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Abstract: Li (lithium), a mood stabilizer has anti-inflammatory effect. However, in clinical practice, Li can be administered together 
with other antidepressants drugs, such as FLX (fluoxetine), IMI (imipramine), NOR (nortriptyline) and ESC (escitalopram). As 
interaction between Li and these antidepressant drugs on inflammatory modulation has not been investigated yet, we performed an in 
vitro protocol using a non-human macrophage cell line. Oxidative and inflammatory markers, as well as cell cycle analysis and 
cytokine gene expressions were compared among treatments. An IR (inflammatory ratio) was calculated based on the following 
oxidative-inflammatory variables: nitric oxide, superoxide anion, reactive oxygen molecules, cytokines IL-1β, IL-6, TNF-α and IL-10. 
The in vitro calculated IR data were validated through an in vivo analysis of 154 human subjects with similar IR. Li and control cells 
presented similar IR values. FLX, NOR and IMI increased slightly IR values indicating some proinflammatory effect, whereas ESC 
decreased IR values indicating some anti-inflammatory effect. However, cells exposed to Li + ESC triggered a proinflammatory 
response on macrophages. Thus, IR comparison results suggest that the Li anti-inflammatory effect is not universal and could be 
influenced by both basal macrophage-inflammatory state and interaction of other psychiatric drugs. These results could be useful to 
understand some inconsistencies observed in human studies involving Li and other psychiatric drugs.  
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1. Introduction 

Li (lithium) is used to treat bipolar disorder for 

decades and remains the gold standard in the treatment 
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of this psychiatric disease, presenting efficacy to 

control manic and depressive symptoms and also to 

prevent recurrence of mood alterations and suicide 

risk [1-3]. Studies also reported that Li treatment 

could reduce prevalence of some neurological and 

cardiovascular morbidities, including myocardial 

infarction [4-6].  
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Despite the exact biochemical, mechanism by 

which Li exerts mood stabilization it is not totally 

elucidated. A potential causal action of Li on bipolar 

disorder could involve effect on neurotransmitter 

signalling, adenylyl cyclase system, signalling on 

inositol phosphate and protein kinase, metabolism of 

arachidonic acid [1] and also in inflammatory 

metabolism [7].  

In fact, some psychiatric diseases, including bipolar 

disorder have been associated with chronic 

neuroinflammation status with increase of 

proinflammatory cytokines levels in blood peripheral 

circulation [8, 9]. Li seems to present 

anti-inflammatory effect by inhibition of GSK-3 

(glycogen synthase kinase-3), that when is 

hyperactivated contributes to establish chronic 

inflammation patterns [10, 11], and also reducing 

significantly some proinflammatory cytokines such as 

interleukin IL-1β, IL-6 and TNF-α produced by 

macrophages, neutrophils and/or dendritic cells [12]. 

However, whether Li anti-inflammatory effects have 

some influence of other environmental and 

pharmacological factors is an open question.  

In clinical practice, Li is often added to 

antidepressants drugs, mainly as strategy to treat 

refractory depression and to accelerate antidepressant 

response of some drugs such as FLX (fluoxetine), IMI 

(imipramine), NOR (nortriptyline) and ESC 

(escitalopram) [13-17]. 

However, there are some controversial results about 

Li beneficial effects by inflammatory modulation [18], 

and we cannot exclude that controversies could be 

associated with potential intervenient variables that 

could interfere in the results or in their interpretation, 

such as genetic factors that act on inflammatory 

modulation [19-21]. 

Inconsistences between in vitro and in vitro or in 

vitro and in vivo data previously published in the 

literature also could be associated with the fact that 

inflammatory metabolism involves a dynamic cascade 

of events orchestrated by several self-related 

proinflammatory and anti-inflammatory molecules. 

Therefore, some drugs could trigger temporal 

changing in inflammatory cascade, but the final result 

to be similar making it difficult to interpret data. In 

some studies, particularly in vitro protocols that are 

not other inflammatory markers to use as reference, 

such a C-reactive protein produced by liver, oxidative 

and inflammatory markers are generally analysed in 

isolation and did not represent the global 

inflammatory status (or proinflammatory, balanced or 

anti-inflammatory condition) [22-26].  

In this context, the aim of present study was to 

evaluate potential interference of some antidepressive 

drugs on Li anti-inflammatory effect. Therefore, we 

performed an in vitro investigation to evaluate the 

potential interaction between Li and antidepressant 

drugs (FLX, NOR, IMI and ESC) on inflammatory 

response, and to avoid interference of the two limiting 

aspects described above, we use a non-human 

macrophage cell line (RAW 264.7) to avoid some 

interference of genetic, lifestyle and healthy conditions 

factors in the results, and we compared data from an IR 

(inflammatory ratio) that was calculated base in six 

oxidative-inflammatory markers [NO (nitric oxide), 

superoxide anion, ROS (reactive oxygen molecules), 

cytokines IL-1β, IL-6, TNFα) and IL-10, an 

anti-inflammatory cytokine. The IR used in the in vitro 

protocol, was also validated by a complementary in 

vivo analysis with subjects who took blood samples to 

assess laboratorial presence of some body 

inflammation.  

2. Material and Methods 

2.1 Cell Culture Conditions and Experimental Design 

No-activated murine RAW 264.7 macrophages 

(ATCC TIB-71) were used as in vitro experimental 

model. We choose to perform the analysis using a 

non-human cell line to avoid any potential genetic 

interference in the results obtained from drug 

treatments. The cells were cultured with DMEM 

medium supplemented with 10% FBS (fetal bovine 
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serum), penicillin (100 U/mL), and streptomycin  

(100 mg/mL). All experiments were performed at 

37 °C and 5% CO2 incubator and were three times 

replicated. Initially, 1 × 105 cells were seeded in 6-well 

plates and allowed to adhere for 24 h. All reagents used 

in cell culture are from Sigma Aldrich (USA), whereas 

experiments were performed using commercial 

formulations of each psychiatric drugs tested here. All 

experiments were performed in triplicate. 

Therapeutic concentrations of each drug recognised 

as effective in the treatment of depressive symptoms 

[27] were adapted to cell culture conditions. Curve 

concentration of these drugs was constructed by 

analysis of two lower and two higher concentration 

related to therapeutic dose of each drug: Li = 0.17, 0.35, 

0.7, 1.4 and 2.8 mEq; IMI = 50, 100, 200, 400 and 800 

ng/mL; NOR = 25, 10, 100, 200 and 400 ng/L;  FLU = 

50, 100, 200, 400 and 800 ng/mL; ESC = 12.5, 25, 50, 

100 and 200 µg/L). PHA (phytohemaglutin) as positive 

control of macrophages inflammatory response at 40 

µg/mL concentration. PHA is a lectin antigen found in 

some plants that is able to induce mitosis and 

inflammatory response in immune cells [21].  

The following parameters were used to evaluate the 

potential inflammatory modulation by psychiatric 

drugs on 72 h cell culture RAW macrophages: cell 

viability and proliferation; quantification of the 

oxidative markers NO (nitric oxide); superoxide anion, 

ROS (reactive oxygen species) and IL-1β, IL-6, TNFα 

and IL-10 cytokines levels. The pharmacogenomics 

effect of drugs on gene modulation of cytokines studied 

here was investigated by qRT-PCR.  

2.2 IR (Inflammatory Ratio) Analysis 

IR was calculated from the follow equation: IR=    

[% of control of proinflammatory markers] / [% of 

control of IL-10 cytokine x 6]. The following six 

proinflammatory markers were included in the 

equation: NO, Superoxide anion, ROS levels, and 

cytokines levels IL-1β, IL-6, TNFα. The sum of 

proinflammatory markers was divided by IL-10 (% of 

control and multiplicated by six), since were evaluated 

six proinflammatory markers in order to obtain a 1 ratio. 

Equation applied to control cells found value 1 since all 

variables are considered as 100%. Considering 

standard errors related to some variation on 

experimental conditions, treatments with values below 

1 (> 0.8) were considered with anti-inflammatory 

effect, whereas treatments with values > 1.2 were 

considered with proinflammatory. Values between 

0.81 and 1.19 were considered similar to untreated cells. 

The IR use decreased potential variations in the 

moment of inflammatory cascade decreasing data 

misinterpretation.  

As in vitro analysis presents some methodological 

constraints, we tried to validate IR using a 

complementary in vivo human was performed to 

confirm the association between inflammatory status of 

IR values by comparison with CRP (C-reactive protein) 

levels. We performed this comparison because CRP 

considering an important marker of inflammation, 

being synthetized by the liver in response to factors 

released mainly by macrophages, such as IL-6 [28]. 

Elevated CRP levels have been associated with 

psychiatric disorders, including bipolar disorder and 

some investigations also suggested that CRP could be 

modulated by Li and antidepressant drugs [29].  

The cytokines and CRP levels were analysed from 

information of 154 subjects previously enrolled in a 

broader research project in which the 

gene-environmental interaction associated with the 

aging processes and chronic diseases (genesis project) 

developed in free-living populations in southern Brazil 

region by Biogenomic Lab from Federal University of 

Santa Maria (UFSM, RS, Brazil). Details are described 

in Duarte [30, 31], that evaluated association between a 

single nucleotide polymorphism (SNP, rs 4880) 

located in the superoxide dismutase manganese 

dependent enzyme (Val16Ala-SOD2) with 

no-hypercholesterolemic and hypercholesterolemic 

subjects and also evaluated the potential 

pharmacogenetic effect of this polymorphism on 
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rosuvastatin treatment. IR of each human subject was 

calculated from the following equation: IR = 

[IL-1β+IL-6+ TNFα]/[IL-10 × 3]. Human Ethics 

Committee of each university (UFSM, number 

23081.009087/2008) approved the study. In the 

occasion of prior data collection, all participants gave 

written informed consent prior to participating in this 

study.  

2.3 Laboratorial Analysis 

All analyses involving measurement of absorbance 

or fluorescence were performed with SpectraMax i3x 

Multi-Mode microplate reader (Molecular Devices- 

Sunnyvale, CA- USA). Cell viability and proliferation 

were firstly determined by the MTT (3- 

[4,5dimethylthiazol-2-yl] -2,5-diphenyltetrazolic 

bromide) reduction spectrophotometric assay [32] and 

flow cytometry (Accuri BD C6, Franklin Lakes, 

NJ-USA) described in Azzolin [33].  

The quantification of NO and Superoxide anion was 

performed by spectrophotometry using methods 

previously described in the literature respectively for 

Jung and Morabito [34, 35]. The ROS production was 

determined using the 2′-7′-dichlorofluorescein 

diacetate (DCFDA) fluorimetric assay according to 

Barbisan [36].  

The cytokines (IL-1β, IL-6, TNFα and IL-10) in the 

cell culture supernatants were measured, according to 

the manufacturer’s instructions; following previously 

described methodological details [34] in Jung [34], 

2016. The gene expression of these cytokines was 

determined by quantitative real time PCR (qRT-PCR) 

analysis by Rotor-Gene Q 5plex HRM System 

(QIAGEN, Hilden-Germany). Total RNA of each 

treatment was extracted using Trizol (Thermo Fisher 

Scientific Waltham, MA-USA). To perform reverse 

transcription, RNA was added to the samples of RNA 

(1,000 ng/µL) with 0.2 µL of DNAase (Invitrogen Life 

Technologies, USA) at 37 °C for 5 minutes, followed 

by heating at 65 ºC for 10 minutes. The cDNA was 

generated with 1 µL of Iscript cDNA and 4 µL of Mix 

Iscript (Thermo Fisher Scientific Waltham, MA-USA) 

according to the following reaction conditions: 5 ºC for 

10 minutes, 25 ºC for 5 minutes, 85 ºC for 5 minutes 

and finally 5 °C for 60 minutes.  

The qRT-PCR was conducted under the following 

reaction conditions: 95 °C for 3 min followed by 40 

cycles of 95 °C for 10 s, 60 °C for 30 s followed by a 

melt curve of 60 °C to 90 °C in 0.5 °C increments for 5 

s. The q RT-PCR reactions of each sample were made 

in triplicate, using 1 µM of each primer, 1,000 ng/µL of 

cDNA, RNAase-free water and 2× QuantiFast 

SYBR® Green PCR Master Mix (QIAGEN 

Biotechnology, Germany), in a final volume of 20 µL. 

The beta-actin gene was used as a housekeeping gene, 

and its expression level was used as an internal control. 

The relative expression was calculated using the 

comparative CT (Citosine-Timine) and was expressed 

as the fold expression compared to the control. 

The specific primer pairs of cytokines are presented 

used in this study were: IL-1β Forward 

GCGGCATCCAGCTACGAAT and Reverse ACC 

AGCATCTTCCTCAGCTTGT; IL-6 Forward 

TACCCCCAGGAGAAGATTCCA and Reverse 

CCGTCGAGGATGTACCGAATT; TNF-α Forward 

CAA CGGCATGGATCTCAAAGAC and Reverse 

TATGGGCTCATACCAGGGTTTG; IL-10 Forward 

GTGATGCCCCAAGCTGAGA and Reverse 

TGCTCTTG TTTTCACAGGGAAGA. 

The effect of the treatments on gene modulation was 

also evaluated comparing the rate of pro-inflammatory 

cytokine gene expression (PI) in relation to 

anti-inflammatory IL-10 expression (AI). The 

maximum value of PI/AI rate considered was 10 times 

higher than the control group, in order to construct an 

elucidative graph. However, when the rate was higher 

than 10 times, this information was cited in the results 

section, below.  

2.4 Statistical Analysis 

The in vitro statistical analyses were conducted 

employing GraphPad Prism 5 software. Data from each 



Antidepressant Drugs Modulate Differentially Anti-inflammatory Lithium’s Property:  
An in Vitro and in Vivo Study 

  

291

variable in the treatments and from IR were compared 

using one-way ANOVA (analysis of variance), 

followed by the Tukey or Dunnet post hoc tests. The 

results of these analyses were expressed as mean ± 

standard deviation. In order to confirm that IR could 

represent an actual information of human blood 

inflammatory status, this ratio was calculated a sample 

subjects that are categorized in two groups: NI 

(non-inflammation) and with some IC (inflammatory 

condition) using CRP > 0.6 μl/L as cut-off point 

reference. IR values comparison between NI and IC 

subjects was used to determine sensitivity, specificity, 

predictive value of IR values by ROC (receiver 

operating characteristic) curve analysis. The value of 

area under the curve (AUC) consider predictive was > 

0.70. From this analysis and percentile distribution an 

IR cut-off point was determined and frequency 

distribution between NI and IC was compared by 

chi-square analysis. OR (odds ratio) and respective 95% 

confidence interval to IC present higher IR values was 

also calculated. A multivariate logistic regression 

analysis (Backward Wald method) was also used to 

determine the potential influence of sex and age on 

association of IR values and IC estimated by higher 

CRP levels. Results from in vitro and in vivo analyses 

with p < 0.05 were considered statistically significant.  

3. Results 

Initially, cytotoxic effects of Li and antidepressant 

drugs tested here were evaluated. Any drug decreased 

significantly macrophage viability except when cells 

were exposed to higher ESC concentrations (Fig. 1). 

PHA-activated macrophages did not change the 

viability when compared to no-activated control group 

(data no shown). 

All Li concentrations tested here did not change 

cellular proliferation in 72 hours cultures when 

compared to control group (Fig. 2) using MTT assay. 

Similar to Li, isolated antidepressant drugs at estimated 

therapeutic concentrations did not change significantly 

the cell proliferation pattern. However, higher FLX 

concentrations triggered increase of macrophage 

proliferation. At contrary, a lowering effect on cell 

proliferation  was observed  when macrophages  were 
 

 
Fig. 1  Li (lithium) and antidepressant drugs (FLX = fluoxetine; NOR = nortriptyline; IMI = imipramine; ESC = 
escitalopram) effect on RAW macrophages in 24 hours cell cultures. Concentrations of each drug were determined by 
estimative of plasmatic TD (therapeutic dose) (LI = 0.7 ME/L; FLX = 100 ng/L, NOR = 100 ng/L, IMI = 200 ng/mL and ESC = 
50 ng/L) and two lower (-2, -1) and two higher (1 -2) concentrations, that represented under and super dosing. Treatments 
were statistically compared by Anova One-Way followed by Tukey post hoc test. Concentrations with significant differences 
were calculated by post hoc test (p < 0.05). *** p < 0.0001. 
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Fig. 2  Effect of Li and antidepressant drugs on 72 hours cell culture proliferation of macrophages RAW 264.7 measured by 
MTT assay. Concentrations of each drug were determined by estimative of plasmatic therapeutic dose (Li = 0.7 ME/L; FLX = 
100 ng/L, NOR = 100ng/L, IMI = 200 ng/mL and ESC = 50 ng/L) and two equal and lower and two equal and higher 
concentrations, that represented under and super dosing, respectively. Treatments were statistically compared by Anova 
One-Way followed by Tukey post hoc test. Concentrations with significant differences calculated by post hoc test (p < 0.05) 
were identified by different letters.  
 
 
 



Antidepressant Drugs Modulate Differentially Anti-inflammatory Lithium’s Property:  
An in Vitro and in Vivo Study 

  

293

 

treated with higher NOR and ESC concentrations    

(p < 0.01). Not all concentrations of IMI affected 

macrophages proliferative rate.  

As expected PHA-activated macrophages presented 

a significant increase of cellular proliferation (127.3 ± 

3.2%) than untreated cells. However, any treatment 

showed similar proliferative rate than activated 

macrophages PHA exposed when compared to Control 

group. 

From these results, we performed all complementary 

analysis using just estimated therapeutic 

concentrations of Li (0.7 ME/L) and each 

antidepressant drug (FLX = 100 ng/L, NOR = 100 

ng/L, IMI = 200 ng/mL and ESC = 50 ng/L).  

Interaction between Li and antidepressant drugs on 

cell proliferation was also evaluated by flow cytometry 

analysis in 72 h cell cultures. In this analysis, we 

compared Li plus antidepressant drugs in relation to 

untreated and PHA-activated macrophages. Li 

presented similar frequency of S-phase cells than 

Control group. However, as can see in Fig. 3, FLX, IMI 

and ESC increased frequency of S phase cells that 

indicate a proliferative state. NOR did not change this 

frequency when compared to C group.  

Interaction between Li+FLX and Li+IMI decreased 

the frequency of S-phase cells, whereas interaction 

between Li+NOR or Li+ESC triggered increase in the 

frequency of S-phase cells.  

The levels of oxidative metabolism markers related 

to inflammatory response were also compared among 

treatments and results are presented in Fig. 4. NO 

levels of Li, Li+NOR and Li+IMI were similar to 

Control group. FLX, Li+FLX and ESC induced a slight 

increase of NO levels. Cells Li+ESC exposed showed 

moderate NO levels, whereas NOR and IMI exposure 

triggered higher NO levels than Control group. In 

relation to superoxide, cells Li or Li+ESC treated 

presented a slight increase of this oxidative molecule. 
 

 
Fig. 3  Effect of Li and antidepressant drugs on macrophage cell cycle evaluated by flow cytometry. A representative flow 
cytometry cell cycle analysis of each antidepressant drug is showed plus graphic bars representing % of cells in S-phase cycle. 
Concentrations of each drug were determined by estimative of plasmatic therapeutic dose (Li = 0.7ME/L; FLX = 100 ng/L, 
NOR = 100ng/L, IMI = 200 ng/mL and ESC = 50 ng/L. Treatments were statistically compared by Anova One-Way followed 
by Tukey post hoc test. * p < 0.05; ** p <001, *** p < 0001.  
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Fig. 4  Effect of Li and antidepressant drugs on 72 hours cell culture proliferation of macrophage RAW 264.7 on three 
oxidative markers: NO (nitric oxide), superoxide and ROS (reactive oxygen species). Concentrations of each drug were 
determined by estimative of plasmatic therapeutic dose (Li = 0.7 ME/L; FLX = 100 ng/L, NOR = 100 ng/L, IMI = 200 ng/mL 
and ESC = 50 ng/L) Treatments were statistically compared by ANOVA One-Way followed by Tukey post hoc test. Different 
letters identified concentrations with significant differences calculated by post hoc test (p < 0.05).  
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Cells NOR, Li+NOR, IMI and Li+IMI exposed did not 

change superoxide levels when compared to Control 

group. FLX, Li+FLX and ESC exposure triggered 

higher superoxide levels than Control group. ROS 

levels were similar to Control group when exposed to 

Li, NOR and IMI treatments. Li+NOR, Li+IMI and 

Li+ESC had a lowering effect on ROS levels. At 

contrary, FLX, Li+FLX present a slight increase in 

ROS levels than Control group.  

As expected PHA-activated cells presented higher 

levels of NO (123.4 ± 4.5 % of control), superoxide 

(133.7 ± 5.2% of control) and ROS (147.6 ± 3.8% of 

control).  

Results of cytokine levels and gene expression 

analysis are shown in Fig. 4, and presented differential 

pattern according to treatment with and without Li 

exposure.  

Cells treated With Li presented similar IL-1β levels 

than Control group. All antidepressant drugs increased 

the levels of this proinflammatory cytokine. Li exposed 

concomitantly with FLX, IMI and ESC decreased 

partially IL-1β levels in relation to cells just treated 

with these drugs. However, this effect was not 

observed in cells NOR exposed, that in the Li presence 

remained with higher IL-1β levels. IL-1β gene was 

downregulated in cultures Li, Li+FLX and Li+ESC 

exposed. All treatments triggered up regulation of this 

gene. However, the intensity of over expression was 

attenuated in Li+NOR and Li+IMI than cells treated 

with these isolated antidepressant drugs (NOR and IMI) 

(Fig. 5A). 

A higher concentration of IL-6 in comparison of 

Control group was observed in cells Liu-exposed. 

However, these levels were lower than cells exposed to 

antidepressant drugs. Concomitant treatment with Li 

decreased the IL-6 levels of all drugs tested here. 

Except for Li+NOR, all treatments triggered up 

regulation of IL-6 gene when compared to Control 

group. However, the high gene expression was 

attenuated when cells were concomitantly treated with 

Li+FLX, Li+IMI and Li+ESC (Fig. 5B). 

A lowering effect on TNF-α levels was observed 

when cells were just Li exposed, whereas all 

antidepressant drugs presented higher levels of this 

proinflammatory cytokines when compared to Control 

group. Concomitant Li exposure decreased partially 

TNF-α levels triggered by FLX, IMI and ESC drugs. 

Again, in the presence of Li, cells NOR exposed 

maintained similar high levels of TNF-α. Gene 

expression analysis showed TNF-α downregulation in 

cells Li, FLX and Li+FLX treated. NOR and IMI 

caused up regulation of this gene, but this effect was 

reverted in the Li presence to levels similar to untreated 

cells (Control group).  

Li+ESC treatment also decreased intensity of TNF-α 

up regulation found in cells just ESC exposed     

(Fig. 5C). 

Li and antidepressant drugs effect on IL-10, an 

anti-inflammatory cytokine was also investigated. 

When cells were just Li exposed IL-10 levels remained 

similar to Control group. FLX was the drug that trigger 

higher IL-10 levels than other treatments, that was 

slight attenuated in the presence of Li. The other drugs 

presented lowering effect on IL-10 levels, that was 

attenuated in the presence of Li. All treatments 

triggered up regulation of IL-10 gene, except when 

Li+NOR exposed, that showed downregulation of this 

gene (Fig. 5D). 

Activated-macrophages showed higher levels of all 

proinflammatory cytokines and lower IL-10 levels than 

control group. This treatment also triggered up 

regulation of IL-1β, IL-10 and TNF-α cytokines genes 

and downregulation of IL-10 gene. In relation of PHA 

treatment, any Li and antidepressant drugs did not 

present similar results or these effects presented an 

intermediary pattern (data no shown).  

As isolated results did not show a clear 

pro-inflammatory or anti-inflammatory pattern related 

to Li plus antidepressant drugs, IR was calculated and 

compared among treatments. In the in vitro protocol 

PHA-activated macrophages were used as reference of 

a pro-inflammatory  response in  72 hours cell cultures, 



Antidepressant Drugs Modulate Differentially Anti-inflammatory Lithium’s Property:  
An in Vitro and in Vivo Study 

  

296

 

 
Fig. 5  Effect of Li and antidepressant drugs on 72 hours cell culture proliferation of macrophage RAW 264.7 on four 
cytokines: IL-1β, IL-6, TNFα, IL-10. Concentrations of each drug used here were estimated from an expected plasmatic 
therapeutic dose (Li = 0.7 ME/L; NOR = 100 ng/L, FLX = 100 ng/L, IMI = 200 ng/mL and ESC = 50 ng/L). Treatments were 
statistically compared by ANOVA One-Way followed by Tukey post hoc test. Different letters identified concentrations with 
significant differences calculated by post hoc test (p < 0.05). Gene expressions of each cytokine are represented by coloured 
squares and were determined using untreated control group as reference to calculate the relative mRNA expression. The 
expression level of beta-actin was used as an internal control (housekeeping gene). 
 

and as expected PHA-activated macrophages presented 

higher (IR = 2.97 ± 0.04) than control group. However, 

other treatments did not show similar results found in 

PHA exposure.  

In non-activated macrophages tested here, Li 

exposure showed IR similar to untreated cells—Control 

group (IR = 1.02 ± 0.02). In general, cells treated with 

isolated antidepressant drugs presented a slight elevation 

of IR levels, which did not exceed 1.5 times their value 

in relation to control group. Concomitant Li and FLX, 

NOR and IMI decreased significantly IR values when 

compared with cells exposed with these isolated 

antidepressants. On the other hand, higher IR values 

were observed in Li+ESC when compared with control 

group and cells just ESC exposed (Fig. 6). 

A complementary analysis using in vivo data was 

performed to evaluate if a similar (but not equal) IR 

could represent an actual inflammatory state of human 
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Fig. 6  Comparison of IR (inflammatory ratio) calculated by equation: [NO+Superoxide+ROS+IL1β+IL6+TNFα]/ [IL-10 × 6] 
in cells exposed to Li and four antidepressant drugs. Concentration of each drug used here was estimated from an expected 
plasmatic therapeutic dose (Li = 0.7 ME/L; NOR = 100 ng/L, FLX = 100 ng/L, IMI = 200 ng/mL and ESC = 50 ng/L) 
Treatments were statistically compared by Student t test.  
 

Table 1  Characteristic baselines of sample subjects used to calculate IR from blood peripheral cytokines levels categorized by 
CRP levels.  

Variables CRP groups 

 NI Group IC Group 

 Mean ± SD Median Mean ± SD Median 

CRP (μl/L) 0.37 ± 0.14 0.35 1.99 ± 1.6 1.15 

IL-1β (ng/mL) 93.7 ± 74.0 83.0 199.7 ± 80.5 165.5 

IL-6 (ng/mL) 117.3 ± 78.7 105.0 224.7 ± 87.9 179.0 

TNFα (ng/mL) 137.9 ± 83.5 134.0 247.9 ± 92.5 213.0 

IL-10 (ng/mL) 64.3 ± 18.7 59.0 56.19.9 53.0 

IR value# 2.2 ± 2.0 3.0 4.9 ± 3.3 1.5 

SD = standard deviation; IR = inflammatory ratio calculated by equation: IR = [IL-β+IL-6+TNFα]/[IL-10*3]. Comparison between 
two groups showed that all variables had p < 0.001 determined by p by Mann-Whitney non-parametric test since values did not present 
a normal distribution calculated by Kolmogorov-Smirnoff test.  
 

patients. Initially we categorized sample by CRP using 

a cut-off point of 0.6 μl/L in NI and IC groups, and we 

compared the main cytokines levels analysed here and 

IR values (Table 1). Results showed that 

proinflammatory cytokine levels and IR values were 

higher in IC group, whereas IL-10 levels were lower 

than NI group.  

An ROC analysis was applied to evaluate the 

accuracy of diagnosis based on the identified potential 

association between CRP inflammatory marker and IR 

values. The AUC (area under the curve) of ROC to   

IR was 0.803 (0.715-890 95%CI) (Fig. 7A). From ROC  

 

curve and percentile distribution we established an IR 

cut-off point = 2. This IR value was related to a 

sensibility = 0.915 and specificity = 0.486. Comparison 

of frequencies showed higher association between NI 

and IC groups (Fig. 7B). Odds ratio showed that 

subjects with IR > 2.0 presented a chance belongs to IC 

than NI group. The calculated OR showed 4.041 

(1.687-9.681 95%CI) times higher chance of IC group 

has higher IR higher than 2 values than NI group. A 

multivariate analysis showed that association between 

higher CRP levels and IR values was independent of 

sex and age of sample.  

 



Antidepressant Drugs Modulate Differentially Anti-inflammatory Lithium’s Property:  
An in Vitro and in Vivo Study 

  

298

 

 
Fig. 7  Analysis of IR values in human subjects. (A) ROC curve showing that accuracy of IR values to predict inflammatory 
status using as reference CRP levels, constructed from data of 154 human subjects (AUC = area under de curve > 0.8); (B) 
Comparison of PCR categories (IC = inflammatory condition and NI = non-inflammatory condition) frequency and 
inflammatory ratio (IR) < and > 2 value by chi-square test.  
 

4. Discussion 

The present investigation analysed if the Li 

anti-inflammatory effect could be maintained on Li 

interaction with four antidepressant drugs used in the 

psychiatric clinical practice. The whole of results 

evaluated mainly by IR values, suggested that Li 

maintained similar inflammatory balance that found in 

untreated non-activated macrophage cells, but this 

effect was substantially changed in the presence of 

antidepressant drugs. When Li interacted with FLX, 

NOR or IMI drugs an anti-inflammatory effect was 

detected. At contrary, the interaction between Li and 

ESC triggered increase in the IR values suggesting a 

proinflammatory effect.  

Before we discuss more deeply these results it is 

important to point out that data described here were 

obtained using a novel methodological strategy, in 

order to decrease misinterpretation of results and 

clarify the whole of data obtained in the experiments. 

In this strategy, we used a murine RAW 264.7 

macrophage cells. Its cell line is popular mainly in 

exploratory experiments about putative biological 

agents or drugs [37]. However, there are some 
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investigations that consider this cell line not so good to 

evaluate inflammatory response, since it is usually 

slow to respond to stimulation and often constitutively 

exhibit high levels of cytokines in the absence of 

stimulant, including high levels of IL-1β and TNF-α 

[38]. Despite these limitations we believe that RAW 

cells could be useful in the in vitro studies considering 

some important methodological points, such as 

conducted analysis just in 72 hours cell cultures and 

considering as basal reference of cytokines and other 

molecules levels as found in untreated control cells 

cultured concomitantly to treatments and in the same 

conditions. We also believe that use of IR analysis can 

help to decrease methodological concerns related to 

use of macrophage RAW 264.7 cells in vitro protocols.  

We also avoid using PBMCs (peripheral blood 

mononuclear cells), because human beings present 

some genetic variations that could affect inflammatory 

response, such as Val16Ala-SOD2 SNP that changes 

the efficiency of superoxide dismutase manganese 

dependent (SOD2) that is key enzyme in the control of 

superoxide levels produced into mitochondria. 

Particularly, VV genotype present is associated with 

metabolic diseases, such as hypercholesterolemia, 

obesity diabetes mellitus complications [19], and 

resistance anti-inflammatory and antioxidant effect 

related to rosuvastatin intake by hypercholesterolemic 

subjects [31]. A recent in vitro study performed by 

Barbisan [21] suggested that basal 

superoxide-hydrogen peroxide imbalance associated 

with Val16Ala-SOD2 SNP could affect the intensity of 

immunosenescence markers, and that especially 

VV-cells were associated with higher proinflammatory 

cytokine levels. The genetic variation that causes 

superoxide-hydrogen peroxide imbalance or other 

biochemical alterations could affect the immune cells 

response and have some impact on results obtained and 

its interpretation. Moreover, there are in vitro studies 

showing differential response of PBMCs carrying 

different Val16Ala-SOD2 genotypes to different 

environmental, nutritional and pharmacological agents 

[36, 39-43].  

In the in vitro protocol, the macrophage activation 

was confirmed by use of PHA-antigen to trigger 

inflammatory response and increase the oxidative and 

cytokine levels, cellular proliferation, upregulation of 

proinflammatory cytokines genes and down regulation 

of IL-10 gene. For this reason, PHA-cells presented 

higher IR values (> 2.5) when compared with untreated 

cells and cells Li and antidepressant drugs exposed. As 

results observed from cell proliferation and gene 

modulation were heterogeneous, we solved to not 

include these variables in IR equation, and just use 

them to confirm macrophage inflammatory status.  

Moreover, the use of these would make it impossible 

to validate in vitro IR data by similar analysis in human 

beings. In fact, we performed a complementary in vitro 

study using similar IR equation and CRP as reference 

of subject’s inflammatory condition.  

IR was organized based in similar analytic strategies 

used to evaluate other biological, ecological and health 

biomarkers parameters such as: apoptosis/cell 

proliferation balance by BAX/Bcl-2 gene expression 

ratio (x), and Jaccard index, also known as Intersection 

over Union and the Jaccard similarity coefficient 

(Jaccard, 1991). We considered important to use an IR 

to compare antidepressive effect on anti-inflammatory 

action triggered by Li exposure, because sometimes 

there are minor differences in the inflammatory 

cascade that could interfere in analysis of results or 

increase a subjective interpretation about inflammatory 

modulation.  

The results found in the protocol using IR showed 

AUC > 0.8 that indicates accuracy and predictability of 

IR as variable to indicate inflammatory status, since it 

was used as reference CRP levels. CRP is a blood 

marker of inflammatory states. This molecule is 

synthetized by the liver in response to signal factors 

released by macrophages and fat cells, upon 

stimulation by the cytokines IL-1β, IL-6 and TNF-α 

during acute-phase inflammatory response, and elevate 

levels of this protein have been observed in BP patients 
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[8]. For this reason, we believe to have found an 

important association between CRP and IR levels. On 

the other hand, these results corroborate the use of IR 

values in the in vitro evaluation of psychiatric drugs, 

since in these conditions it is not possible to quantify 

CRP as inflammatory marker.  

Considering the experiments performed by IR 

analysis, we organized Fig. 8 that shows a synthesis of 
 

 
Fig. 8  Scheme of main results associated with Li (lithium) effect in interaction of four antidepressant drugs (FLX = fluoxetine; 
NOR = nortriptyline; IMI = imipramine; ESC = escitalopram) on inflammatory status of 72 hours macrophages RAW 264.7 
cultures by IR (inflammatory ratio) equation. ROS: reactive oxygen molecules, NO = nitric oxide, C group = Control group, 
O2

- = Superoxide, PAMPs: Pathogen-associated molecular pattern, iNOS = Nitric oxide synthase.  
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markers studied here, especially cytokines and 

oxidative molecules that compound IR equation and 

main results obtained from cells Li and antidepressants 

treated.  

In our study, we tested Li effects on non-activated 

macrophages (i.e. RAW monocyte-like cells) and 

observe that this drug presents inflammatory balance 

similar to untreated cells. This result suggests that Li 

anti-inflammatory effect could be potentially amplified 

by inflammation patterns observed in some health 

conditions including psychiatric diseases, such as 

Bipolar disorder. In our study, Li was able to revert 

some slight inflammatory pattern depending of type of 

antidepressant drug. FLX, NOR and IMI 

concomitantly Li exposure present a clear decreasing 

in IR values whereas, concomitant ESC exposure 

caused an inverse effect.  

Fluoxetine and Escitalopram antidepressant drugs 

that are SSRIs (selective serotonin reuptake inhibitors), 

Imipramine and Nortryptilne, tricyclic antidepressants 

were investigated here. Several studies have indicated 

that SSRIs play a modulatory role on immune system, 

especially in major depressive patients, that present 

normalization of plasma proinflammatory cytokines 

levels [23]. In fact, IR values was not so high to FLX, 

NOR and IMI and interaction of Li had a clear 

anti-inflammatory effect suggesting that concomitant 

use of these drug would not negative in terms of 

inflammatory metabolism.  

However, it seems that such effects are not universal 

and are dependent on several baseline conditions of the 

study and have been influenced by SSRIs type, since 

we observed a proinflammatory effect when 

macrophages cells were concomitantly treated with 

Li+ESC. ESC is considered most selective of the 

SSRIs, and some prior studies, described that its SSRIs 

increased the levels of IL-receptor agonist and IL-2 in 

major depressive patients and have some 

anti-inflammatory effect [44, 45].  

A protocol-evaluated effect of ESC on TNF-α and 

IL-10 levels in mice with inflammatory condition 

induced by LPS (lipopolysaccharide) administration. 

Authors reported that ESC had anti-inflammatory and 

antidepressant effects on LPS-induced mice suggesting 

that is probable that serotonergic system plays a crucial 

role in the pathophysiology of inflammation-induced 

depression [46]. 

On the other hand, a recent study conducted by 

Avitsur [47] described contrary results related to ESC 

action on inflammation LPS-induced in mice. In this 

study, ESC augmented the secretion of 

lipopolysaccharide-induced TNFα and induced a faster 

kinetics of IL-1β indicating a proinflammatory effect. 

Considering human clinical studies, it is interesting to 

comment results from an investigation that evaluated 

the effect of a single daily dose of 10 mg ESC or 

placebo for four weeks intake by fist degree relatives to 

patients with depression on cytokines modulation. The 

results did not show any differences among cytokine 

levels between subjects ESC or placebo treated 

suggesting that there is not a global anti-inflammatory 

effect of ESC [48].  

Human investigations also described that immune 

effect of some antidepressant drugs, such as ESC and 

NOR could be dependent of basal inflammatory 

markers. Patients with higher CRP, IL-6 and TNF-α 

levels showed treatment resistance [49]. Therefore, 

currently data are confusing about ESC effects on 

inflammatory modulation. In this way, our results 

showing proinflammatory action of Li+ESC 

interaction cannot be discarded and deserve 

complementary in vivo investigations. 

5. Conclusions 

Despite methodological constraints related to in 

vitro protocols, results from our novel IR analysis 

suggest that Li does not have a universal 

anti-inflammatory effect that could be influenced by 

basal macrophage-inflammatory state and by the 

interaction of other psychiatric drugs. Although the 

investigation to be performed by in vitro protocol, 

results described here could have relevance in 
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psychiatric clinical practice, in respect to variation of 

response on inflammatory metabolism related to 

combination of Li and antidepressant drugs. Results 

described here suggest relevance to perform future in 

vivo complementary study in order to clarify impact of 

antidepressive drugs on anti-inflammatory effect 

triggered by Li. 
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