
http://jtim.tums.ac.ir 287

Effect of berberine on patients with schizophrenia E. Moghimi Sarani et al.

Evaluation of the Effect of Alkaloid Berberine on the Positive and Negative 
Symptoms of the Patients with Schizophrenia: A Double-Blind Randomized 

Placebo-Controlled Clinical Trial

Ebrahim Moghimi Sarani1, Fatemeh Ghorbannezhad1*, Mohammad Hassan 
Meshkibaf2, Marjan Shakibaee2, Seyed Hamdollah Mosavat3*

TRADITIONAL AND INTEGRATIVE MEDICINE

Trad Integr Med, Volume 7, Issue 3, Summer 2022
Original Research

Traditional & Integrative Medicine

1Department of Psychiatric, Shiraz University of Medical Sciences, Shiraz, Iran
2Department of Clinical Biochemistry, Fasa University of Medical Sciences, Fasa, Iran
3Research Center for Psychiatry and Behavioral Sciences, Shiraz University of Medical Sciences, Shiraz, Iran

*Corresponding Authors: Fatemeh Ghorbannezhad
Department of psychiatric, Shiraz University of Medical Sciences, Shiraz, Iran
Email: fatemehghorbannejad90@yahoo.com
                                       Seyed Hamdollah Mosavat
Research Center for Psychiatry and Behavioral Sciences, Shiraz University of Medical Sciences, Shiraz, Iran
Email: hamdi_88114@yahoo.com

1Traditional & Integrative Medicine 2022, Vol. 7, No. 1

http://jtim.tums.ac.ir

TRADITIONAL AND INTEGRATIVE MEDICINE
Trad Integr Med, Volume 7, Issue 1, Winter 2022 Original Research

Chitosan Nanoparticles Containing Cinnamomum verum J.Presl 
Essential Oil and Cinnamaldehyde: Preparation, 

Characterization and Anticancer Effects against Melanoma and 
Breast Cancer Cells

Kamyar Khoshnevisan1,2, Hiva Alipanah3, Hadi Baharifar4,
 Negar Ranjbar5, Mahmoud Osanloo6*

Traditional & Integrative Medicine

1Medical Nanotechnology and Tissue Engineering Research Center, Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran
2Department of Tissue Engineering and Applied Cell Sciences, School of Advanced Technologies in Medicine, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Department of Physiology, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran
4Department of Medical Nanotechnology, Applied Biophotonics Research Center, Science and Research Branch, 
Islamic Azad University, Tehran, 1477893855, Iran
5Department of Medicine, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran
6Department of Medical Nanotechnology, School of Advanced Technologies in Medicine, Fasa University of Med-
ical Sciences, Fasa, Iran

Received: 30 May 2021                       Revised:14 Jul 2021                       Accepted: 16 Jul 2021

Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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Abstract
Schizophrenia is a severe psychiatric condition that affects approximately 1% of the global population. Over the last decade, 
the efficacy of berberine as a complementary therapy in psychiatric diseases without significant side effects has been demon-
strated. Therefore, this study assessed the effect of alkaloid berberine on the positive and negative symptoms in patients with 
schizophrenia. From December 2020 to March 2021, a total of 86 patients with schizophrenia who were referred to Shiraz 
Ebne Sina Hospital in South of Iran were divided into two groups; 42 patients with schizophrenia in the placebo group re-
ceived risperidone at a dosage of 4-6 mg per day, and 44 patients in the treatment group, in addition to risperidone, received 
berberine at a dosage of 500 mg per day. This treatment regimen was followed for 30 days. The Positive and Negative 
Syndrome Scale (PANSS) was used to assess the patients’ symptoms. According to data analysis, The PANSS score in both 
groups showed a statistically significant decrease after 30 days (p < 0.05); however, this decreasing trend was not statistical-
ly significant between the groups (p > 0.05). The current study showed that complementary use of alkaloid berberine capsule 
with a dose of 500 mg per day did not show better outcomes compared with the placebo in patients with schizophrenia.

Keywords: Alkaloid berberine; Positive and negative syndrome scale (PANSS); Schizophrenia 

Introduction
Schizophrenia is known as a chronic and complicated 
mental health disorder. This disorder usually devel-
ops in late adolescence or the beginning of adulthood 
[1,2]. Males and females tend to have the same inci-
dence of the disorder; while males display symptoms 
when they are younger than females [3,4]. Men are 
more likely than women to develop their first episode 
of schizophrenia in their early twenties; while wom-
en are more likely to have their first episode in their 
late twenties or early thirties [3,5]. Schizophrenia is a 

condition that affects a limited proportion of the pop-
ulation. A recently systematic review demonstrated a 
median population period prevalence of 3.3 per 1000 
[1]. Heterogeneous positive and negative symptom 
constellations characterize this disorder. The distinc-
tion between these symptoms originated in neurology 
and was later accepted in psychiatry [6]. This dis-
tinction is related to clinical observations and allows 
the disorder to be described in terms of symptom do-
mains. While positive symptom indicates an excess 
or distortion of normal function (e.g., hallucinations, 
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Equation 1.

delusions, and disorganized behavior), negative ones 
reveal a diminution or absence of normal behaviors 
related to motivation and interest (e.g., avolition, an-
hedonia), or expression (e.g., blunted affect, alogia) 
[6-8]. 
Studies have shown that first-generation antipsychotic 
medications of neuroleptic medications (such as halo-
peridol and chlorpromazine) have been more effective 
in treating positive symptoms of schizophrenia. Still, 
these medications cannot fully help propel the treat-
ment of negative symptoms of schizophrenia [9]. Da-
vis et al. (2003) found that neuroleptic medications, 
such as olanzapine and risperidone, had more appro-
priate therapeutic effectiveness on negative symptoms 
of schizophrenia [10]. According to Carman et al.’s 
study, risperidone effectively treats significantly neg-
ative symptoms in schizophrenic patients [11]. The 
investigation has revealed that even after receiving 
adequate doses of these medications, just about 30% 
of patients still have severe and persistent symptoms; 
more than 60% of these patients have some residual 
symptoms despite adequate treatment [12-14].  
According to  John Rathbone et al.’s study, medicinal 
plants, in combination with antipsychotic medicines, 
could be beneficial for the treatment of schizophrenia 
[15,16].  Numerous studies have described the effects 
of herbal remedies on the symptoms of schizophrenia 
[17]. Curcumin extract reduces some of the side ef-
fects related to the use of narcoleptics to schizophren-
ic patients such as orofacial dyskinesia [18]. Another 
study shows that Bacopa monnieri (L.) Wettst.  may 
have a significant ability for the improvement of the 
cognitive symptoms of schizophrenia [19]. Ginkgo 
biloba L. extract has anti-inflammatory and antioxi-
dant effects. Ginkgo increases the cerebral blood flow, 
so it could be a promising treatment for schizophrenia 
in combination with clozapine, as they significant-
ly decrease the negative symptoms of patients with 
schizophrenia [20].
Traditionally, alkaloids with intense activity have al-
ways been used as herbal medicine. Through new re-
search methods, active compounds in the extracts can 
now be detected and designed for new applications. 
Berberine is one of them, which is currently receiving 
great interest due to its up-and-coming pharmacologi-
cal and biological properties [21,22]. Berberine could 
readily be crossed by the blood-brain barrier (BBB) 
and may be delivered into the neurons in a concen-
tration-dependent and time-based way [14,23]. Pre-
clinical research has shown its usefulness in many 
CNS-related disorders such as neuropsychiatric and 
neurodegenerative ones [14,23]. Berberine has neu-
roprotective effects against different animal models 
of CNS-related disorders such as depression, anxiety, 
forebrain ischemia, and Alzheimer’s disease [24].
This plant metabolite has been recognized to reverse 

N-methyl-d-aspartate (NMDA)-induced excitotoxici-
ty when assessed in the gerbil hippocampal neurons. 
In another study, it has been confirmed that berber-
ine blocks morphine-induced locomotor sensitization 
in mice, and decreases NMDA receptor bindings and 
D1 dopamine in the cortex. Moreover, berberine has 
been revealed to decrease postsynaptic neuronal acti-
vation in the central dopaminergic systems and leads 
to inhibitory effects of nicotine-induced behavioral 
sensitization in rats. Furthermore, berberine influ-
enced D1 dopamine receptor agonistic properties and 
D2 dopamine receptor antagonistic activity, which 
may be important in improving both the negative and 
positive symptoms of schizophrenia. [22,24,25]. Also, 
recent research has confirmed the positive effects of 
berberine on various diseases, such as infections, gas-
trointestinal disorders, cancer, and neurological and 
metabolic disorders.
On the other hand, given the wide variety of medica-
tions used to manage schizophrenia, there is debate 
about ideal medications for completing the patients’ 
rehabilitation. Since the most common antipsychotic 
medications focus on dopamine, which is associated 
with positive symptoms, there is an urgent need for 
patients with negative symptoms [26]. Many criti-
cal clinical trials are currently evaluating berberine, 
which facilitates the further study of its mechanisms 
of action and possible applications. Therefore, this 
study aimed to evaluate the effect of alkaloid berber-
ine on the positive and negative symptoms in schizo-
phrenia patients.

Materials and Methods
Participants
In this interventional research, we enrolled 61 pa-
tients with schizophrenia who referred to Shiraz Ebne 
Sina Hospital in South of Iran. This research has 
been registered in the Iranian Clinical Trials Regis-
try (IRCT20190726044339N1). It was also reviewed, 
approved, and monitored by the ethics committee of 
Shiraz University of Medical Sciences (License num-
ber: IR.SUMS.MED.REC.1399.371).

Sample size
The sample size was calculated using EPI Info soft-
ware. The two-way comparative form in the depend-
ent group was used to assess the sample size. In this 
analysis, the first and second form errors were calcu-
lated as 0.05 and 0.2, respectively. ϭ and d were also 
considered 0.38 and 0.2, respectively. By taking into 
account two-sided significance level of 0.05 and pow-
er of 80%, 10% possibility of failure to follow up and 
patients’ drop out, the sample size was calculated 42 
patients in each group (Equation 1).
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Inclusion criteria
The inclusion criteria in this study consisted of (a) 
all participants matched for age, sex, treatment, and 
duration of the disease; (b) the initial diagnosis of 
schizophrenia confirmed by a psychiatrist through the 
Positive and Negative Syndrome Scale (PANSS); (c) 
lack of any underlying disease in the participants in 
the placebo and treatment groups; and (d) lack of any 
other mental disorder such as depression, Parkinson’s 
and Alzheimer’s disease, etc. in the participants in the 
placebo and treatment groups.  

Exclusion criteria
Exclusion criteria included: (a) digestive severe prob-
lem along with other unstable diseases; (b) history of 
alcohol and drug abuse in the past year; (c) patients 
undergoing Electroconvulsive therapy (ECT); (d) pa-
tients who were pregnant or breastfeeding; and (e) 
patients whose medication had changed during the 
study. 

Study design and procedures
In this study, the patients were divided into two groups. 
Risperidone (Sobhan Pharmaceutical company, Iran) 
at a dosage of 4-6 mg per day was given to those in the 
placebo group (PG) (n = 42). Patients in the treatment 
group (TG) (n = 44) were prescribed a supplement of 
berberine (Amazing Nutrition Co., USA) at a dosage 
of 500 mg per day in addition to risperidone at a dose 
of 4-6 mg per day. This treatment regimen was fol-
lowed for 30 days. Patients were given medications 
after breakfast, between 8 and 9 a.m., under the super-
vision of ward nurses. The PANSS Questionnaire was 
used to assess them after a 30-day treatment cycle.

Randomization, blinding, and allocation 
concealment 
Prospective sequential sampling was done on all pa-
tients with inclusion criteria who referred to Shiraz 
Ebne Sina Hospital in Shiraz, Iran. Eighty-six pa-
tients were randomized in two parallel groups (drug 
and placebo group). A blocked randomization list was 
generated by a biostatistician using Number Cruncher 
Statistical System (NCSS) software (using block ran-
domization with size 4 per block). 
 The drug and placebo capsules were coded by the 
pharmacist (who kept the sealed code of capsules until 
the end of the project). Patients, intervention deliver-
er, researcher, and epidemiologist were not aware of 
the group allocation.  Placebo capsules were similar 
to berberine capsules in the same color, shape, and 
weight. 

Cognitive function evaluation 
The PANSS survey assessed the symptoms of schiz-
ophrenia at weeks 0, 2, and 4. The PANSS is a psy-

chological scale used to assess the severity of symp-
toms of schizophrenia patients. It is commonly used 
to evaluate the efficacy of antipsychotic treatment 
[27]. The PANSS scale has 30 items divided into 
three subscales. It contains five positive symptoms 
questions, five negative symptoms questions, and five 
questions about global psychopathological symptoms. 
The questions are scored using a 5-point Likert scale 
with a range of 1-5. It is scored from 1 (not present) 
to 5 (extremely severe). The lowest score was 30 and 
the highest 150. A score of 30 to 60 indicates that the 
severity of schizophrenia symptoms is low. A score of 
60 to 90 indicates that the severity of schizophrenia 
symptoms is mild. Also, a score of more than 90 indi-
cates that the symptoms of schizophrenia are severe. 
The validity and reliability of the Persian version of 
the PANSS have been confirmed previously (r = 0.99) 
[28,29].

Ethical consideration
In the current study, the research protocol was ap-
proved by the Ethics Committee of the Shiraz Univer-
sity of Medical Sciences (Ethics committee reference 
number: IR.SUMS.MED.REC.1399.371). Moreover, 
the trial was registered by the Iranian Registry of Clin-
ical Trials with the code of IRCT20190726044339N1. 
Ethical principles were followed in this study in com-
pliance with the Declaration of Helsinki. The patients 
or their legal guardians gave informed consent in 
compliance with protocols of the institutional review 
board, and they were ensured that they could with-
draw from the study at any time they decided.

Statistical analysis
Data analysis was performed using SPSS version 16.0 
package. The Pearson Chi-Square test evaluated the 
relationships of demographic and clinical characteris-
tics in both groups. Multivariate analyses of the gener-
al linear model were used to evaluate the contribution 
of the duration of the medication regimen to psychotic 
symptoms. The significance level was determined as a 
P value lower than 0.05.

Results 
From December 2020 to March 2021, the patients 
were evaluated for eligibility. Eighty-six of them 
had the inclusion criteria.  Forty-four patients were 
assigned to the berberine group and 42 to the place-
bo group. Figure 1 is a flowchart demonstrating the 
patients’ screening, enrollment, allocation, follow-up, 
and analysis.

Clinical and demographic characteristics
The data of 61 participants with schizophrenia (52 males 
and 9 females) were analyzed. The means ±standard 
deviations of the patient’s age in the treatment group 
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were 29.68 ± 5.67 and in the placebo group 32.67 ± 
6.81; the difference was not statistically significant 
(P = 0.8) (Table 1). In the control group, 71.4% were 
male and 28.6% female, and in the treatment group, 
68% were male and 32% female. The mean onset of the 
disease was more than five years (Table 1), and also a 
statistical difference was observed between the gen-
ders in the placebo and treatment groups (P = 0.013). 

Psychological evaluation
Table 2 demonstrates that the general linear mod-
el (summing type III) was used between the pla-
cebo and treatment groups. Data analysis revealed 
a decrease in PANSS score in the treatment group 
compared to the placebo group during 0 to 4 weeks; 
however, this decreasing trend was not statistically 
significant (p > 0.05). 

Figure 1. Flow diagram of the patients' enrolment, groups' allocation, follow up, and final analysis

Table 1. Chi-square score of categorical variables among patients with schizophrenia at Ebne Sina Hospital, 2019-2020.

Variable Category
Group

X2 df P value
placebo Treatment

Sex
Male 29 23

6.122 4 0.013
Female 1 8

Age (year)
Less than 20-40 18 22

0.812 1 0.367
More than 40 12 9

Educational status
Less than diplo-

ma
16 12

2.681 2 0.262
diploma 13 19

Marital status
Single 21 22

0.241 2 0.887Married 5 6
Divorce 4 3

Substance
None 18 23

1.927 2 0.382Opioid 8 4
Stimulate 4 4

Onset of disease (year)
Less than 5 13 17

2.700 1 0.170
More than 5 7 23
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Discussion
Since the early 1950s, antipsychotic medications 
have been the cornerstone of schizophrenia treat-
ment. While these therapies are beneficial for some, 
many still have significant symptoms or unpleasant 
consequences [16]. Second-generation antipsychotic 

medications have been substituted for the first gen-
eration to treat schizophrenia and related disorders 
due to their comparative effectiveness and lower 
side effects [30]. Antipsychotic medications are a 
crucial part of the treatment of schizophrenia. How-
ever, research has shown that even after receiving 

Table 2. Mean outcome measures scores between the two groups of the study before and after the study

Outcome Measure Time Berberine 
Group⃰⃰

Placebo 
Group⃰

Mean Difference 
(95%CI) P value P value

Positive Symp-
toms

Baseline 28.32±4.67 29.36±5.50 1.044(-1.56,3.65) 0.427

0.7302th Week 20.51±5.33 21.46±7.46 0.950(-2.36,4.26) 0.569

4th Week 16.29±4.82 16.56±5.80 0.276(-2.45,3.00) 0.840

Negative Symp-
toms

Baseline 20.74±4.84 19.10±4.56 1.20(-4.05,0.77) 0.179

0.1402th Week 14.29±3.95 14.13±4.18 -0.1.59(-2.24,1.92) 0.881

4th Week 9.74±3.66 10.69±3.79 0.891(-1.020,2.80) 0.355

General Symp-
toms

Baseline 14.87±3.39 13.30±3.45 -1.57(-3.32,0.183) 0.078

0. 6922th Week 7.25±2.95 6.73±1.77 -0.524(-1.77,0.730) 0.406

4th Week 5.80±2.21 5.06±1.11 -739(-1.64,0.162) 0.106

⃰Mean ± Standard Deviation

adequate doses of these medications approximate-
ly 30% of patients still have severe and persistent 
symptoms; more than 60% of these patients have 
some residual symptoms despite adequate treat-
ment [12-14]. Positive and negative symptoms have 
long been considered as the characteristic of schiz-
ophrenia. Recent clinical studies have shown that 
cognitive dysfunction is the third major diagnostic 
category and is increasingly considered as the main 
defect of this disorder [13].
Herbal remedies are extensively utilized instead for 
psychiatry purposes in industrialized and developing 
nations, maybe due to the evident limitations of syn-
thetic pharmaceuticals [16]. Plant extracts containing 
alkaloids have always been used in herbal medicine. 
Active compounds in the extracts can now be iden-
tified and designed for new applications using new 
research methods. Berberine is one of them because 
of its intriguing biological and pharmacological prop-
erties [21, 24]. Numerous studies have shown the an-
ti-inflammatory and antioxidant properties of berber-
ine [31,32].
The current study found that, after 30 days, berberine 
could reduce the positive and negative symptoms by 
the PANSS score in the treatment group as compared 
to the placebo group; however, this reducing trend 
based on PANSS score during 0, 2, and 4 weeks was 
not statistically significant (P > 0.05). One of the rea-
sons that the result of our study was not satisfactory 

may be that the dose of berberine was not enough. In 
a recent published study, Li et al. found that berber-
ine 900 mg/day for 8 weeks’ treatment could improve 
metabolic disturbances in schizophrenia patients [33].  
However, in different studies, different doses of ber-
berine have been studied. For example, in one study, a 
dose of 500 to 1500 was used [34].
According to various studies, the effects of berberine 
on the nervous system and related diseases are still 
unknown. Patients with schizophrenia are prone to 
hyperlipidemia and diabetes due to the use of antipsy-
chotic drugs because metabolic syndrome is the prev-
alent side effects of antipsychotic drugs [35]. Thus, 
treatment of high blood sugar and hyperlipidemia is 
a priority in these patients. Hence, drugs that could 
control the patient’s sugar and lipid in patients with 
schizophrenia can be used as adjunctive therapy in the 
treatment of schizophrenia. Fortunately, berberine has 
been shown in some studies to be effective in the con-
trol of hyperlipidemia and hyperglycemia in schizo-
phrenia [21,33]. However, despite its neuroprotective 
effect, some studies indicated that berberine acceler-
ated the neurodegeneration process [36].
 A lot of research on oxidative stress in patients with 
schizophrenia has shown conflicting results. As to the 
answer to that question, it is unclear if increased oxi-
dants cause psychiatric disorders or whether psychiat-
ric disorders cause oxidant increases [37]. Gunes et al. 
(2017) reported that in schizophrenia patients, oxida-
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tive metabolism could be linked to negative symptoms 
[37]. Due to the antioxidant properties of berberine, 
it might be able to improve the positive and negative 
symptoms of schizophrenia patients in the present study. 
On the other hand, the activity of “biologically active 
peptides” and “peptide hormones” is regulated by the 
prolyl oligopeptidase family enzymes. These enzymes 
are involved in various diseases such as schizophrenia, 
memory loss, depression, diabetes, etc. Prolyl oligo-
peptidase activity is known to decrease depression and 
increase psychotic disorders like mania and schizo-
phrenia. According to the available literature, antipsy-
chotic medications do not affect this enzyme. Tarrago 
et al. in 2007 reported that berberine was a concen-
tration-dependent inhibitor of prolyl oligopeptidase. 
This study indicated that berberine was supposed to 
effectively treat schizophrenia because of its prolyl ol-
igopeptidase-inhibitory property [13]. Since berberine 
interacts with this enzyme in a dose-dependent man-
ner, it is possible that berberine reduces the positive 
and negative symptoms in an appropriate dose. Many 
researchers in various countries have been involved in 
berberine clinical studies in recent years, and research 
on schizophrenic patients in phases 2, 3, and 4 is cur-
rently in progress [21].
Berberine also affects the D2 dopamine receptor 
(DRD2) antagonistic and DRD1 (D1 dopamine re-
ceptor) agonistic activity [25,38]. Berberine has been 
shown to inhibit norepinephrine release, resulting in 
the activation of 2-adrenoceptors, which can then af-
fect dopamine by blocking the D1 and D2 receptors 
[25,38]. Therefore, it could help both positive and 
negative symptoms of schizophrenia [25]. Kulkarni et 
al. demonstrated that acute berberine administration 
increased the dopamine levels in mice (31%). The re-
sult shows that berberine has an antidepressant effect, 
possibly modulating brain biogenic amines such as 
dopamine [38]. According to Yan Wang et al. (2021), 
oral berberine increases the brain dopamine levels to 
alleviate Parkinson’s disease by controlling the gut 
microbiota [39]. However, the exact mechanism of ac-
tion is unknown [34].

Limitations
Our study had some limitations; it had a single-center 
design and a small sample size.  Although this study 
was performed as a first pilot study on the efficacy of 
berberine on schizophrenia, it required the least trial 
size. Thus, it is suggested that future studies should be 
performed with larger sample size. Short duration of 
the study and lack of drug dose adjustment or numer-
ous dose evaluation in this study were the other lim-
itations, which could be considered in future studies.

Conclusion
As a conclusion, the current study showed that comple-

mentary use of alkaloid berberine capsule with a dose 
of 500 mg per day did not show better outcomes com-
pared with the placebo in patients with schizophrenia. 
Therefore, further clinical studies are recommended to 
include dose titration and longer duration and analyze 
the alkaloid berberine efficacy and relative risk.  
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