
Review

10.4172/Neuropsychiatry.1000227 © 2017 p- ISSN 1758-2008
e- ISSN 1758-2016

Neuropsychiatry (London) (2017) 7(4), 393–397 393

1Department of Hospital Pharmacy, Zikeikai-Aoimori Hospital, Aomori, Japan
2Department of Pharmacy, Akita University Hospital, Akita, Japan
3Department of Neuropsychiatry, Hirosaki University School of Medicine, Hirosaki, Japan
4Director of Zikeikai-Aoimori Hospital, Aomori, Japan

All members were equally contributed to the first authors.
†Author for correspondence: Tsukasa Uno, PhD, Department of Hospital Pharmacy, Zikeikai-Aoimori Hospital, 16-3 Ohtani-Yamanouti, 
Aomori 030-0155, Japan, Phone: +81-17-729-3330, Fax: +81-17-729-3147, email: uno-hki@umin.ac.jp, uno370409@yahoo.co.jp 

Effects of selective serotonin reuptake inhibitors on the 
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ABSTRACT

By now, the differential effects of several selective serotonin reuptake inhibitors (SSRIs) on 
the cytochrome P450 (CYP) enzymes are well defined and that the drug-drug interactions 
(DDIs) are a major issue in the management of depression. In many cases of DDIs in relation to 
SSRIs, SSRIs plays as a potent CYP inhibitor. Fluvoxamine has inhibited various CYPs-mediated 
pathways (especially CYP1A2, 2C9/19 and 3A4) and P-gp-mediated transport of substrate 
drugs. While, the metabolism of proton pump inhibitors (PPIs) is related to cytochrome P450 
(CYP) 3A4 and polymorphic CYP2C19, and PPIs such as omeprazole and lansoprazole have 
also shown to be substrates of P-glycoprotein (P-gp) in in vitro study. Therefore, this review 
summarized the DDIs of Fluvoxamine-PPIs in Japanese healthy volunteers and the findings 
indicated that the DDIs of fluvoxamine-PPIs may be associated with the sum of polymorphic 
CYP2C19, CYP3A4 and P-gp.
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Fluvoxamine Overview

Over the course of more than 20 years, selective 
serotonin reuptake inhibitors (SSRIs) have been 
widely prescribed in the treatment of depression 
[1,2]. By now, the differential effects of several 
selective serotonin reuptake inhibitors (SSRIs) 
on the cytochrome P450 (CYP) enzymes are 
well defined and that the drug-drug interactions 
(DDIs) are a major issue in the management 
of depression [3,4]. In many cases of DDIs in 
relation to SSRIs, SSRIs plays as a potent CYP 
inhibitor. For example, when fluvoxamine was 
co-administered with tizanidine (a centrally 
acting skeletal muscle relaxant), the area 
under the concentration-time curve (AUC) 
of tizanidine increased 33-fold compared 
with when tizanidine was administered alone, 

and caused side effects such as the decrease 
in systolic blood pressure and Digit Symbol 
Substitution Test (DSST) [5]. Inhibition of 
tizanidine-metabolizing enzyme(s), mainly 
CYP1A2, by fluvoxamine seems to explain the 
observed interaction. Furthermore, in a case of 
fluvoxamine-ramelteon (a melatonin receptor 
agonist used as a treatment for insomnia) DDIs, 
the AUC of ramelteon increased 128-fold by 
fluvoxamine. As, ramelteon is metabolized by 
CYP1A2, CYP2C19, and CYP3A4; fluvoxamine 
simultaneously may be inhibited by multiple 
CYPs-mediated pathways of ramelteon [6]. 
As, fluvoxamine sometimes yields an amazing 
DDIs, due to the quite low bioavailability of co-
administered drugs that metabolized by multiple 
CYPs, these findings show the magnitude of DDIs 
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estimated from in vitro data may be limited (11.4-
fold estimated versus 128-fold actual) [6].

While, multidrug resistance P-glycoprotein 
(P-gp; also known as MDR1 and ABCB1) 
regulates the pharmacokinetics of a wide range 
of compound structures [7-9]. P-gp-mediated 
transport is saturable and is subject to modulation 
by inhibition and induction, which can affect the 
pharmacokinetics and several in vitro and in vivo 
studies have demonstrated that SSRIs also have 
inhibitory effects on P-gp-mediated transport 
[8-10]. A previous in vitro study revealed that 
the concentrations of L-MDR1 cells required 
inhibiting P-gp activity by 50% (IC50) for 
paroxetine (29.8 μM) and sertraline (31.8 μM) 
were similar to that of quinidine (33.8 μM), a 
known P-gp inhibitor, and fluoxetine (IC50 
115.5 μM) showed a weak P-gp inhibition [8]. 
In addition, an in vivo study indicated that 
SSRIs increase fexofenadine (as a P-gp substrate) 
exposure in healthy volunteers, and that these 
effects are greatest for fluvoxamine (fluvoxamine 
by 1.8-fold, paroxetine by 1.4-fold, sertraline by 
0.8-fold) [11]. This finding therefore suggests 
that SSRIs act as P-gp inhibitors in the clinical 
situation, and may cause P-gp-mediated drug 
interactions in patients receiving P-gp substrates. 

While, fluvoxamine has been known to interact 
with many psychotropic drugs [12]. As shown 
in fluvoxamine-ramelteon DDIs, fluvoxamine 
has inhibited various CYPs-mediated pathways 
(especially CYP1A2, 2C9/19 and 3A4) [13-
15]. In a case of fluvoxamine-imipramine DDIs 
[16], the imipramine AUC with fluvoxamine 
increased 3.0-fold compared with imipramine 
when administered alone. This DDIs system 
show the following results: first, fluvoxamine 
strongly inhibits the CYPs-mediated metabolism 
of imipramine (CYP2D6, 1A2, 2C19 and 3A4); 
next, it inhibits the P-gp-mediated efflux transport 
systems; accordingly, the blood concentrations of 
imipramine increased through the inhibition of 
both systems. However, comparing the DDIs of 
tizanidine- or ramelteon-fluvoxamine, illustrates 
that a moderate effect of imipramine disappear to 
be quite low bioavailability thus exhibiting a great 
first-pass effect. Similar to fluvoxamine-DDIs cases, 
since other SSRIs have inhibitory effects on CYPs 
[17,18], they may also cause clinical significances as 
shown in fluvoxamine-DDIs.

Rabeprazole Overview 

Rabeprazole is one of proton pump inhibitors 
(PPIs) and possesses suppressive activity on 

gastric acid secretion by inhibiting (H+/K+)-
ATPase in gastric parietal cells [19,20]. Like 
other PPIs (omeprazole, lansoprazole, and 
pantoprazole), rabeprazole is effective for 
treating various peptic diseases, including gastric 
and duodenal ulcer, gastroesophageal reflux 
disease, and Zollinger-Ellison syndrome [19,20]. 
The metabolism of proton pump inhibitors 
(PPIs) is mainly related to CYP3A4 and 
polymorphic CYP2C19 [21,22]. In contrast, 
as for rabeprazole, rabeprazole thioether 
formulated by the nonenzymatic reduction 
is a major metabolite, but, some is oxidized 
to demethylated rabeprazole and rabeprazole 
sulfone by CYP2C19 and CYP3A4, respectively 
[22-25]. Therefore, the pharmacokinetics 
and pharmacodynamics of rabeprazole by the 
polymorphic CYP2C19 activity appear to 
be a lesser effect compared with other PPIs. 
However, there have been reported that plasma 
concentrations of rabeprazole are significantly 
different among CYP2C19 genotype groups 
[26-30] and then that gastric acid inhibition 
by rabeprazole are different among CYP2C19 
genotype groups [29-30]. However, no 
published data suggest an in vivo contribution of 
CYP3A4 to the pharmacokinetics of rabeprazole, 
even though in vitro studies have shown that 
rabeprazole is metabolized to rabeprazole sulfone 
by CYP3A4 [24,25]. Furthermore, to date, 
although other PPIs (omeprazole, lansoprazole 
and pantoprazole) were shown to be substrates of 
P-gp in in vitro study [31], it is unknown whether 
rabeprazole is the substrate of P-gp. In Japanese, 
the frequency of the defective CYP2C19 alleles is 
19% (35 of 186) [32] and this frequency is very 
higher than that (2-3%) of Caucasians [33]. In 
terms of this genetic data, PPIs pharmacokinetics 
of Japanese may be quite different from PPIs 
pharmacokinetics of Caucasian and then DDIs 
in relation to PPIs and CYP2C19 in Japanese 
may be different from that in Caucasians. 
On the basis of these observations, the sum of 
polymorphic CYP2C19, CYP3A4 and P-gp 
should be noted in DDIs of Fluvoxamine-PPIs.

Fluvoxamine-PPIs DDIs 

In the DDIs of Fluvoxamine-PPIs that the 
authors’ laboratory conducted, Japanese 
healthy volunteers were divided into three 
CYP2C19 genotype groups, homozygous 
EMs (CYP2C19*1/*1), heterozygous EMs 
(CYP2C19*1/*2 and *1/*3), and PMs 
(CYP2C19*2/*2 and *2/*3). Previous studies 
showed that fluvoxamine treatment increased 
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the AUC of PPIs (e.g. omeprazole and 
lansoprazole) and prolonged elimination half-life 
of PPIs in homozygous EMs and heterozygous 
EMs, but not in PMs [34,35], indicating a 
potent inhibitory effect of fluvoxamine on 
CYP2C19 activity and no effect on fluvoxamine 
on CYP3A4 activity. While, previous papers 
revealed that clarithromycin, as a potent CYP3A4 
inhibitor, increased the AUC of omeprazole and 
lansoprazole in all CYP2C19 genotypes through 
the inhibition of CYP3A4 pathways [36,37]. In 
only one report as a role of CYP3A4 inhibitor, 
fluvoxamine (100 mg per day) increased plasma 
concentrations of alprazolam, a substrate of 
CYP3A4, suggesting that fluvoxamine has a 
moderate inhibitory effect (2.0-fold) on CYP3A4 
to some degree [38]. Since all fluvoxamine-PPIs 
DDIs were carried out in low daily-dose (50 
mg per day), these results therefore imply that 
the concentrations of fluvoxamine in low daily-
dose is not enough to inhibit CYP3A4-mediated 
metabolism of PPIs and the high-dose ( ≧ 100 
mg per day) of fluvoxamine may induce a greater 
change of PPIs pharmacokinetics.

In the rabeprazole-fluvoxamine DDIs [39], 
similar to results of other PPIs-fluvoxamine 
DDIs, the inhibitory effect of fluvoxamine 
on rabeprazole pharmacokinetics showed a 
same tendency [34,35]: the inhibitory effect 
was greatest in homozygous EMs, less in 
heterozygous EMs and least in PMs. In addition, 
when considering the inhibitory effect of 
fluvoxamine on the three PPIs pharmacokinetics 

in homozygous EMs, the order is as follows: 
omeprazole > lansoprazole > rabeprazole (Figure 
1), which is acceptable because the relative 
effect of CYP2C19 polymorphism on the three 
PPIs pharmacokinetics is also similar [22]. 
Furthermore, fluvoxamine simultaneously did 
not inhibit the CYP3A4 metabolic pathway of 
rabeprazole. On the other hand, our separate 
report revealed that potent CYP3A4 inhibitors 
such as clarithromycin and verapamil had 
little effect on rabeprazole pharmacokinetics, 
so unexpected DDIs between rabeprazole and 
CYP3A4 inhibitors is unlikely to occur in the 
clinical situation. [40]. Therefore, this negative 
finding may be attributed to less contribution of 
CYP3A4 to rabeprazole disposition in an in vivo 
study. In addition, clarithromycin and verapamil 
are P-gp inhibitors, as well as CYP3A4 inhibitors 
[41-44]. Our previous study showed that the 
increased AUC of lansoprazole by clarithromycin 
might be due to the combination of the inhibition 
of CYP3A4 and P-gp [37]. However, although 
rabeprazole has an inhibitory effect on MDR1-
mediated transport at 100 μM of higher therapeutic 
ranges [45], it is unclear whether rabeprazole 
is a substrate of P-gp. Therefore, these findings 
suggest that the effect of P-gp inhibitors involving 
fluvoxamine on rabeprazole pharmacokinetics 
would be a minimal effect in comparison with the 
effects on other PPIs pharmacokinetics. 

Conclusion and Future Perspective

In view of the pointed information described 
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Figure 1: Mean AUC increase (%) in omeprazole, lansoprazole and rabeprazole during fluvoxamine treatment for CYP2C19 genotypes in Japanese healthy 
volunteers.

Table 1: Efficacy of macrophage-activating factor (MAF).

Formula Model Reported outcome Study References

Purified GcMAF Gc protein from human 
serum Enhancement of macrophage activity In vitro Mohamad, et al. 2002 [63]

Purified GcMAF Gc protein from human 
serum Enhancement of macrophage phagocytic activity In vitro Nagasawa, et al. 2004 [64]

Purified GcMAF Several endothelial cells Antiangiogenic effects by mediating through the 
CD36 receptor In vitro Kanda, et al. 2002 [12]

Purified GcMAF Pancreatic cancer Antiangiogenic effects and tumor regression In vitro and vivo Kisker, et al. 2003 [13]

Purified GcMAF Ehrlich tumor carcinoma Eradication of ascites tumor In vivo Koga, et al. 1999 [14]

Purified GcMAF L-929 cell Anti-tumor actibity In vitro Mohamad, et al. 2003 [15]

Purified GcMAF Hepatocellular 
carcinoma Anti-angiogenic activity and tumor killing activity In vivo Nonaka, et al. 2012 [16]

Purified GcMAF Breast cancer
Inhibition of tumour-induced angiogenesis and 
inhibition of cancer cell proliferation, migration and 
metastatic potential

In vitro Pacini, et al. 2012 [17]

Purified GcMAF Metastatic breast cancer No recurrence for more than 4 years Clinical Yamamoto, et al. 2008 [18]

Purified GcMAF Prostate Cancer No recurrence occurred for 7 years Clinical Yamamoto, et al. 2008 [19]

Purified GcMAF Metastatic colorectal 
cancer No recurrence occurred for 7 years Clinical Yamamoto, et al. 2008 [20]

Purified GcMAF HIV infection Increase in number of CD4+cells and decrease in 
quantity of p24 Antigen and HIV-1 RNA Clinical Yamamoto, et al. 2009 [21]

Serum GcMAF Ehrlich tumor carcinoma
Enhancement of macrophage phagocytic activity and 
extension of the survival time of mice bearing Ehrlich 
ascites tumors

In vitro and vivo Kuchiike, et al. 2013 [25]

Serum GcMAF Metastatic cancers No progression of cancer Clinical Inui, et al. 2013 [26]

Serum GcMAF Metastatic breast cancer Complete disappearance of the pleural effusion and 
intra-pleural nodular tumor Clinical Inui, et al. 2014 [27]

Serum GcMAF Autism
Normalization in dysregulated gene expression 
of the endocannabinoid system in cultured blood 
monocyte-derived macrophages (BMDMs)

Clinical Siniscalco, et al. 2014 [32]

Colostrum MAF Mouse macrophages

Enhancement of the phagocytic activity of mouse 
peritoneal macrophages in vitro and of intestinal 
macrophages +

in vivo

In vitro and vivo Uto, et al. 2015 [42]

Colostrum MAF Choronic fatigue 
syndrome Improvement of various symptoms Clinical Inui, et al. 2015 [56]

Colostrum MAF Multiple sclerosis Improvement of motor disability and getting off all 
medication Clinical Inui, et al. 2016 [61]

Colostrum MAF

Non-small cell lung 
cancer

(stage 3B)

Improvement of various symptoms and inhibition of 
increase in tumor size Clinical Inui, et al. 2016 [62]
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above, the potential for DDIs between 
fluvoxamine and PPIs should be noted and 
the degree of DDIs by fluvoxamine may be 
different according to co-administered various 
PPIs. Concurrently, these CYP2C19-inhbitted 
effects are predicted to be different among 
CYP2C19 genotype groups. Therefore, the 
typical CYP2C19 substrates such as clopidogrel 
[46], escitalopram [47] and voriconazole [48] 
showing inter-individual differences among 
CYP2C19 genotypes should be cautioned for 
the pharmacodynamics (PD) with changes of 
pharmacokinetics when fluvoxamine was co-
administered. Simultaneously, the following 
information should be also noted that there may 

be a limit on the magnitude of fluvoxamine-DDIs 
that can be estimated from in vitro data because 
fluvoxamine can inhibit multiple CYPs-mediated 
pathways and P-gp-mediated transport of substrate 
drugs. While, the pharmacokinetic changes of 
rabeprazole should be noted when CYP2C19 
inhibitors such as fluvoxamine and voriconazole 
[49] were co-administered, however, the potential 
of DDIs between rabeprazole and the inhibitors of 
CYP3A4 and P-gp may be limited to date. 
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