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Abstract
BACKGROUND: Schizophrenia with a global prevalence of 0.33–0.75% and one of the top 15 causes of disability. 
The etiology underlying this disease is still controversial. One of the causes is the Vulnerability Stress-Schizophrenia 
Inflammatory Model which shows an increase in pro-inflammatory cytokines, one of which is Interleukin-6 (IL-6).

AIM: It is hoped that through the adjuvant anti-inflammatory effect of black seed or Nigella sativa can improve the 
clinical symptoms of schizophrenia and reduce levels of Serum IL-6 as a marker of therapeutic efficacy, as well as 
observing the effect of treatment on liver function.

METHODS: The present study was conducted 22 schizophrenic patients hospitalized at the psychiatric hospital 
(Rumah Sakit Khusus Daerah) of South Sulawesi aged 20–45 years and received risperidone 4 mg/day therapy. 
Patients were divided into two groups, the control and treatment groups received N. sativa 1000 mg/d for 4 weeks. 
Each group was measured for baseline and week 4 clinical symptoms of schizophrenia with Positive and Negative 
Symptom of Schizophrenia (PANSS) and serum IL-6 levels. The analysis also measured serum IL-6 levels in 14 
healthy people by assessing the side effects of N. sativa adjuvants by measuring liver function enzymes of Serum 
Glutamic Oxaloacetic Transaminase (SGOT) and Serum Glutamic Pyruvic Transaminase (SGPT).

RESULTS: Serum IL-6 levels of schizophrenic patients were higher than healthy controls. Administration of adjuvant 
N. sativa 1000 mg for 4 weeks significantly p < 0.001 improved PANSS value, decreased serum IL-6 levels 2.5 times 
faster in the treatment group and did not give a significant change in SGOT and SGPT values.

CONCLUSION: This study suggests that N. sativa may consider as an adjuvant therapy to improve clinical symptoms 
of schizophrenia and reduce levels of IL-6 was faster than control group and is safe for liver function.
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Introduction

Schizophrenia can be understood as a 
neurodevelopmental disorder with onset usually 
in early adulthood [1]. A complex multidimensional 
syndrome characterized by positive symptoms 
(e.g., delusions and hallucinations), negative 
symptoms (e.g., motivational disturbances), affective 
dysregulation (e.g., depression, mania, or anxiety), and 
cognitive changes [2]. Schizophrenia is a multisystem 
disorder with a global prevalence of 0.33–0.75% and 
is one of the top 15 causes of disability. The etiology 
underlying the disease is still controversial and not 
fully understood [3].

Abnormal activation of the immune system 
over the years has been associated with schizophrenia. 
Inflammation may play a role in the pathogenesis of 
psychosis, based on the presence of immunological 
anomalies in schizophrenia through innate and acquired 
immune responses, and the consequent increase in 
specific cytokines and inflammatory mediators such 
as Interleukin (IL)-6 and CRP [2]. High levels of pro-
inflammatory substances such as cytokines are found 
in the blood and cerebrospinal fluid of schizophrenic 

patients. Further, the inflammatory hypothesis stems 
from the therapeutic benefits of anti-inflammatory drugs. 
Meta-analyses have demonstrated a beneficial effect 
of celecoxib and aspirin in schizophrenia. In addition, 
the anti-inflammatory and immunomodulatory effects of 
antipsychotics have been known for a long time [4].

Nigella sativa (black seed or black cumin), 
is an annual plant with many pharmacological 
properties. The use of N. sativa seeds and oil in 
traditional medicine has been used for more than 
2000 years [5]. N. sativa has the most important 
active components, namely Thymoquinone (TQ) [6]. 
In the field of neuropsychiatry, it has been shown that 
N. sativa modulates mood, anxiety, and cognition in 
healthy young men [7]. N. sativa prevents depressive 
behavior in LPS-induced mice [8]. N. sativa is 
neuroprotective [9], [10], [11], nephroprotective [12], 
and hepatoprotective [13] in several animal studies. 
In a study of forty elderly N. sativa can improve 
memory, attention and cognition [14]. According to one 
study TQ reduces neutrophil accumulation, inhibits 
polymorphonuclear function in vitro and in vivo. In 
addition, it can inhibit inflammatory cytokines such as 
IL-1 and IL-6. TQ exerts anti-inflammatory properties 
by inhibiting their production [6].
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Effects of TQ on hippocampal cytokine levels, 
oxidative stress, and cognitive memory impairments in rats 
produced by lipopolysaccharide (LPS). Protects against 
oxidative injury, antioxidant, anti-inflammatory, and acetyl 
cholinesterase inhibitory activities can induce memory 
impairment. As a result, study discovered that TQ boosts 
its anti-inflammatory and neuroprotective properties. 
N. sativa and TQ have traditionally and experimentally 
been used to treat a variety of degenerative disorders, 
including Parkinson’s, Alzheimer’s, and schizophrenia. 
TQ appears to improve learning and reduce LPS-induced 
memory impairment in mice, according to the findings of 
this study by reducing hippocampus cytokine levels and 
brain tissue oxidative damage [15].

TQ is an antioxidant phytochemical that has 
been found to reduce inflammation in the nervous system. 
TQ inhibited NF-B-dependent neuroinflammation in BV2 
microglia by targeting an antioxidant pathway involving 
activation of nuclear erythroid 2 related factor 2/antioxidant 
response element, possibly leading to inhibitory 
neuroinflammation mediated by NF-B, according to one 
study. TQ reduced TNF, IL-6, and IL-1 mRNA levels in 
LPS-activated mice’s primary microglia [16].

Another study evaluated at the anti-
inflammatory effects of TQ in BV-2 murine microglial 
cells treated with LPS. TQ efficiently lowered NO2 with 
an IC50 of 5.04 μM when compared to the specific iNOS 
inhibitor LNIL-L-N6-(1-iminoethyl) lysine, according to 
the findings (IC50 4.09 μM). Using the rayBio antibody 
protein array AAM-CYT-3 and 4 cytokines, the anti-
inflammatory effect of TQ ninety-six (96) cytokines 
was also assessed. BV-2 cells generated a substantial 
increase in specific pro-inflammatory cytokines such 
as the chemokines IL-6, IL-12p40/70, CCL12/MCP-5, 
CCL2/MCP-1, and G-CSF in the presence of LPS 
(1 g/ml), which was decreased by the addition of TQ 
(10 μM) [9].

Effects of N. sativa supplementation on 
inflammation and oxidative stress as indicators in a 
systematic review and meta-analysis of controlled 
clinical trials showed a significant reduction in CRP 
concentrations [17]. In addition, research on sepsis-
affected mice found that TQ has an active inflammatory 
response in relation to early-stage biomarkers and can 
detect sepsis-related mortality. The information presented 
here indicates that TQ has the potential to be a therapeutic 
value in the treatment of sepsis. TQ 1 mg/kg i.p. post-
dose infection aided significant inhibition of the levels of 
cytokines, namely TNF-, IL-1, IL-2, IL-6, and IL-10 [18].

In a systematic review and meta-analysis 
of controlled clinical studies, the effects of N. sativa 
supplementation on inflammation and oxidative stress 
as markers revealed a considerable reduction in CRP 
concentrations [17]. (Mohit et al., 2020) Furthermore, 
studies on sepsis-affected mice have discovered that 
TQ has an active inflammatory response in relation to 
early-stage indicators and can detect sepsis-related 
death. According to the information presented here, TQ 

may have therapeutic utility in the treatment of sepsis. 
TNF-, IL-1, IL-2, IL-6, and IL-10 levels were significantly 
reduced by TQ 1 mg/kg i.p. after a dose of infection [18].

The pharmacological effect of crude 
N. sativa extract (and some of its active constituents, 
e.g., essential oil and TQ) is protection against 
nephrotoxicity and hepatotoxicity caused by disease 
or chemicals. The seeds/oil have anti-inflammatory, 
analgesic, antipyretic, antimicrobial, and antineoplastic 
activities. The oil lowers blood pressure and improves 
breathing. Treatment of mice with N. sativa extract for 
up to 12 weeks has been reported to cause changes 
in hemograms that increase packed cell volume and 
hemoglobin, and decrease plasma concentrations 
of cholesterol, triglycerides, and glucose. Seeds are 
characterized by a very low level of toxicity. Two cases 
of contact dermatitis in two persons have been reported 
following topical use. Administration of the seed extract 
or its oil has been shown to not cause significant side 
effects on liver or kidney function. The beneficial effects 
of the use of whole grains and TQ are related to their 
cytoprotective and antioxidant actions, and their effects 
on several mediators of inflammation [19]. In one study, 
N. sativa up to 1 g kg 1 was added for 28 days, resulting 
in no change in liver enzyme levels and no toxic effect 
on liver function [20]. In addition, the toxicity of NSFO in 
mice and rats was tested, through LD50 assessment and 
examination of possible biochemical, hematological and 
histopathological changes. No changes were observed 
in the levels of major liver enzymes, including aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT), and GGT and histopathological modifications 
(heart, liver, kidney, and pancreas) in mice [21].

According to one study, co-administration 
of TQ or TQ-containing compounds with medicines 
metabolized by CYP enzymes, specifically CYP2C9, 
may cause a pharmacological interaction. In human liver 
microsomes, the effects of TQ on the metabolic activity 
of four key drug-metabolizing enzymes: Cytochrome 
P450 (CYP) 1A2, CYP2C9, CYP2D6, and CYP3A4. 
TQ inhibits CYP enzyme activity by incubating usual 
substrates with it (phenacetin for CYP1A2, tolbutamide 
for CYP2C9, dextromethorphan for CYP2D6, and 
testosterone for CYP3A4) [22]. The extract of N. 
sativa inhibits cytochrome P-450 3A4, 2C9, 3A5, and 
3A7 in humans through cDNA-mediated inhibition of 
cytochrome P-450 3A4, 2C9, 3A5, and 3A7, which can 
impact and/or decrease the metabolism of numerous 
medications, according to in vitro investigations. Both 
methanol extract and Nigella hexane considerably 
boosted amoxicillin permeability in vitro (p 0.001) 
as compared to controls. At the same dose level, 
permeation was found to be substantially higher for the 
hexane extract (p 0.001) than for the methanol extract 
(p 0.001). In both in vivo and in vitro experiments, Nigella 
boosted amoxicillin levels [23]. Hence, it is necessary to 
pay attention to its long-term effect on the metabolism 
of risperidone in the liver which is inhibited by TQ.
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There is one study looking at the role of TQ on 
day 28 after administration of TQ (20 mg/kg, i.p.) alone 
or in combination compared to control, it can reduce 
dopamine (DA) levels in experimental animals through 
induction of apomorphine and scopolamine [24]. In a 
preliminary study conducted in 2020 regarding N. sativa 
as an adjuvant therapy that improves clinical, cognitive, 
and extrapyramidal symptoms in schizophrenic patients 
receiving risperidone therapy in 20 research subjects, 
where clinical symptom improvement was significant 
with the administration of 1000 mg N. sativa through 
Positive and Negative Syndrome Scale (PANSS) for 
schizophrenia assesment which was expected can 
reduce length of stay. There has never been a study to 
improve symptoms of schizophrenia by administering 
N. sativa as adjuvant to schizophrenia patients by 
measuring changes in IL-6 cytokine levels as a marker 
of therapeutic effectiveness.

Methods

Sample

This research is an experimental research 
that was conducted at the Regional Special Hospital of 
South Sulawesi Province in March to May 2021. The 
population in this study were all new schizophrenic 
patients who were hospitalized at the Regional Special 
Hospital of South Sulawesi Province for the period of 
March to May 2021 who met the inclusion criteria.

Inclusion criteria, in this study, namely, 
patients aged 20–45 years who met the criteria for 
schizophrenia according to PPDGJ III, new or recurring 
schizophrenic patients with acute exacerbations 
of at least a PANSS value of 100, who received the 
antipsychotic drug risperidone 2–4 mg tablets/day. 
Exclusion criteria for patients suffering from general 
medical disorders, pregnancy, and a history of being 
using anti-inflammatory drugs and antibiotics. Samples 
were dropped out when they returned home at the 
request of themselves or their families before the study 
was completed or died.

Procedure

Every patient who met the criteria for 
schizophrenia according to PPDGJ III who matched the 
inclusion and exclusion criteria in the study group was 
recorded and a history of past disease was analyzed. 
The researcher then explained to the family and research 
subjects the aims and objectives of the study. If agreed, 
the subject will be included in the research. Subjects were 
divided into two groups, namely, the control group which 
was treated only risperidone and the group treated with 
risperidone accompanied by giving N. sativa. The PANSS 

score and serum IL-6 levels were determined in both 
groups at baseline before giving N. sativa 1000 mg/day 
and 4 weeks later. Giving N. sativa by called one by 
one before lunch by the nurse to immediately take the 
N. sativa capsules that had been given. Risperidone 
2 mg is given twice in the morning and evening in the 
same manner as for N. sativa. The measurement of the 
PANSS value is based on interviews with patients and 
nurse observations. In addition, assessing body mass 
index (BMI), taking blood for examination of IL-6 and 
liver function in the treatment group. Then perform data 
analysis to determine differences in PANSS values   and 
serum IL-6 levels at week 0 and week 4. Healthy control 
hired by interviews of people who did not have severe 
mental disorders according to the PPDGJ III diagnostic 
criteria. Not suffering from illness, fever, and taking 
anti-inflammatory drugs, antibiotics, antioxidants, and 
psychotropics age range 30–40 years.

IL-6 serum

3 cc of venous blood was taken using the 
phlebotomy technique and centrifuged to obtain serum 
fluid. The tool used to measure serum IL-6 levels is the 
human IL-6 ELISA essay kit. Has a size of 1 × 96 wells, 
sensitivity 0.96 ng/L, standard curve range: 2–600 ng/L, 
with a sample of 20 μL serum. Examination of serum 
IL-6 levels was carried out at the Research Laboratory 
of the Hasanuddin University Central Hospital. The 
procedure with prepare all reagents, standard solutions 
and samples as instructed. Bring all reagents to room 
temperature before use. The assay is performed at 
room temperature. After doing all the procedures, then 
determine the optical density value of each plate well 
immediately using a microplate reader set to 450 nm 
within 10 min after adding the stop solution.

Statistical analysis

Data were entered into Microsoft Excel. 
Collecting demographic data and analysis descript 
research subject analyzed the difference in PANSS 
and IL-6 values   in the two groups and measuring the 
percentage of the speed of decreasing the effect of 
treatment on PANSS and IL-6 levels.

Results

Characteristics of patients

This research was conducted in the inpatient 
room of the Regional Special Hospital of South 
Sulawesi Province March to May 2021. The sample 
that met the research inclusion criteria were 22 people 
which were divided into 2 groups, namely, ten subjects 
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treatment groups who received 1000 mg black cumin 
adjuvant and 12 subjects controls. In the descriptive 
statistics (Table 1), the research subject the research 
subjects (n = 22) were all male (100%), most of them 
were unmarried (72.7%), and did not work (68.2%). The 
highest education level of the research subjects was 
high school (45.5%). The research subjects averaged 
2–10 times of hospitalization (54.6%) and the most 
disease progression was <5 years (54.5%). BMI was 
mostly normal, 15 (68.2%) subjects in the 1st week, and 
14 people with normal BMI (63.6%) at week 4.

Positive and negative symptoms scale 
(PANSS)

Improvements in the PANSS value in the 
research subjects are shown in Table 2. The median 
PANSS value in the treatment group in the 1st week 
of 112 decreased to 60 and in the control group the 
median PANSS value of 110 became 79. Changes in the 
PANSS value week 0 and week 4 obtained significant 
results for both groups p < 0.05.

Table 2: Comparison of Improvements in PANSS
Group PANSS value p

Week 0
(Minimum–Maximum)

Week 4
(Minimum–Maximum)

Treatment 115
(100–121)

60
(53–68)

0.005

Control 109
(100–125)

79
(67–93)

0.002

Figure 1 shows the comparison of the PANSS 
baseline and week 4 were showing a significant 
difference in the PANSS value in the treatment group 
compared to the treatment with p < 0.001.

Table 3 shows a comparison of the rate 
of decline in the value of each PANSS dimension. 
The decrease was significantly different in positive, 

negative and general symptoms in both the treatment 
group and the control group. Positive symptoms in 
the treatment group showed the greatest decrease 
in the 4th week compared to other symptoms with a 
significance <0.001.

Table 3: Percentage of change rate of PANSS value (n=22)
Group Positive Symptoms Negative Symptoms General 

Psychopathology Scale
(%) p (%) p (%) p

Treatment −50.63 ± 5.41 <0.001 −48.17 ± 8.29 0.001 −42.43 ± 9.16 0.001
Control −29.03 ± 9.24* −28.76 ± 16.24* −27.15 ± 9.02

Serum IL-6 level

On examination, the serum levels of IL-6 at 
week 0 showed that the mean in 14 healthy people was 
26.36 ± 21.78 ng/L, lower than the schizophrenia group 
with the range of serum IL-6 levels from 0 to 77.3 ng/L. 
Meanwhile, in the research subjects, the mean serum 
IL-6 level in the treatment group was 39.6 ± 43.54 ng/L, 
the IL-6 value ranged from 10.24 to 158.50 ng/L, and 
the control group was 51.59 ± 84.51 ng/L with a value 
range of 0–312.17 ng/L. Changes in serum IL-6 levels 
at week 0 and week 4 were not significant in both 
groups with a significance of treatment p = 0.241 and 
control p = 0.433 (p > 0.05) (Table 4).

The difference in serum IL-6 levels at week 4 
was also not significant in the control group compared 
to the treatment group with p = 0.83 (>0.05). The mean 
levels of IL-6 in the treatment group were lower than the 
control group, 45.74 ± 44.59 ng/L compared to 47.20 ± 
45.15 ng/L in the control group. k range. The serum IL-6 
level in the treatment group was 8.1–167.41 ng/L and 
9.1–180.7 ng/L in the control group.

Table 5 shows that the percentage rate of 
change in IL-6 levels in the treatment group of 36.44 ± 
66.46 and the control group was 92.88 ± 168.24. This 
indicates that the biological effect of N. sativa on IL-6 in 
the treatment group was able to inhibit the increase in 
IL-6 better than the control group. Although statistically 

Table 1: Socio-demographic characteristics by frequency  
(n = 22)
Variable Variable Group n % p
Gender Man 22 100
Age (years) 17–25

26–35
36–45

6
8
8

27.27
36.36
36.36

0.451

Marital status Marry
Not married yet
Divorced

3
16
3

13.6
72.7
13.6

0.304

Work Work
Does not work

7
15

31.8
68.2

0.341

Level of education Elementary School
Junior high school
Senior High School

7
5

10

31.8
22.7
45.5

0.306

Inpatient 1 time
2–10 times>10 times

5
12
5

22.7
54.6
22.7

0.488

Disease Onset < 5 years
5–10 years>10 years

12
3
7

54.5
13.6
31.8

0.451

BMI week 0 Underweight
Normal
Overweight

2
15
5

9.1
68.2
22.7

0.571

BMI week 4 Underweight
Normal
Overweight

3
14
5

14.6
63.6
22.7

0.387

BMI: Body mass index.

Figure 1: Comparison of PANSS values week-0 and week-4
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significant, there was no significant difference with a 
t-test of significance of 0.940 (p > 0.05).
Table 5: Percentage of change in serum IL-6 levels (n = 22)
Group Serum IL-6 Level (nmol/L)

(%) p
Treatment 36.44 ± 66.46 0.940
Control 92.88 ± 168.24
IL: Interleukin.

In the treatment group, liver function tests were 
performed at week 0 and week 4. To determine the 
effect of adjuvant N. sativa on changes in liver function, 
it is shown in Table 6. The SGOT examination at weeks 
0 and 4 had the same results. A total of 9 people with 
normal levels (90%) and 1 person increased (10%). 
Meanwhile, the SGPT examination at week 0 and week 
4 were all normal (100%).

Table 6: Results of liver function tests for treatment subjects
Variable Referral Value Week 0 Week 4

(U/L) n = 10 % = 100 n = 10 % = 100
SGOT <35 9 90 9 90

>35 1 10 1 10
SGPT <45 10 100 10 100

>45 0 0 0 0
SGOT: Serum Glutamic Oxaloacetic Transaminase, SGPT: Serum Glutamic Pyruvic Transaminase.

Discussion

This study was conducted based on several 
literatures which state that the etiology of schizophrenia 
is caused by inflammation. That is on hypothesis 
vulnerabilities–stress–inflammation schizophrenic [25] 
and associated with abnormal cytokine levels the 
Schizophrenia [3]. Hence, it is hoped that the presence 
of anti-inflammatory agents as adjuvants can reduce 
the etiology of schizophrenia so that clinical symptoms 
of schizophrenia can be improved which are assessed 
using the PANSS scale and reduce the cytokine, 
namely, IL-6.

In this study showed a decrease in the value 
of PANSS at week 4, both the control group and the 
treatment group. The decrease in PANSS value was 
significant at p = 0.05 in the treatment group and p = 0.02 
in the control group. The decrease in PANSS values   
in both groups was the effect of the antipsychotic drug 
risperidone 4 mg/day which was used as therapy in both 
study groups. Risperidone is an atypical antipsychotic 
that can improve positive and negative symptoms in 
schizophrenia [26]. There was a significant difference 
in the comparison of the PANSS values in the treatment 

and control groups at week 4 with p<0.001. These 
results indicate a significant decrease in PANSS values 
in the treatment group after receiving adjuvant N. sativa 
1000 mg/day at week 4. This condition was associated 
with the anti-inflammatory and antioxidant properties of 
N. sativa [17].

The anti-inflammatory agent used in this 
study was N. sativa of 1000 mg. Nature pharmacy 
from N. sativa especially in quinone constituents. 
It was disclosed that thymol, TQ, dimmer, and 
thymohydroquinone are the main pharmacologically 
active ingredients of N. sativa [27]. N. sativa has one 
of the most important active components, namely, TQ. 
TQ exerts anti-inflammatory properties by inhibiting its 
production [6]. One study showed that administration 
of TQ significantly decreased the expression of 
inflammatory cytokines, IL-2 = 38%, IL-4 = 19%, 
IL-6 = 83%, IL-10 = 23%, and IL-17 a = 29%, in activated 
microglia compared with untreated. TQ increased 
neuronal protein expression while decreasing cytokine 
expression and expression of the pro-inflammatory 
gene NFκB signaling pathway target in BV-2-activated 
LPS/IFNγ microglia cells [9].

N. sativa which has anti-inflammatory 
properties [19] and antioxidants [28] through its active 
substance, TQ is estimated to improve clinical symptoms 
of schizophrenia as seen in the significant improvement 
in the PANSS value in the treatment group compared 
to the control group. The results of a meta-analysis 
of sixty double-blind randomized clinical trials (RCTs) 
studying 2914 patients with schizophrenia showed 
that  anti-inflammatory agents significantly reduced 
the total score with positive and negative symptoms in 
PANSS scores [29]. Significantly on anti-inflammatory 
agents reduced the total score, positive and negative 
symptoms in PANSS scores [29]. In 22 RCTs of varying 
quality and sample size studying Ginkgo biloba, 
N-acetyl cysteine, allopurinol, dehydroepiandrosterone, 
Vitamin C, Vitamin E, or selegiline. There were three 
studies with short-term data for this outcome (there 
was a 20% improvement in PANSS scores) and in 7 
RCTs lower psychotic symptoms based on PANSS 
scores in subjects taking antioxidants [30]. The results 
also showed that positive symptoms showed the fastest 
decrease in week 4 based on the rate of symptom 
reduction in the treatment group compared to negative 
and general symptoms with a significance of <0.001.

In healthy controls taken in this study as 
many as 14 people had an average serum IL-6 level 
26.36 ± 21.78 ng/L with a range of serum IL-6 levels of 
0–77.26 ng/L lower than the mean of the schizophrenia 
group. In some literature, it is said IL-6 in healthy 
condition, the level is <4 pg/ml, but when there is stress 
such as infection or injury. Serum IL-6 levels increase 
to several tens to hundreds of pg/ml, depending on 
infection or injury [31], [32]. Many factors can increase 
IL-6 levels, including BMI, depression [33], [34], after 
stress [34], immune reaction [35], and smoking. One 

Table 4: The levels of IL-6 healthy groups, treatment, and 
control
Group (n) Serum IL-6 Level (ng/L)

Week 0 Range Week 4 Range p
Healthy (14) 26.36 ± 21.78 0–77.26 0.83b

Treatment (10) 39.6 ± 43.54 10.24–158.50 45.74 ± 44.59a 8.1-167.41
Control (12) 51.59 ± 84.51 0–312.17 47.20 ± 45.15a 9.1-180.7
Mean ± SD Significant P < 0.05. aTreatment P = 0.241 3 decreased (5.3), 7 increased (5.7), control  
b = 0.433 4 decreased (7.25), 8 increased (6.13). IL: Interleukin.
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study showed differences in the range of IL-6 levels, 
healthy controls who smoked at 1.51–27.6 pg/ml and 
did not smoke 0.09–19.1 pg/ml [36]. Where the healthy 
controls were not screened for the presence of stress 
and depression disorders, when IL-6 blood samples 
were taken. In a study of depressed (n = 12) and 
schizophrenic (n = 32) patients during the acute state of 
illness and after remission approximately 8 weeks after 
admission and compared with healthy controls (n = 12), 
concentrations of cytokines such as IL-6plasma have 
been reported to be elevated in depressed and 
schizophrenic patients and in healthy individuals, after 
stress [34].

The mean serum IL-6 levels of schizophrenic 
patients in this study tended to be higher than healthy 
controls. These results are in accordance with several 
studies that discussed the relationship of elevated serum 
IL-6 levels with clinical symptoms of schizophrenia 
patients. Schizophrenia and people who experience 
brief or mild symptoms (classically described as the 
prodromal stage) are considered to be at clinical high 
risk for the disease. For FEP, significant increases in 
serum IL 1β, sIL 2r, IL-6, IL-12, TNF-, TGF, and IFN-γ, 
together with decreased IL-10 in acute relapse. In a 
meta-analysis, IL-1β, IL-6, and TGF‐β could be markers, 
given their elevated levels in acute episodes followed 
by normalization under antipsychotic treatment [37]. 
In this study, serum IL-6 levels were examined. The 
significance of the difference in serum IL-6 levels in the 
treatment and control groups was p=0.83, the results 
were not significant. This may be due to the small size 
of the sample included in this study and the relatively 
short study period of 4 weeks.

Observation week 4 on the mean serum IL-6 
levels in the control group tended to decrease from 51.59 
± 84.51 ng/L to 47.20 ± 45.15 ng/L. This decrease in 
serum IL-6 levels is in accordance with previous studies 
that in patients treated with risperidone, serum levels 
of IL-6 and IL-2 decreased after 4 weeks compared to 
levels before antipsychotic therapy [38]. In another study 
after 2 months of treatment with a typical or atypical 
antipsychotic (such as risperidone), IL-6 levels appeared 
to decrease. [3] One study showed that risperidone 
normalized the increase in inflammatory mediators 
(cytokines and prostaglandin) [39]. The presence 
of antipsychotic anti-inflammatory effects suggests 
a major role for inflammation in schizophrenia  [4]. 
A meta-analysis showed a significant reduction in 
serum IL-6 after risperidone treatment. In some cases, 
changes in IL-6 levels can be affected by region or 
duration of treatment. Treatment with risperidone on 
FEDN significantly suppressed the immune response 
system in particular, the inflammatory marker IL-6 was 
significantly reduced. In that study, risperidone affected 
astrocytes and C6 astroglia, by reducing the release 
of IL-6. In addition, risperidone inhibits IL-6-induced 
S100B secretion, reducing the level of secretion below 
the basal level. Risperidone can attenuate microglia 

activation in the brain, which may decrease IL-6 
levels [26]. Serum IL-6 levels may also increase after 
3 months of taking risperidone and clozapine in patients 
with the metabolic syndrome [40].

In the treatment group, the mean serum 
IL-6 level was seen to increase by 39.6 ± 43.54 ng/L 
becomes 45.74 ± 44.59 ng/L. However, serum IL-6 
levels treatment group at week 4 almost the same 
compared to the control group at 47.20 ± 45.15 ng/L. 
The percentage rate of change in serum IL-6 levels 
indicates a biologic effect of N. sativa as adjuvant 
therapy. The results showed that the percentage 
increase in serum IL-6 levels in the treatment group 
was 36.44±66.46 and the control group was 92.88 ± 
168.24. These results indicate that the treatment group 
in the presence of N. sativa adjuvants was able to inhibit 
the increase in serum IL-6 levels were better than the 
control group. In line with studies in septic mice show 
that TQ suppresses the acute inflammatory response 
by significantly inhibiting levels of cytokines, including 
TNF-, IL-1α, IL-2, IL-6, and IL-10 [18].

Changes in IL-6 levels may be well visible after 
3 months of treatment. According to one study, changes 
in cytokines differed in various clinical conditions that 
increased in first-episode psychosis and acute relapse, 
and were normalized by antipsychotic treatment and 
decreased markedly after 3 months of treatment 
antipsychotic and minocycline adjuvants [41]. In other 
studies, there has been no study on the dose of N. 
sativa as an adjuvant therapy that will decrease IL-6 
levels in schizophrenic patients, so there is no precise 
reference to the dose of N. sativa. In another study 
with human research subjects using N. sativa on 
94 patients with type 2 diabetes mellitus took N. sativa 
1000, 2000, and 3000 mg/day for 3 months. Result 
a dose of 2000 mg/day significantly reduced fasting 
blood sugar, 2 h postprandial and HbA1c. Doses of 
1000 mg/day showed an improvement trend but not 
significant. Lack of response at a dose of 3000 mg/
day [42] so that in future studies can observe the use 
of larger doses.

Risperidone 4 mg was used as antipsychotic 
therapy in schizophrenic patients in this study, in which 
an adjuvant N. sativa was added to the treatment 
group. Risperidone is metabolized by cytochrome 
P450 (CYP) 2D6. In addition, the literature highlights 
the inhibitory effect of CYP2D6 drugs that interact 
with risperidone [43].One of the studies show that 
there is a high probability of drug interactions and 
co-administration of TQ or TQ-containing substances 
with drugs metabolized by CYP enzymes. Inhibition 
of CYP enzyme activity by TQ was evaluated by 
incubating typical substrates (phenacetin for CYP1A2, 
tolbutamide for CYP2C9, dextromethorphan for 
CYP2D6, and testosterone for CYP3A4) [22]. Hence, 
it is necessary to pay attention to its long-term effect 
on the metabolism of risperidone in the liver which is 
inhibited by TQ.
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To observe the side effects of adjuvant N. sativa 
in the treatment group (n=10) receiving risperidone 
antipsychotic therapy, liver function tests were performed, 
namely, Serum Glutamic Oxaloacetic Transaminase 
(SGOT) and Serum Glutamic Pyruvic Transaminase 
(SGPT). At week 0 of the SGOT examination, nine people 
had normal levels (90%) and one person increased 
(10%). At week 4, the results of the liver function test 
category did not change the category of liver function test 
results. Similarly, in the SGPT examination of 10 (100%) 
research subjects in the treatment group, the category 
of the results of the SGPT examination did not change 
at week 4, it was still within the normal reference value.

The results of liver function tests are in 
accordance with one of the studies conducted on twenty-
four male Sprague Dawley rats. The results showed that 
N. sativa supplementation up to a dose of 1 g/kg for 
28 days did not cause changes in liver enzyme levels and 
did not cause a toxic effect on liver function as indicated 
by the absence of significant changes in serum ALT 
and AST between the treatment groups [44]. In another 
study assessed the protective effect of TQ against 
Acrylamide (AA)-induced toxicity in forty-eight male 
Wistar. Administration of TQ normalized AA-induced 
changes in most serum parameters and increased 
antioxidant capacity in liver, kidney, and brain tissues 
[45]. Administration of N. sativa 1000 mg/day for 9 weeks 
in 40 male subjects aged around 55 years showed that 
biochemical markers of heart, liver, and kidney function 
were significantly unchanged [14]. However, in the period 
of more than 4 weeks, it is necessary to re-examine liver 
function to determine the side effects of adjuvant N. 
sativa in patients receiving risperidone therapy.

Conclusion

The value of PANSS in both the treatment and 
control groups decreased by week 4. Both trial groups 
showed an improvement in clinical symptoms. When 
schizophrenic patients on 4 mg risperidone were given 
adjuvant N. sativa 1000 mg, the PANSS score in the 
treatment group was considerably higher improvement 
than in the control group. Healthy controls had lower 
baseline serum IL-6 levels than schizophrenia subject. 
The treatment and control group’s serum IL-6 levels 
were not substantially different at week 4. The treatment 
group had a faster percentage response to the drop 
in serum IL-6 levels, indicating that N. sativa had a 
biological effect on IL-6 levels. The decrease in PANSS 
values was negatively linked with serum IL-6 levels, 
and the mechanism that assisted in the reduction of 
PANSS values was faster in the group. At week 4, the 
treatment was compared to the control group. Giving 
adjuvant N. sativa 1000 mg to the treatment group 
for 4 weeks had no effect on the liver function tests, 

SGOT and SGPT, indicating that it was safe to use as 
adjuvant therapy.
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