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ABSTRACT 

Objective: Major depressive disorder (MDD) is associated with cognitive 

deficits and inflammation which predict treatment resistance. This study 

aimed to investigate the efficacy of Curcumin in cognitive functions and 

inflammation in depression. Methods: The present study was a double-blind, 

randomized clinical trial design. One hundred twenty MDD outpatients, aged 

18 to 55, were selected regarding the inclusion and exclusion criteria and 

randomly assigned to Curcumin (n = 60) and control groups (n = 60). 

Participants were assessed at baseline, sixth and twelfth week for depressive 

symptoms and cognitive functions. Inflammatory markers (IL-6, IL-1β) were 

measured at baseline and the twelfth week. Both groups received sertraline. 

Experimental group received Curcumin while the control group received 

placebo. Data were analyzed by repeated measures MANOVA. Results: 

Curcumin out performed control on trial making test-B (P= 0.011), backward 

digit span, verbal fluency task and Tower of London (P< 0.001) at the twelfth 

week of assessment and forward digit span (P<0.001) and trial making test-A 

(P=0.041) at the sixth and twelfth week of assessment. Moreover, 

inflammatory markers reduced in the curcumin group more than in the 

control group (P< 0.011). Conclusion: According to the results of this study, 

Curcumin could be considered as an antidepressant to bring more therapeutic 

benefits in improving clinical symptoms and cognitive deficits, especially the 

executive functions of MDD patients. Moreover, it could lead to reduction of 

inflammatory markers and would target cognitive function more than 

conventional treatments. 
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1. INTRODUCTION 

Depression is a common disorder that affected many people and is the most 

common cause of disability worldwide (World Health Organization, 2020). 

According to MDD diagnostic criteria of DSM-5, in addition to mood 

symptoms, reduced concentration, attention, and diminished thinking ability 

or decision making are also among the diagnostic criteria (American 
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Psychiatric Association, 2013). Approximately 20% of patients exhibited deficits of two standard deviations below the mean on two 

or more cognitive domains (Gualtieri et al., 2008). According to review articles, impairment in attention, memory, executive 

function and psychomotor (Cohen's effect sizes ranging from -0.32 to -0.97) are the most common cognitive impairments (Rock et 

al., 2014). Also, some studies reported that depressed patients demonstrate increased peripheral inflammation (Raison et al., 2011). 

These findings imply tothe underlying inflammatory process in MDD, even in medically healthy individuals. 

Despite the existence of evidence-based medical guidelines, which rely on monoaminergic theory, these approaches are more 

effective in improving mood symptoms (Carvalho et al., 2014) and only 30-40% of patients return to pre-disease functional levels 

(Bortolato et al., 2016). Furthermore, Ji et al., (2020) in a study of 67 depressed patients treated with selective serotonin reuptake 

inhibitors (SSRI) for at least 6 months found that despite the reduction of patients' cognitive deficits, executive functions and 

attention still were significantly weaker than the healthy group. Moreover, Setiawan et al., (2015) pointed out the increased 

inflammatory activity of microglia in the anterior cingulate and prefrontal cortex of MDD patients, that indicates the underlying 

neuro-anatomical regions of executive function. Venneti et al., (2013), demonstrated that even in a healthy individual’s macrophage 

activation could elicit depressive like syndrome and activate the hypothalamic, pituitary and adrenal (HPA) axis. Chronic activation 

of Microglia leads to considerable inflammation, which could affect cognitive functions. Although, some studies have shown that 

treatment with SSRIs would improve memory functions, psychomotor speed, and executive functions (Constant et al., 2005), other 

studies implied that SSRIs were not associated with improved cognitive function in MDD (Fava et al., 2006).  

Apparently, medications that simultaneously affect multiple neurochemical targets show greater improvement in cognitive 

functions than single-target therapies such as SSRIs (Herrera-Guzmán et al., 2010). Therefore, the addition of a supplementary 

medication that, in addition to the serotonin pathway, could affect other neurochemical mechanisms of depression would be more 

effective in improving the cognitive functions of MDD patients. According to "Depression Inflammatory Theory", increased level of 

cytokines such as Interleukins (IL-6, IL-1β, IL-18) and tumor necrosis factor (TNF-α)is associated with acute depression (Gałecki et 

al., 2018; Kappelmann et al., 2018; Yuan et al., 2019). Central depletion of Serotonin occurs by these cytokines activating enzyme 

Indoleamine 2,3-dioxygenase (IDO) which increase production of Quinolinic acid (QA), a N-methyl-D-aspartate receptor (NMDA) 

agonist leading to synaptic loss (Gałecki et al., 2018). Leaky gut hypothesis (Ohlsson et al., 2019) also suggests an abnormal increase 

in intestinal permeability to bacterial toxins as an underlying cause of the immune dysfunction in depression (Hannestad et al., 

2013).  

This inflammatory process causes mood and cognitive changes (Gałecki et al., 2018) and psychomotor retardation, 

inattentiveness, and speed processing and executive function deficits are among the most prominent changes (Gałecki et al., 2015). 

As well, Inflammation is considered the underlying mechanism of HPA disruption, which ultimately leads to hippocampus volume 

decrement and is caused by decreased expression of neurotrophic factors in the brain (Milne et al., 2012). Although several studies 

have pointed out the role of inflammation in the incidence, exacerbation and persistence of MDD, current medications have been 

focused mainly on the monoaminergic system, but the effect of these agents may be somehow due to their intrinsic anti-

inflammatory properties (Hannestad et al., 2013; Kappelmann et al., 2018; Obuchowicz et al., 2014). Hence, some studies have 

shown the efficacy of anti-inflammatory agents such as cyclooxygenase inhibitors in treatment of depression (Pasco et al., 2010) But, 

cyclooxygenase inhibitors could be associated with significant side effects such as gastrointestinal, renal and vascular complication 

(Harirforoosh et al., 2013). The other anti-inflammatory agent that could be effective in treatment of depression is Curcumin.  

Curcumin is the active component of turmeric, which is safe at high doses and possess several anti-inflammatory, antioxidant 

and antidepressant properties by inhibiting the inflammatory pathways of cyclooxygenase-2 and nitrite oxide synthase, which both 

are active in depressive disorder (Daverey et al., 2016; Agarwal & Agarwal, 2016; Ishaque et al., 2018). These mechanisms could 

suggest curcumin as a putative agent in the treatment of the neurological deficits of depression. Some studies have shown that 

curcumin can reverse the decline in brain neurotrophic factor (BDNF) (Hurley et al., 2013). Cox et al., (2015) also showed that using 

80 mg of oily curcumin for 12 weeks can improve working memory in healthy adults. Likewise, Raneiy-smith et al., (2016) showed 

that taking 1500 mg/day of biocurcomax for 52 weeks can prevent cognitive decline in older age groups (60 years and older).  

Although a few studies have examined the effectiveness of curcumin on cognitive functions and inflammation in depression, 

but according to a systematic review by Seddon et al., (2019) published on clinical trials between 2011 and 2018, only three out of 5 

studies reported the effectiveness of curcumin in improving cognition. Also, these studies have been performed on non-depressed 

populations and bear methodological problems such as insufficient duration and nonstandard dose of curcumin prescription, and 

lack of MDD specialization neuropsychological measurement tools. Therefore, the present study aimed to investigate and compare 

the efficacy of curcumin as add-on therapy with sertraline in improvement of clinical symptoms, cognitive functions and 

inflammatory biomarkers of MDD patients.  
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2. METHODS 

The present study was a double-blind, randomized clinical trial design. Assessments performed at three phases (the baseline, sixth 

and twelfth week). The statistical population of the study consisted of all the referral outpatients from medical centers of Tehran's 

2nd, 3rd and 16th district from October 2020 to September 2021 who met the criteria of MDD based on psychiatrists’ clinical 

interview. One-hundred twenty patients were selected regarding the inclusion and exclusion criteria. All participants were 

randomly (according to a computer-generated randomization list) assigned to curcumin and control groups. Each group consisted 

of 60 participants (n = 60 Curcumin group and n = 60 Control group, β-1= 0.91, effect size = 0.3, α = 0.05) (Stevens, 2007). 

Inclusion criteria were: 1- MDD diagnosis, 2- age between 18 to 55 years, 3- ability to read and write. The exclusion criteria 

included: 1- Substance use and smoking, 2- Regular use of cyclooxygenase inhibitors, 3- History of diseases affecting brain, 4- 

Autoimmune diseases, 5- Other psychiatric diseases, 6- History of Electro-convulsion, 7- Infection in the last month. The 

discontinue criteria included: 1- Suicidal ideation, 2- Altered hormonal conditions, 3- Need for hospitalization, 4- Any change of 

received medications, 5- Taking less than 80% of the received pills, 6- Systemic disease, 6- Reluctance to continue cooperation. The 

study was registered in IRCT.ir (IRCT20200607047672N1) and approved by the ethical committee of Iran University of Medical 

Science (IR.IUMS.REC.1397.1167). 

 

Hamilton Depression Rating Scale (HDRS) 

This scale is designed to measure the severity of depressive symptoms by clinical interview. The 17-factor form is commonly used 

in studies. The scoring is from 0 to 50. The validity of the Persian version of the questionnaire through correlation with Beck 

Depression Scale has been reported 0.55 and the reliability between evaluators was 0.95 (Ebrahimi et al., 2013). 

 

Wechsler Forward/ Backward digit span 

To assess verbal working memory of the participants, the digit span sub-tests of the Wechsler memory scale (WMS-III) were used. 

In this study, short-term memory was assessed by forward digit span and working memory was assessed by backward digit span. 

In the Persian population coefficient’s reliability of the sub-tests have been reported by test-retest ranging from 0.28 to 0.98 (Orangi 

et al., 2002). 

 

Trial Making Test A & B (TMT) 

This test is a psychomotor speed measure. Participants are asked to quickly connect numbered dots from 1 to 25 (Form A) and 1 to 

12 and the letters A to R (Form B) in the ascending order. The outcome measure is the taken time for completing the task; the lower 

score means better performance. The reliability of this test is reported 0.78 to 0.70 and the inter-test reliability is reported 0.98 to 0.96 

(Reynolds, 2002). 

 

Verbal Fluency task (VFT) 

The Farsi verbal fluency test consists of letter fluency and category fluency. Each part consists of three one-minute trials, and the 

overall trials are six one-minute trials for each participant. In letter fluency, one of the three selected Farsi letters are given to the 

participant and he is asked to name as many words that start with the selected letter in a limited time (one minute). The sum of the 

scores in each section is between 0 to 90 (Ghasemian-Shirvan et al., 2018). 

 

Tower of London (TOL)  

In the present study, the Tower of London test was recruited to measure the executive planning ability of the participants. This test 

has appropriate construct validity in assessing the planning and organization ability of individuals. The validity of this test was also 

reported as 0.79 (Krikorian et al., 1994). 

 

Serum Analysis  

Commercially available ELISA kits were used to measure the serum concentrations of and human IL-1β (Cat. No: ZB-10143C-H9648 

Zellbio GmbH) and humanIL-6 (Cat No: 950.30.096 Diaclone France) according to the manufacturer's recommended protocols. 

 

Procedure 

In the first stage, 120 patients with MDD were selected based on inclusion and exclusion criteria, entered the study after completing 

the informed consent form. Patients were randomly assigned to Curcumin and control groups. Both participants and assessors were 
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blind. Both groups received standard treatment with sertraline; thus, in the first four days, 25 mg of sertraline was prescribed, and 

then the dose increased to 50 mg/day. The Curcumin group received two Curcumin doses of 500 mg/day, in addition to the 

standard treatment. The control group received placebo similar to Curcumin (weight, color, prescription dose). Participants were 

evaluated for clinical symptoms, cognitive functions such as memory, verbal fluency, speed processing, and executive planning at 

the baseline, sixth-and twelfth-week phases. Inflammatory markers such as IL-6 and IL-1β were evaluated. Subsequent to overnight 

8h fasting, blood samples were obtained at baseline and 12th week. The serum was separated by centrifugation of the blood 

samples at 1,500 × g for 10 min at 4°C. The serum samples were stored at −80°C until analytical measurements were performed. 

Commercially available ELISA kits were used to measure the serum concentrations of IL-6 and IL-1β according to the 

manufacturer's recommended protocols. Assessment for side effects and medication competence were done by phone every week. 

At the sixth week of the intervention in the control group, two subjects were excluded from the study due to suicidal ideation and 

pregnancy. In each group, there was a case of withdrawal due to unwillingness to continue cooperation (figure 1). 

 

 

 
Figure 1 flow of the participants through the trial 

 

Statistical Analysis 

The repeated measures MANOVA test were applied for the determination and comparison the trend of changes between two 

groups in three assessment phases. The SPSS software, version 19, (SPSS, Chicago, IL, USA) was employed for the analyses. 

Independent t-tests and chi-square were utilized to compare the demographic characteristics of the two groups. A P value of less 

than 0.05 (2-tailed) was considered to be statistically significant. 

 

3. RESULTS 

As shown in Table 1, the final sample was composed of 59 MDD patients in Curcumin group and 57 MDD patients in the control 

group. Analysis of demographic characteristics of the sample showed that there was no significant difference between the mean age 

of the curcumin (32.54 ± 8.219) with the Control group (32.59 ± 8.843) (t= 0.034, P= 0.97). Also, in terms of illness duration, no 

significant difference was found between the two groups of curcumin (1.89 ± 0.715) and Control (1.66 ± 0.884) (t= 1.54, P= 0.12). 
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Table 1 demographic characteristic for all participants 

 Curcumin (N=59) Control (N= 57) 

Sex Female (Percent) 71.2 68.4 

Age (Mean± SD) 32.54 ± 8.219 32.59 ± 8.843 

Illness Duration (Mean± SD) 1.89 ± 0.884 1.59 ± 0.703 

BMI 24.35 ± 2.984 24.71 ± 2.827 

Education 

(Percent) 

Diploma 27.1 22.8 

Associate  5.1 1.8 

Bachelor 47.5 35.1 

Master  16.9 33.3 

Doctoral 3.4 7 

Note: SD= Standard Deviation. 

 

According to three times of assessment phases and multiple dependent variables, repeated measures MANOVA test was 

utilized. First, its assumption such as homogeneity of variances by Levene’s test (P= 0.052) and Bartlett’s test (P= 0.009) was checked. 

The results shown that the main effect of time (Pillai's Trace= 0.975, P< 0.001, F (16, 99) = 246.08, Partial Eta Squared= 0.975), main 

effect of group (Pillai's Trace= 0.293, P< 0.001, F (8, 107) = 5.539, Partial Eta Squared= 0.293) and interaction effects of time*group 

(Pillai's Trace= 0.736, P< 0.001, F (16, 99) = 17.217, Partial Eta Squared= 0.736) were statistically significant. In the next step, the 

results of within-subjects contrasts based on assessment phases (Baseline, Sixth & Twelfth week) and experimental groups 

(Curcumin & Active control) are presented. Since that the results of Mauchly's test indicated that the sphericity assumption was not 

met, so the Greenhouse-Geiser test used to correct the degrees of freedom. 

 

Table 2 Results of within-subjects contrasts in cognitive functions and clinical symptoms based on grouping and assessment phases 

Scales Group 

Baseline 6th week-intervention 12th week-intervention 

Mean ± SD P Mean ± SD P η2 Mean ± SD P η2 

Forward digit 

span 

Curcumin 5.27±1.126 
0.37 

6.69±1.118 
<0.001 0.106 

8.32±1.382 
<0.001 0.286 

Control 5.47±1.297 5.94±1.076 6.73±1.126 

Backward digit 

span 

Curcumin 3.44±1.054 
0.10 

3.72±0.826 
0.54 0.003 

5.55±1.178 
<0.001 0.390 

Control 3.77±1.149 3.82±0.868 3.91±0.871 

TMT.A 
Curcumin 45.38±6.167 

0.74 
42.76±5.462 

0.041 0.035 
38.79±5.941 

<0.001 0.161 
Control 45.75±5.654 44.91±5.883 43.52±4.881 

TMT.B 
Curcumin 84.32±8.226 

0.86 
81.37±7.794 

0.77 0.001 
77.03±7.814 

0.012 0.026 
Control 84.05±8.519 81.78±7.834 80.26±7.565 

VFT. Letter 
Curcumin 15.77±4.119 

0.88 
16.08±3.944 

0.95 0.001 
20.0±5.854 

<0.001 0.105 
Control 15.66±4.045 16.03±4.503 16.43±4.508 

VFT. Category 
Curcumin 16.54±3.720 

0.89 
17.05±3.645 

0.76 0.001 
19.94±3.780 

<0.001 0.128 
Control 16.43±4.659 16.84±3.872 17.12±3.664 

TOL Score 
Curcumin 23.54±2.866 

0.86 
24.03±2.385 

0.83 0.001 
26.54±2.712 

<0.001 0.211 
Control 23.63±2.553 23.94±2.124 24.10±1.961 

HDRS 
Curcumin 26.00±3.969 

0.69 
13.15±3.666 

0.02 0.04 
5.98±2.757 

<0.001 0.136 
Control 26.29±4.250 14.56±2.666 8.01±2.375 

Note: TMT.A= Trial Making Task, VFT= Verbal Fluency Test, TOL= Tower of London, HDRS= Hamilton Depression Rating Scale, 

SD= Standard Deviation, η2= Partial Eta Square. 

 

As shown in Table 2, there was a significant difference in the trend of changes in each group at Baseline-Sixth week assessment 

phase on HDRS (F control= 34.69, P< 0.001; F Curcumin= 139.30, P< 0.001), Forward digit span (F control= 6.38, P= 0.014; F Curcumin= 104.45, P< 

0.001) and TMT.A (F control= 4.82, P= 0.032; F Curcumin= 41.16, P< 0.001) components (effect sizes ranging from 0.078 to 0.706) which 

indicates the ameliorating effect of interventions in both groups. Moreover, the trend of changes on Backward digit span (F Curcumin= 

4.89, P= 0.031) and TMT.B (F Curcumin= 4.09, P= 0.048), was significant only in the Curcumin group at Baseline-Sixth-week assessment 

phase (see appendix figures). 
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Continue Table 2 Results of within-subjects contrasts in cognitive functions and clinical symptoms based on grouping and 

assessment phases 

Scales Group 

Test of within subjects’ contrasts 

Level 1 Vs. Level 2 Level 2Vs. Level3 Level 1 Vs. Level3 

P η2 P η2 P η2 

Forward digit span 
Curcumin <0.001 0.643 <0.001 0.691 <0.001 0.830 

Control 0.014 0.102 <0.001 0.670 <0.001 0.433 

Backward digit span 
Curcumin 0.031 0.078 <0.001 0.668 <0.001 0.654 

Control 0.762 0.002 0.168 0.034 0.442 0.009 

TMT.A 
Curcumin <0.001 0.415 0.001 0.773 <0.001 0.745 

Control 0.032 0.079 0.024 0.088 <0.001 0.195 

TMT.B 
Curcumin 0.048 0.066 <0.001 0.576 <0.001 0.298 

Control 0.156 0.036 <0.001 0.315 0.017 0.098 

VFT. Letter 
Curcumin 0.427 0.011 0.001 0.604 <0.001 0.487 

Control 0.409 0.012 0.523 0.007 0.217 0.033 

VFT. Category 
Curcumin 0.067 0.056 <0.001 0.601 0.001 0.589 

Control 0.161 0.035 0.349 0.016 0.053 0.062 

TOL Score 
Curcumin 0.059 0.060 <0.001 0.417 <0.001 0.414 

Control 0.270 0.022 0.631 0.004 0.291 0.019 

HDRS 
Curcumin <0.001 0.706 <0.001 0.884 <0.001 0.932 

Control <0.001 0.383 <0.001 0.857 <0.001 0.839 

Note: TMT.A= Trial Making Task, VFT= Verbal Fluency Test, TOL= Tower of London, HDRS= Hamilton Depression Rating Scale, 

SD= Standard Deviation, η2= Partial Eta Square, Level 1= Baseline, Level 2= Sixth week of assessment, level 3= Twelfth week of 

assessment. Also, at Baseline-Twelfth-week assessment phase the trend of changes on Backward digit span (F Curcumin= 109.58, P= 

0.0001), VFT-letter (F Curcumin= 55.10, P< 0.001), VFT-category (F Curcumin= 83.04, P< 0.001), TOL-Score (F Curcumin= 40.95, P= 0.0001), was 

significant only in Curcumin group. On other components such as HDRS, Forward digit span, TMT-A and TMT-B, the pattern of 

changes in both groups was significance at the Sixth-Twelfth-week assessment phase (effect sizes ranging from 0.315 to 0.884) and 

Baseline-Twelfth-week assessment phase (effect sizes ranging from 0.195 to 0.932). 

 

Moreover, according to table 2, Curcumin group outperformed Control group on Forward digit span (F= 13.44, P= 0.001) and 

TMT.A (F= 4.16, P= 0.04) at sixth week assessment phase. In addition, Curcumin group scored lower than Control on HDRS at both 

sixth (F= 5.57, P= 0.02) and twelfth (F= 17.91, P= 0.001) week assessment phase. At twelfth week of assessment, Curcumin group 

outperformed Control group on Forward digit span (F= 45.64, P= 0.001), Backward digit span (F= 71.83, P= 0.001), TMT-A (F= 21.86, 

P= 0.001), TMT-B (F= 5.10, P= 0.01), VFT-Letter (F= 13.41, P= 0.001), VFT-Category (F= 16.69, P= 0.001) and TOL-Score (F= 30.57, P= 

0.001). Regarding the inflammatory markers, the results of time*group interaction effects (Pillai's Trace= 0.295, P< 0.001, F  (2, 113)= 

23.684, Partial Eta Squared= 0.295)indicated that there was a significant interaction between experimental groups (Curcumin & 

Active control) and assessment phases (Baseline, Twelfth week). 

 

Table 3 Results of within-subject’s contrasts in inflammatory markers based on grouping and assessment phases 

Scales Group 

Baseline 12th week-intervention 
Test of within subjects’ 

contrasts 

Mean ± SD P η2 Mean ± SD P η2 
Level1 Vs. Level 2 

P η2 

IL-6(Pg./ml) 
Curcumin 17.88±3.995 

0.31 0.009 
12.05±2.913 

<0.001 0.121 
<0.001 0.914 

Control 18.51±2.624 13.91±2.065 <0.001 0.926 

IL-1β(Pg./ml 
Curcumin 1.33±0.211 

0.64 0.002 
0.99±0.131 

<0.001 0.097 
<0.001 0.891 

Control 1.31±0.198 1.09±0.167 <0.001 0.876 

Note: IL-6= interleukin- 6, IL=1β= interleukin- 1beta, SD= Standard Deviation, η2= Partial Eta Square, Level 1= Baseline, level 2= 

Sixth week of assessment.  

 



MEDICAL SCIENCE l RESEARCH ARTICLE 

Medical Science, 26, ms72e2051 (2022)                                                                                                                                            7 of 12 

According to Table 3, there was a significant difference in trend of changes at Baseline-Sixth week assessment phase on IL-6 (F 

control= 699.88, P< 0.001; FCurcumin= 615.64, P< 0.001) and IL-1β (Fcontrol= 396.66, P< 0.001; FCurcumin= 476.55 P< 0.001) in both groups 

(appendix figures I & j), but the reduction in Curcumin group was significantly more than Control group on IL-6 (F= 15.66, P< 0.001) 

and IL-1β (F= 12.20, P< 0.001). 

 

4. DISCUSSION 

This study aimed to investigate the effects of Curcumin on cognitive functions and inflammatory markers of depression and 

compare these findings with a Control group. 

 

Cognitive Functions 

Regarding the cognitive functions, results showed that short-term memory (STM) which was measured by forward digit span, 

improved significantly at the Baseline-Sixth week assessment phase in both groups but, the performance of the Curcumin group 

was significantly better. At Baseline-Twelfth and Sixth-Twelfth week assessment phase, both groups showed a significant 

improvement in STM, but still, Curcumin group had significantly better performance (partial Eta squared effect size 0.286). These 

findings are consistent with Gorenstein et al., (2006). Also, Liu et al., (2014) showed that daily consumption of 10 mg/kg of 

Curcumin for 5 weeks increases the level of BDNF in the mice hippocampus and improves memory. 

In the working memory domain, which was measured by backward digit span, the Control group showed no significant 

changes at week sixth, but the Curcumin group improved significantly. Moreover, at Baseline-Twelfth and Sixth-Twelfth week 

assessment phase, only the performance of the Curcumin group improved significantly. This is consistent with Cox et al., (2015) 

that have shown the effect of Curcumin on improving working memory in healthy individuals. Therefore, more improvement of 

memory functions of the Curcumin group could be due to its effects on NFkB-BDNF positive feedback loop. Some researchers 

suggest that activation of this loop would accelerate recovery from clinical symptoms especially cognitive dysfunctions in MDD 

(Hurley et al., 2013).  

The processing speed was measured by TMT-A at Baseline-Sixth week assessment phase. Performance of both groups was 

significantly enhanced but the Curcumin group had more significant improvement. Similarly, at the Baseline-Twelfth and Sixth-

Twelfth week assessment phase, both groups had significant improvement, but changes in the Curcumin group were more 

prominent (Partial Eta squared effect size 0.161). This finding is consistent with the results of Mowla et al., (2016). They reported the 

positive effect of 6 weeks of sertraline consumption on the psychomotor function of 19 MDD patients.  

In the TMT-B, which requires higher-order levels of cognitive function, at the baseline-Sixth week assessment phase, only 

Curcumin group performance was significantly improved. In between group’s comparison, no significant difference was observed. 

Furthermore, at Baseline-Twelfth and Sixth-Twelfth week assessment phase, both groups showed a significant improvement, but 

the Curcumin group held its superiority (partial Eta squared effect size 0.026). Since the main brain executive function pathways are 

dopaminergic and curcumin exerts a regulatory role on these pathways (Cox et al., 2015), the better performance of the curcumin 

group in higher-level cognitive tasks could be explained.  

Verbal fluency also has two sub-components of letter and category. Verbal fluency measured by VFT showed no significant 

difference at Baseline-Sixth week in both groups. Also, no significant difference was observed between the groups. At Baseline-

Twelfth and Sixth-Twelfth week assessment phase, only performance of the Curcumin group was significantly improved. This 

finding is consistent with Fava (2006) based on the ineffectiveness of antidepressants on improving executive function. Regarding 

the association of IL-1β gene expression and circulating levels of its mRNA with verbal fluency impairment and Broca’s volume 

reduction in some psychiatric disorders and modulating effects of Curcumin on it, improvement of the verbal fluency in this group, 

could be expected (Fillman et al., 2016).  

In executive planning which was measured by Tower of London, at Baseline-Sixth week, no significant difference was found in 

both and between groups. At Baseline-Twelfth and Sixth-Twelfth week assessment phase, only the performance of the Curcumin 

group improved significantly. Moreover, based on within-group comparison the Curcumin group performance was significantly 

better than the Control group (partial Eta squared effect size 0.211). This finding could indicate the effect of Curcumin on the 

glutamatergic system. Lin et al., (2011) found that Curcumin was more potent in inhibiting glutamate release in the PFC region than 

SSRIs in rat. Glutamate is a stimulatory neurotransmitter in the brain that plays a key role in neuroplasticity, problem-solving 

abilities, and memory (McEntee et al., 1993).  
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Clinical Symptoms 

The results showed that at Baseline-Sixth week assessment phase, the mean score of depression decreased in both groups, but the 

Curcumin group showed more significant reduction than the Control group. It is consistent with the fact that sertraline as an SSRI is 

the first line treatment of MDD (Lydiard et al., 1999). At Baseline-Twelfth and Sixth-Twelfth week assessment phase, the mean score 

of depression in both groups decreased significantly, but the reduction in the Curcumin group was significantly more than the 

Control group (partial Eta squared effect size 0.382). This synergistic effect of Curcumin in reducing the clinical symptoms of 

depression could be through its effects on noradrenergic and dopaminergic pathways, beside of the serotonergic pathway (Patel 

Pankti, 2014). Moreover, Ramaholimihaso et al., (2020) showed that Curcumin changes the permeability of gastrointestinal barriers 

and thus can affect cerebral-intestinal signaling, so curcumin may indirectly alter the BBB permeability and thus increase the 

effectiveness of other medications while decreasing gut permeability to bacterial lipopolysaccharides. 

 

Inflammatory Markers 

In addition, inflammatory indices of IL-6 and IL-1β in both Curcumin and Control groups were significantly reduced; however the 

effect of intervention was more prominent in the Curcumin group. Recently, there was growing evidence that antidepressants such 

as Sertraline exert their effects at least to some extent by reducing inflammatory cytokines (Kappelmann et al., 2018). In addition, 

Obuchowicz et al., (2014), in their study on animal model of lipopolysaccharide induced depression, showed that Imipramine and 

Fluoxetine through regulation of microglia activation could reduce the production of inflammatory cytokines, especially IL-1β, in 

the central nervous system. Furthermore, Fan et al., (2019) showed the effect of consumption of 40 mg/kg curcumin for 5 weeks in 

reducing the expression and production of IL-1β and neuronal apoptosis in the ventromedial prefrontal cortex of rats. In addition, 

Ghandadi & Sahebkar (2017) in their review on the anti-inflammatory effects of Curcumin showed that Curcumin could reduce the 

level of IL-6 in a variety of inflammatory conditions. According to the innate anti-inflammatory effect of Sertraline itself, Curcumin 

and SSRIs would target inflammation through different mechanisms, especially specified that existing inflammation in MDD 

predicts resistance to treatment with SSRIs. 

 

5. CONCLUSION 

It seems that Curcumin as an antidepressant could accelerate the improvement of clinical symptoms, inflammatory markers and 

cognitive functions, especially the executive function, which may appear much later or not at all with conventional antidepressants. 

Furthermore, depression is an important risk factor for a variety of common neurodegenerative diseases, such as Alzheimer's 

disease. Curcumin not only could enhance the cognitive function of MDD patients but also may prevent the neuroprogression in 

this group of patients. Finally, although combination therapy has traditionally been discouraged in psychiatry because of the 

increased risk of drug interactions, at least in a subgroup of affected patients, it may be necessary to consider anti-inflammatory 

strategies in the management of depression, so further research is required. 
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Figure i Interleukin- 1B (IL-1B)       Figure j Interleukin-6 (IL-6) 

 

 

REFERENCES AND NOTES 

1. Agarwal & Agarwal. Ayurvedic Naturoceuticals: Evidence 

Based Data and Clinical Implications. Part III. Drug 

Discovery 2016;11(27):1-7 

2. American Psychiatric Association APA. Diagnostic and 

Statistical Manual of Mental Disorders (Fifth ed.). 2013. 

Arlington: Arlington, VA: American Psychiatric Publishing. 

3. Bortolato B, Miskowiak KW, Köhler CA, Maes M, Fernandes 

BS, Berk M, Carvalho AF.  Cognitive remission: a novel 

objective for the treatment of major depression? BMC MED 

2016; 14(1): 1-18.  

4. Carvalho AF, Miskowiak KK, Hyphantis TN, Kohler CA, 

Alves GS, Bortolato B, Sales MG, Machado-Vieira R, Berk M, 

S McIntyre R.  Cognitive dysfunction in depression–

pathophysiology and novel targets.CNS Neurol Disord-Dr 

2014; 13(10): 1819-1835.  

5. Constant EL, Adam S, Gillain B, Seron X, Bruyer R, Seghers 

A.  Effects of sertraline on depressive symptoms and 

attentional and executive functions in major depression. 

Depress Anxiety 2005; 21(2): 78-89. doi: https://doi.org/10.1 

002/da.20060 

6. Cox KH, Pipingas A, Scholey AB.  Investigation of the 

effects of solid lipid curcumin on cognition and mood in a 

healthy older population. J Psychopharmacol 2015; 29(5): 

642-651. doi: https://doi.org/10.1177/0269881114552744 

7. Daverey A, Agrawal SK.  Curcumin alleviates oxidative 

stress and mitochondrial dysfunction in astrocytes. 

Neuroscience 2016; 333: 92-103. doi: https://doi.org/10.1016/j 

.neuroscience.2016.07.012 

8. Ebrahimi A, Neshatdoost HT, Mousavi SG, Asadollahi GA, 

Nasiri H.  Controlled randomized clinical trial of spirituality 

integrated psychotherapy, cognitive-behavioral therapy and 

medication intervention on depressive symptoms and 

dysfunctional attitudes in patients with dysthymic disorder. 

Adv Biomed Res 2013; 2. doi: https://dx.doi.org/10.4103%2F2 

277-9175.114201 

9. Fan C, Song Q, Wang P, Li Y, Yang M, Yu SY. 

Neuroprotective effects of curcumin on IL-1β-induced 

neuronal apoptosis and depression-like behaviors caused by 

chronic stress in rats. Front Cell Neurosci 2019; 12: 516. doi: 

https://doi.org/10.3389/fncel.2018.00516 



MEDICAL SCIENCE l RESEARCH ARTICLE 

Medical Science, 26, ms72e2051 (2022)                                                                                                                                            11 of 12 

10. Fava M, Graves LM, Benazzi F, Scalia MJ, Iosifescu DV, 

Alpert JE, Papakostas GI.  A cross-sectional study of the 

prevalence of cognitive and physical symptoms during 

long-term antidepressant treatment. J Clin Psychiat2006; 

67(11): 1754-1759.  

11. Fillman SG, Weickert TW, Lenroot RK, Catts SV, 

Bruggemann JM, Catts VS, Weickert CS.  Elevated 

peripheral cytokines characterize a subgroup of people with 

schizophrenia displaying poor verbal fluency and reduced 

Broca's area volume. Mol Psychiatr 2016; 21(8): 1090-1098. 

doi: 10.1038/mp.2015.90 

12. Gałecki P, Talarowska M, Anderson G, Berk M, Maes M.  

Mechanisms underlying neurocognitive dysfunctions in 

recurrent major depression. Med Sci Monitor 2015; 21: 1535. 

doi: https://dx.doi.org/10.12659%2FMSM.893176 

13. Gałecki P, Talarowska M.  Inflammatory theory of 

depression. Psychiatr Pol 2018; 52(3): 437-447. doi: https:// 

doi.org/10.12740/pp/76863 

14. Ghandadi M, Sahebkar A.  Curcumin: an effective inhibitor 

of interleukin-6. Curr Pharm Design 2017; 23(6): 921-931. 

doi: https://doi.org/10.2174/1381612822666161006151605 

15. Ghasemian-Shirvan E, Shirazi SM, Aminikhoo M, Zareaan 

M, Ekhtiari H.  Preliminary normative data of Persian 

phonemic and semantic verbal fluency test. Iran J psychiatry 

2018; 13(4): 288. 

16. Gorenstein C, De Carvalho SC, Artes R, Moreno RA, 

Marcourakis T.  Cognitive performance in depressed 

patients after chronic use of antidepressants. 

Psychopharmacology 2006; 185(1): 84-92.  

17. Gualtieri CT, Morgan DW.  The frequency of cognitive 

impairment in patients with anxiety, depression, and 

bipolar disorder: an unaccounted source of variance in 

clinical trials. J Clin Psychiatry 2008; 69(7): 1122-1130. doi: 

10.4088/jcp.v69n0712 

18. Hannestad J, DellaGioia N, Gallezot J-D, Lim K, Nabulsi N, 

Esterlis I, Pittman B, Lee J-Y, O’Connor KC, Pelletier D.  The 

neuroinflammation marker translocator protein is not 

elevated in individuals with mild-to-moderate depression: a 

[11C] PBR28 PET study. Brain Behav Immun 2013; 33: 131-

138. doi: https://doi.org/10.1016/j.bbi.2013.06.010 

19. Harirforoosh S, Asghar W, Jamali F.  Adverse effects of 

nonsteroidal antiinflammatory drugs: an update of 

gastrointestinal, cardiovascular and renal complications. J 

Pharm Pharm Sci 2013; 16(5): 821-847. doi: https://doi.org/ 

10.18433/J3VW2F 

20. Herrera-Guzmán I, Gudayol-Ferré E, Herrera-Abarca JE, 

Herrera-Guzmán D, Montelongo-Pedraza P, Blázquez FP, 

Peró-Cebollero M, Guàrdia-Olmos J.  Major depressive 

disorder in recovery and neuropsychological functioning: 

effects of selective serotonin reuptake inhibitor and dual 

inhibitor depression treatments on residual cognitive 

deficits in patients with major depressive disorder in 

recovery. J Affect Disord 2010; 123(1-3): 341-350. doi: 

https://doi.org/10.1016/j.jad.2009.10.009 

21. Hurley LL, Akinfiresoye L, Nwulia E, Kamiya A, Kulkarni 

AA, Tizabi Y.  Antidepressant-like effects of curcumin in 

WKY rat model of depression is associated with an increase 

in hippocampal BDNF. Behav Brain Res 2013; 239: 27-30. 

doi: https://doi.org/10.1016/j.bbr.2012.10.049 

22. Ishaque A, Rafiq M, Ghani A, Sabir A, Manzoor E, Arshad S, 

Mustafa HS. Characterizing and evaluating the potential of 

turmeric to attenuate hypercholesterolemia through animal 

modeling. Discovery 2018;54(275):423-431 

23. Ji Y, Li W, Liu B, Liu J, Ju Y, Wang M, Chen Y, Li L.  Clinical 

characteristics of cognitive deficits in major depressive 

disorder: a 6-month prospective study. Arc Clin Psychiatr 

2020; 47(4): 101-105.  

24. Kappelmann N, Lewis G, Dantzer R, Jones PB, Khandaker 

GM.  Antidepressant activity of anti-cytokine treatment: a 

systematic review and meta-analysis of clinical trials of 

chronic inflammatory conditions. Mol Psychiatry 2018; 

23(2): 335-343. doi: 10.1038/mp.2016.167 

25. Krikorian R, Bartok J, Gay N.  Tower of London procedure: 

a standard method and developmental data. J Clin Exp 

Neuropsychol 1994; 16(6): 840-850. doi: 10.1080/01688639408 

402697 

26. Lin TY, Lu CW, Wang C-C, Wang Y-C, Wang S-J.  Curcumin 

inhibits glutamate release in nerve terminals from rat 

prefrontal cortex: possible relevance to its antidepressant 

mechanism. Prog Neuropsychopharmacol Biol Psychiatry 

2011; 35(7): 1785-1793. doi: https://doi.org/10.1016/j.pnpbp. 

2011.06.012 

27. Liu D, Wang Z, Gao Z, Xie K, Zhang Q, Jiang H, Pang Q.  

Effects of curcumin on learning and memory deficits, BDNF, 

and ERK protein expression in rats exposed to chronic 

unpredictable stress. Behav Brain Res 2014; 271: 116-121. doi: 

https://doi.org/10.1016/j.bbr.2014.05.068 

28. Lydiard RB, Perera P, Batzar E, Clary CM.  From the bench 

to the trench: a comparison of sertraline treatment of major 

depression in clinical and research patient samples. Prim 

Care Companion J Clin Psychiatry 1999; 1(5): 154. doi: 

10.4088/pcc.v01n0504 

29. McEntee WJ, Crook TH.  Glutamate: its role in learning, 

memory, and the aging brain. Psychopharmacology (Berl) 

1993; 111(4): 391-401. DOI: 10.1007/BF02253527 

30. Milne AM, MacQueen GM, Hall GB.  Abnormal 

hippocampal activation in patients with extensive history of 

major depression: an fMRI study. J Psychiatry Neurosci 

2012; 37(1): 28. doi: https://dx.doi.org/10.1503%2Fjpn.110004 

31. Mowla A, Dastgheib SA, Razeghian Jahromi L.  Comparing 

the Effects of Sertraline with Duloxetine for Depression 

Severity and Symptoms: A Double-Blind, Randomized 



MEDICAL SCIENCE l RESEARCH ARTICLE 

Medical Science, 26, ms72e2051 (2022)                                                                                                                                            12 of 12 

Controlled Trial. Clin Drug Investig 2016; 36(7): 539-543. doi: 

10.1007/s40261-016-0399-6 

32. Obuchowicz E, Bielecka AM, Paul-Samojedny M, Pudełko 

A, Kowalski J. Imipramine and fluoxetine inhibit LPS-

induced activation and affect morphology of microglial cells 

in the rat glial culture. Pharmacol Rep 2014; 66(1): 34-43. doi: 

10.1016/j.pharep.2013.08.002 

33. Ohlsson L, Gustafsson A, Lavant E, Suneson K, Brundin L, 

Westrin Å, Ljunggren L, Lindqvist D.  Leaky gut biomarkers 

in depression and suicidal behavior. Acta Psychiatr Scand 

2019; 139(2): 185-193. doi: https://doi.org/10.1111/acps.12978 

34. Orangi M, Atefvahid M, Ashayeri H.  Standardization of the 

revised Wechsler memory scale in Shiraz. IJPCP 2002; 7(4): 

56-66.  

35. Pasco JA, Jacka FN, Williams LJ, Henry MJ, Nicholson GC, 

Kotowicz MA, Berk M. Clinical Implications of the Cytokine 

Hypothesis of Depression. Psychother Psychosom 2010; 

79(5): 323-325. doi: https://doi.org/10.1159/000319530 

36. Patel Pankti S, Roy SP, Patel N, Gohil KJ.  Curcumin as an 

Antidepressant: A Review. J Pharmacogn Phytochem 2014; 

2(2).  

37. Rainey-Smith SR, Brown BM, Sohrabi HR, Shah T, Goozee 

KG, Gupta VB, Martins RN.  Curcumin and cognition: a 

randomised, placebo-controlled, double-blind study of 

community-dwelling older adults. Br J Nutr 2016; 115(12): 

2106-2113. doi: https://doi.org/10.1017/s0007114516001203 

38. Raison CL, Miller AH.  Is depression an inflammatory 

disorder? Curr Psychiatry Rep 2011; 13(6): 467-475. doi: 

10.1007/s11920-011-0232-0 

39. Ramaholimihaso T, Bouazzaoui F, Kaladjian A.  Curcumin 

in Depression: Potential Mechanisms of Action and Current 

Evidence-A Narrative Review. Front Psychiatry 2020; 11: 

572533-572533. doi: 10.3389/fpsyt.2020.572533 

40. Reynolds CR.  Comprehensive trail making test (CTMT). 

2002; 408.  

41. Rock P, Roiser J, Riedel W, Blackwell A.  Cognitive 

impairment in depression: a systematic review and meta-

analysis. Psychol Med 2014; 44(10): 2029. doi: https://doi.org/ 

10.1017/s0033291713002535 

42. Seddon N, D’Cunha NM, Mellor DD, McKune AJ, 

Georgousopoulou EN, Panagiotakos DB, Kellett J, 

Naumovski N.  Effects of Curcumin on cognitive function—

a systematic review of randomized controlled trials. ERHM 

2019; 4(1): 1-11. doi: https://doi.org/10.14218/ERHM.2018.0 

0024 

43. Setiawan E, Wilson AA, Mizrahi R, Rusjan PM, Miler L, 

Rajkowska G, Suridjan I, Kennedy JL, Rekkas PV, Houle S.  

Role of translocator protein density, a marker of 

neuroinflammation, in the brain during major depressive 

episodes. JAMA Psychiatry 2015; 72(3): 268-275. doi: 

doi:10.1001/jamapsychiatry.2014.2427 

44. Stevens JP. Intermediate Statistics: A Modern Approach, 

Third Edition. 2007. Routledge. 

45. Venneti S, Lopresti BJ, Wiley CA.  Molecular imaging of 

microglia/macrophages in the brain. Glia 2013; 61(1): 10-23. 

doi: https://doi.org/10.1002/glia.22357 

46. World Health Organization WHO. (2020). Health topic/ 

Depression. Retrieved Jan, 2020, from https://www.who.int/ 

news-room/ fact-sheets/ detail/ depression 

47. Yuan N, Chen Y, Xia Y, Dai J, Liu C. Inflammation-related 

biomarkers in major psychiatric disorders: a cross-disorder 

assessment of reproducibility and specificity in 43 meta-

analyses. Transl Psychiatry 2019; 9(1): 1-13. doi: https://doi.o 

rg/10.1038/s41398-019-0570-y 


