on pre and post-test between the control group and the 
treatment group (p<0.001). There was a significant decrease in general PANSS scores on pre and post-test between 
the control group and the treatment group (p=0.029).

CONCLUSION: There is an effect of adjuvant folic acid in increasing Glutathione reductase levels and decreasing 
PANSS scores in chronic schizophrenic patients.
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Introduction

Schizophrenia is one of severe mental 
disorder. It is marked by psychiatric syndromes, such 
as positive, negative, and cognitive symptoms [1]. 
The 2018 Basic Health Research (Riskesdas) shows 
that the prevalence of schizophrenia in Indonesia is 
6.7/1,000 households [2].

Oxidative stress is involved in schizophrenia 
pathophysiology or hypotheses [3]. It is a condition that 
arises due to excessive free radicals formation, such as 
reactive oxygen species and reactive nitrogen species, 
causing an imbalance between the oxidation process 
and antioxidant availability [4]. Antioxidants take parts 
in balancing free radicals, leading to oxidative stress 
reduction and neuron damage prevention [5].

Glutathione (GSH) is the main antioxidant in the 
brain. It plays a major part in opposing oxidative stress. 
In its formation process, the glutathione reductase 
(GR) enzyme is needed [6]. In schizophrenic patients, 
the GSH level declines as much as 40% in the frontal 

cortex area and 35% in blood plasma [7], [8], [9]. Studies 
have found that the declined GSH level worsened the 
total Positive and Negative Symptom Scale (PANSS) 
score [10].

Folic acid is a vitamin that prevents the 
oxidative process through a one-carbon cycle of 
metabolism by preventing hyperhomocysteinemia, a 
condition that increases free radicals and decreases 
GSH levels  [7],  [8]. Therefore, folate deficiency 
has been identified as one of schizophrenia’s risk 
factors [11].

To sum up, hyperhomocysteinemia decreases 
the GSH and GR levels, which will worsen schizophrenia 
symptoms. On the other hand, folic acid plays a role 
in preventing hyperhomocysteinemia, which further 
leads to the GSH and GR levels improvement, and also 
schizophrenia symptoms as well [6], [9], [10]. Hence, 
in this study, we aim to determine the effectivity of folic 
acid as a therapy adjuvant on GR levels and PANSS 
score improvement in chronic schizophrenic patients.
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Methods

This study used a double-blinded study, 
using randomized controlled trial with a pre-test and 
post-test study design. It was conducted at Dr. Amino 
Gondohutomo Regional Mental Hospital Semarang. 
Blood samples for accessing the GSH level were 
examined at Central Laboratory, Diponegoro National 
Teaching Hospital, Semarang. Data collection was 
carried out from January 1 to March 30, 2021. This 
research had obtained ethical clearance from the 
Health Research Ethics Committee of Regional Mental 
Hospital Dr.  Amino Gondohutomo, Central Java 
Province. The ethical license number is No. 420/15161.

Research subjects were selected using the 
consecutive sampling method. They must meet the 
following inclusion criteria: Schizophrenic patients 
aged 21–50 years old, diagnosed by PPDGJ III, have 
suffered for at least 2 years, and are receiving standard 
hospital treatments (psychotropics with or without 
additional anticholinergics). Patients with a history of 
comorbid cardiac schizophrenia, hypertension, anemia, 
diabetes mellitus, cardiovascular disease, alcohol and 
substance abuse are excluded from the study. Patients 
who suddenly refuse to follow procedure (given 
adjuvant therapy or taking blood samples) and patients 
who went home at their request before the study ends 
are considered to have dropped out. After selection, 
the patient’s family is asked whether they are willing to 
participate in the study and sign the informed consent 
form.

At first, the subjects were asked for their 
demographic data. Then, after being randomized using 
the four-blocks randomization method, they are divided 
into two groups, namely, the control and the treatment 
group. On the 1  day of treatment, both groups were 
assessed using a PANSS score and had their serum 
GR level measured. GR serum was measured using 
Elabscience ELISA Kit. Catalog No. E-EL-H1339 96T. 
The control group received standard antipsychotics and 
a placebo for 3 weeks. The treatment group received 
standard antipsychotics and folic acid as adjuvants 
as much as 2 mg/day for 3 weeks. Both groups were 
monitored and evaluated for adjuvant side effects and 
clinical conditions daily. In the 3 week, all subjects were 
assessed for PANSS score and their serum GR level 
again.

Results

Demographic characteristics analysis

This study examines demographic variables, 
including age, gender, occupation, marital status, 

education, the length of illness, the genetic history 
of mental disorder in the family, body mass index, 
smoking, and the rate of hospital admission (s). A total 
number of 72 people were included in this study.

The differences in GR level between the 
control and the treatment groups

The differences in GR level values between the 
control and the treatment groups are shown in Table 1.

In this study, glutathione reductase levels 
before and after intervention were significantly 
increased (delta) in both control and treatment groups, 
with delta values as much as 901.67 ± 2169.73 and 
5507.61 ± 4944.30, respectively (significantly different, 
p < 0.001).

The differences in total PANSS score 
between the control and the treatment groups

The differences in total PANSS score between 
the control and the treatment groups are shown in 
Table 2.
Table 2: Differences in total PANSS score between the control 
and the treatment groups
Total PANSS Groups p‑value

Treatment Control
Pre‑test 83.86 ± 17.27 87.69 ± 14.71 0.314§

Post‑test 49.14 ± 11.02 64.08 ± 11.79 <0.001§*
Delta 34.72 ± 13.18 23.61 ± 9.56 <0.001§*
p (pre vs. post) <0.001* <0.001*
*Significant (p < 0.05); §Independent t; Paired t, PANSS: Positive and Negative Symptom Scale.

There is an improvement in the total PANSS 
score. The mean difference (delta) of the total PANSS 
score in the treatment group was −34.72 ± 13.18 and in 
the control group was −23.61 ± 9.56. Statistically, both 
showed a significant difference (p < 0.001).

The differences in positive symptoms 
of PANSS score between the control and the 
treatment groups

The difference in positive PANSS score 
between the control and the treatment groups is shown 
in Table 3.
Table 3: The difference in positive PANSS score between the 
control and the treatment groups
Positive PANSS Groups p‑value

Treatment Control
Pre‑test 22.94 ± 4.76 23.56 ± 4.74 0.587§

Post‑test 12.11 ± 2.96 15.03 ± 2.96 <0.001§*
Delta 10.83 ± 4.12 8.53 ± 3.74 0.015§*
p (pre vs. post) <0.001* <0.001*
*Significant (p < 0.05); §Independent t; Paired t, PANSS: Positive and Negative Symptom Scale.

Table 1: The differences in glutathione reductase level between 
the control and the treatment groups
Glutathione reductase (pg/ml) Groups p‑value

Control Treatment
Pre‑test 1385.69 ± 948.43 1212.14 ± 907,76 0.362‡

Post‑test 2287.36 ± 2455.50 6719.75 ± 4712,20 <0.001‡*
Delta 901.67 ± 2169.73 5507.61 ± 4944,30 <0.001‡*
p (pre vs. post) 0.078† <0.001†*
*Significant (p < 0.05); ‡Mann–Whitney; †Wilcoxon.
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There is an improvement in the positive PANSS 
score. The difference in the mean (delta) of the positive 
symptom PANSS score in the treatment was −10.83 ± 4.12 
and in the control group was −8.53 ± 3.74. Statistically, 
both showed a significant difference (p = 0.015).

The difference in negative symptoms 
of PANSS score between the control and the 
treatment groups

The difference in the negative PANSS score 
between the control and the treatment groups is shown 
in Table 4.
Table 4: Difference in the negative PANSS score between the 
control and the treatment groups
Negative PANSS Groups p‑value

Treatment Control
Pre‑test 19.28 ± 5.56 19.11 ± 6.48 0.907§
Post‑test 10.47 ± 3.65 14.89 ± 5.30 <0.001‡*
Delta −8.81 ± 3.91 4.22 ± 3.13 <0.001‡*
p (pre vs. post) <0.001†* <0.001*
*Significant (p < 0.05); §Independent t; ‡Mann–Whitney; Paired t; †Wilcoxon, PANSS: Positive and Negative 
Symptom Scale.

There is an improvement in the negative PANSS 
score. The difference in the mean (delta) of the negative 
symptom PANSS score in the treatment group was −8.81 ± 
3.91 and in the control group was −4.22 ± 3.13. Statistically, 
both showed a significant difference (p < 0.001).

The difference in general symptoms 
of PANSS score between the control and the 
treatment groups

The difference in general PANSS score 
between the control and the treatment groups is shown 
in Table 5.
Table 5: The difference in general PANSS score between the 
control and the treatment groups
General PANSS Groups p‑value

Treatment Control
Pre‑test 41.64 ± 11.33 45.03 ± 9.46 0.173§

Post‑test 26.56 ± 7.79 34.17 ± 6.78 <0.001§*
Delta 15.08 ± 9.42 10,86 ± 8.42 0.029‡*
P (pre vs. post) <0.001* <0.001*
*Significant (p < 0.05); §Independent t; ‡Mann–Whitney; Paired t, PANSS: Positive and Negative Symptom 
Scale.

There is an improvement in the general PANSS 
score. The difference in the mean (delta) of the general 
symptomatic PANSS score in the treatment group was 
15.08 ± 9.42 and in the control group was 10.86 ± 
8.42. Statistically, both showed significant differences 
(p = 0.029).

Discussion

The description of subjects’ demographic 
characteristics

In this study, the mean age of all subjects 
was 33.78 ± 7.70  years. This result is in accordance 

with epidemiological studies in schizophrenic patients, 
declaring that schizophrenia prevalence is high at 
the age range of 30–40  years old in both males and 
females [12]. The subjects in this study mainly were 
males (69.4%). This result is in line with previous 
epidemiological studies, showing that schizophrenia is 
more common in men [13], [14].

Most subjects were unemployed (61.1%). This 
result is in line with another study on 172 schizophrenic 
patients in Nigeria, where more people were unemployed 
(51.2%) [15]. Based on marital status, the majority of 
the research subjects were single (50%), and as many 
as 13.9% experienced a divorce. This result is similar 
to a study, finding that schizophrenia patients are more 
likely to be single [12]. In terms of education-level, 
research subjects mainly were junior high and high 
school graduates, as much as 31.9%. This result is in 
accordance with the previous studies [12], [16].

The average rate of hospital admissions in this 
study was 3.40 ± 1.96. This result is in conjunction with 
the previous studies, stating that the onset of illness is 
proportional to hospital admission rates [16]. The length 
of illness in this study was 2–21 years, with a mean value 
as much as 4.67 ± 2.97 years. Another study stated that 
earlier onset of the illness, meaning a longer duration of 
illness, the patient’s output will get decreased [17].

In genetic variables, most research subjects 
did not have a genetic history of mental disorders in the 
family (86.1%). This result is not in accordance with the 
previous research [18]. Most subjects had normal BMI, 
as much as 75%. This result is not in line with previous 
research, which states that schizophrenic women suffer 
more from obesity, which may be caused by long-term 
treatment with antipsychotics [18]. Most research 
subjects (69.4%) are smoking. One hypothesis is 
plausible to explain; it is that smoking can reduce the 
symptoms of schizophrenia [19].

Differences in glutathione reductase levels 
in schizophrenic patients

This study aligns with previous theory, 
proclaiming that folic acid supplementation as an 
adjuvant therapy helps in in GSH formation, especially 
in the one-carbon cycle. GSH is a key liver antioxidant 
and acts as a cellular redox buffer. Besides, GSH also 
functioned as a cofactor for GPx family of antioxidant 
enzymes. GPx enzymes degrade  H2O2 and alkyl 
hydroperoxides, yielding GSSG. This condition is 
also supported by another study, stating that there is 
a significant relationship between serum folic acid 
deficiency with lowered GR level, glutathione level, and 
an increase in homocysteinemia (HHcy) in patients with 
hypertension [20]. Another study, which was conducted 
on chronic schizophrenia patients, found a significant 
difference in terms of blood folic acid levels between 
the control group. This folic acid level increment was 
started at week 2 [21].
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The differences in total PANSS score 
before and after folic acid adjuvant therapy

The results of the study are in accordance with 
research conducted by Xueqin Song et al. (2014) which 
state that folic acid supplementation can significantly 
reduce the total PANSS score [22]. This result is also 
aligned with research, where a significant relationship was 
found between the declined level of the GSH enzyme, an 
antioxidant, in schizophrenic patients, and an increase 
in the total PANSS score [10]. This study supports the 
pathophysiology of antioxidant imbalance affecting the 
symptoms of schizophrenia. Folic acid can prevent 
hyperhomocysteinemia by converting homocysteine into 
methionine in the one-carbon cycle [23], [24]. 

The differences in positive PANSS score 
before and after folic acid adjuvant therapy

Another study supports the results of this study, 
stating that there is a significant relationship between 
decreased GSH antioxidant enzymes in schizophrenic 
patients with an increase in positive [10]. The role of 
antioxidants in positive symptoms of schizophrenia is 
shown through this mechanism, whereas the low level 
of glutathione in schizophrenic patients leads to GABA 
neurotransmitter dysfunction and NMDA receptors 
disturbance in the prefrontal cortex. Dysfunction of 
this neurotransmitter affects the feedback loop of the 
dopamine neurotransmitter. Positive symptoms in 
schizophrenic patients are assumed to be due to dopamine 
neurotransmitter escalation in the prefrontal cortex [25].

The differences in negative PANSS score 
before and after folic acid adjuvant therapy

The results of this study are in accordance with 
research conducted by Song et al., which state that 
folic acid supplementation can reduce negative PANSS 
scores [22].

Langbein et al. also supports this (2017), 
declaring that there is a significant relationship between 
decreased plasma GR levels and an increase in a 
negative PANSS score. This occurs because there is 
a decrease in gray matter density in the orbitofrontal 
cortex, a center for motivation, reward, and decision-
making in schizophrenic patients [26].

The differences in general PANSS score 
before and after folic acid adjuvant therapy

The present study results are supported by 
Roffman et al. (2017), who provided a L-methylfolate 
intervention for 12 weeks. This intervention was able to 
reduce the general PANSS score [27].

Conclusion

The use of folic acid as adjuvant therapy 
improves the psychiatric symptoms of chronic 
schizophrenic patients and increases serum GR 
levels. The demographic characteristics of chronic 
schizophrenic patients based on age, gender, 
occupation, marital status, education level, the length of 
illness, genetic history of mental disorder in the family, 
body mass index, smoking habit, and rate of hospital 
admissions are varied.

References

1.	 Stepnicki P, Magda Kondej M, Kaczor AA. Current concepts 
and treatments of schizophrenia. Molecules. 2018;23(8):1-29. 
https://doi.org/10.3390/molecules23082087

	 PMid:30127324
2.	 Kementrian Kesehatan Republik Indonesia. Persebaran 

prevalensi skizofrenia/psikosis di Indonesia. Available 
from: https://pusdatin.kemkes.go.id/download.
php%3Ffile%3Ddownload/pusdatin/infodatin/InfoDatin-
Kesehatan-Jiwa.pdf+&cd=5&hl=id&ct=clnk&gl=id [Last 
accessed on 2019 Oct 08].

3.	 Fung L, Hardan A. Oxidative Stress in Psychiatric Disorders. 
Berlin: Springer; 2019. p. 1-20.

4.	 Padmanabhan P. A  review on biochemical aspects of 
schizophrenia. Int J Cur Res Rev. 2017;9(21):1-4.

5.	 Emiliani FE, Sedlack TW, Sawa A. Oxidative stress and 
schizophrenia: Recent breakthroughs from an old story. Curr 
Opin Psychiatry. 2014;27(3):185-90. https://doi.org/10.1097/
YCO.0000000000000054

	 PMid:24613987
6.	 Gawryluk JW, Wang JF, Andreazza AC, Shao L, Young T. 

Decreased levels of glutathione, the major brain antioxidant, 
in post-mortem prefrontal cortex from patients with psychiatric 
disorders. Int J Neuropsychopharmacol. 2011;14(1):123-30. 
https://doi.org/10.1017/S1461145710000805

	 PMid:20633320
7.	 Wang D, Zhai JX, Liu DW. Serum folate levels in schizophrenia: 

A meta-analysis. J Psychiatry Res. 2015;235:83-9. https://doi.
org/10.1016/j.psychres.2015.11.045

	 PMid:26652840
8.	 Azzini E, Ruggeri S, Polito A. Homocysteine: Its possible 

emerging role in at-risk population groups. Int J Mol Sci. 
2020;21(4):1-27. https://doi.org/10.3390/ijms21041421

	 PMid:32093165
9.	 Koga M, Serritella AV, Sawa A, Sedlack TW. Implications 

for reactive oxygen species in schizophrenia pathogenesis. 
J  Schizophrenia Res. 2016;176(1):52-71. https://doi.
org/10.1016/j.schres.2015.06.022

	 PMid:26589391
10.	 Nucifora LG, Tanaka T, Hayes LN, Kim M, Lee BJ, Matsuda T, 

et al. Reduction of plasma glutathione in psychosis associated 
with schizophrenia and bipolar disorder in translational 
psychiatry. Transl Psychiatry. 2017;7(8):e1215. https://doi.
org/10.1038/tp.2017.178

	 PMid:28892069

https://oamjms.eu/index.php/mjms/index


� Jusup et al. Folic Acid as the Adjuvant Therapy for Chronic Schizophrenia

Open Access Maced J Med Sci. 2022 Mar 30; 10(T7):87-91.� 91

11.	 Sakuma K, Mastunaga S, Nomura I, Okuya M, Kishi T, Iwata N. 
Folic acid/methylfolate for the treatment of psychopathology 
in schizophrenia: A  systematic review and meta-analysis. 
J  Psychopharmacol. 2018;235(8):2303-14. https://doi.
org/10.1007/s00213-018-4926-4

	 PMid:29785555
12.	 Koujalgi SR, Patil SR. Comparison of demographic profile 

of patient with schizophrenia and depression. J  Sci Soc. 
2013;40:20-4.

13.	 Sommer IE, Tiihonen J, van Mourik A, Tanskanen A, Taipale H. 
The clinical course of schizophrenia in women and men, a 
nation-wide cohort study. NPJ Schizophr. 2020;6(1):12. https://
doi.org/10.1038/s41537-020-0102-z

	 PMid:32358572
14.	 Ochoa S, Usall J, Cobo J, Labad X, Kulkarni J. Gender 

differences in schizophrenia and first-  episode psychosis: 
A  comprehensive literature review. Schizophr Res Treatment. 
2012;2012:916198. https://doi.org/10.1155/2012/916198

	 PMid:22966451
15.	 Ezeme MS, Uwakwe R, Ndukuba AC, Igwe MN, Odinka PC, 

Amadi K, et al. Socio-demographic correlates of treatment 
response among patients with schizophrenia in a tertiary 
hospital in South-East Nigeria. Afri Health Sci. 2016;16(4):1036-
44. https://doi.org/10.4314/ahs.v16i4.21

	 PMid:28479897
16.	 Adebiyi MO, Mosaku SK, Irinoye OO, Oyelade OO. Socio-

demographic and clinical factors associated with relapse in 
mental illness. Int J Afr Nurs Sci. 2018;8:149-53.

17.	 Adi AC, Margono HM, Handajani R. Relationship between 
Duration of Illness and Onset with PANSS and Interleukin-6 in 
Schizophrenia. J Brain Res. 2019;2:109.

18.	 Susilowati N, Hanim D, Dewi YL. Body mass index of 
schizophrenic patients with combined antipsychotic therapy. Int 
J Nutr Sci. 2020;5(1):7-12.

19.	 Isuru A, Rajasuriya M. Tobacco smoking and schizophrenia: 
re-examining the evidence. BJPsych Adv. 2019;25:363-72.

20.	 Aleksandrovа LA, Subbotina TF, Zhloba AA. The relationship 
of folate deficiency, hyperhomocysteinemia and glutathione 
metabolism in hypertensive patients. Arterial Hypertens. 
2020;26(6):656-64.

21.	 Roffman JL, Lamberti JS, Achtyes E, Macklin EA, Galendez GC, 
Raeke LH, et al. Randomized multicenter investigation of 
Folate Plus Vitamin B12 supplementation in schizophrenia. 
JAMA Psychiatry. 2013;70(5):481-9. https://doi.org/10.1001/
jamapsychiatry.2013.900

	 PMid:23467813
22.	 Song X, Fan X, Li X, Kennedy D, Pang L, Quan M, et al. 

Serum levels of BDNF, folate and homocysteine: In relation to 
hippocampal volume and psychopathology in drug naïve, first 
episode schizophrenia. Schizophrenia Res. 2014;159(1):51-5. 
https://doi.org/10.1016/j.schres.2014.07.033

	 PMid:25128453
23.	 Moustafa AA, Hewedi D, Eissa AM, Frydecka D, Misiak B. 

Homocysteine levels in schizophrenia and affective disorders 
focus on cognition. Front Behav Neurosci. 2014;8:343. https://
doi.org/10.3389/fnbeh.2014.00343

	 PMid:25339876
24.	 Sugden C. One-carbon metabolism in psychiatric illness. 

Nutr Res Rev. 2006;19(1):117-36. https://doi.org/10.1079/
NRR2006119

	 PMid:19079880
25.	 Ermakov EA, Dmitrieva EM, Parshukova DA, Kazantseva DV, 

Vasilieva AR, Smirnova LP. Oxidative stress-related 
mechanisms in schizophrenia pathogenesis and new treatment 
perspectives. Oxid Med Cell Longev. 2021;2021:8881770. 
https://doi.org/10.1155/2021/8881770

	 PMid:33552387
26.	 Langbein K, Hesse J, Gussew A, Milleit B, Lavoie S, 

Amminger GP, et al. Disturbed glutathione antioxidative defense 
is associated with structural brain changes in neuroleptic-naïve 
first-episode psychosis patients. Prostaglandins, Leukotrienes 
Essent Fatty Acids. 2017;136:103-10. https://doi.org/10.1016/j.
plefa.2017.10.005

	 PMid:29111383
27.	 Roffman JL, Petruzzi LJ, Tanner AS, Brown HE, Eryilmaz E, 

Ho NF, et al. Biochemical, physiologic, and clinical effects of 
l-methylfolate in schizophrenia: A  randomized controlled trial. 
Mol Psychiatry. 2018;23(2):316-22. https://doi.org/10.1038/
mp.2017.41

	 PMid:28289280


