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Abstract

Overview and Goals According to recent research, treatment-resistant depression (TRD) may be exacerbated by the multidrug resistance
transporter P-glycoprotein (P-gp) at the blood-brain barrier (BBB) restricting intracerebral antidepressant efflux concentrations. Furthermore,
clinical experience suggests that verapamil, a P-gp inhibitor, may be used as an adjuvant medication to enhance clinical outcomes in TRD.
Consequently, the goal of the current investigation was to ascertain how P-gp inhibition affected the passage of imipramine, a tricyclic
antidepressant, and its active metabolite, desipramine, across the blood-brain barrier.

An Experimental Method The levels of imipramine and desipramine in the rats’ brains were measured by intracerebral micro dialysis after
imipramine was administered intravenously (IV), either with or without prior treatment with cyclosporin A (CsA) or verapamil, two P-gp
inhibitors. Drug levels in plasma were also measured on a regular basis KEY RESULTS: Iripramine concentrations in the microdialysis samples
increased significantly after pretreatment with either verapamil or CsA, but imipramine plasma pharmacokinetics remained unchanged.
Furthermore, there was a significant increase in desipramine levels in the brain and plasma following pretreatment with verapamil, but not with
CsA. SUMMARY AND IMPLICATIONS The current investigation supported the idea that P-gp activity limits the amounts of some antidepressants
in the brain, including imipramine, by showing that P-gp inhibition increased the intracerebral concentration of imipramine. These findings may
help to explain reports of a beneficial response to adjunctive therapy with verapamil in TRD.
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Introduction

[6]. Therefore, the capacity of P-gp substrate medications to
reach therapeutic concentrations in the brain may be impacted
by these functional SNPs. According to newly available clinical

Several antidepressants may be substrates of the multidrug
resistance transporter P-glycoprotein (P-gp) at the blood-brain
barrier (BBB), according to recent preclinical research [1,2].
P-gp, which the ABCB1 gene encodes in is expressed throughout
the human body, including the brain’s capillary endothelial cells’
luminal membrane, which forms the blood-brain barrier (BBB)
[3]. P-gp-mediated drug efflux at the blood-brain barrier (BBB)
is a significant barrier to the brain’s uptake of pharmaceutical
chemicals that are P-gp substrates. It has also been connected
to treatment failure for several brain conditions, including brain
cancer and epilepsy [4,5]. Numerous useful SNPs, or single Furthermore, early clinical research indicates that co-
nucleotide polymorphisms, in the It has been determined that administration of the P-gp inhibitor verapamil may be
the ABCB1 gene influences P-gp expression and/or function advantageous in treating TRD [10]. The relative contributions of

data, the ABCB1 genotype may be linked to the response rate to
antidepressant treatment, especially for those drugs that have
been demonstrated to be P-gp substrates at the BBB in vivo [7-
9]. This implies that by limiting antidepressant concentrations
at their intracerebral site of action, P-gpmediated efflux may be
a factor in the high prevalence of treatment-resistant depression
(TRD) [1].
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P-gp-mediated efflux and passive permeability on the transport
of these antidepressant drugs across the BBB have not yet been
conclusively determined, and the significance of putative P-gp
efflux tothe BBB transportofantidepressants remains contentious,
despite numerous in vivo studies showing enhanced brain levels
of several antidepressants in P-gp knockout mice, compared
with wild-type controls [1]. However, not all antidepressants
are substrates of P-gp. Interestingly, the clinical response to
mirtazapine is not linked to the ABCB1 genotype [7]. Mirtazapine
is one such example [7,11]. It's also important to recognize the
complexity of the connection between antidepressants and P-gp
and the challenges associated with extrapolating findings from
one different experimental context [1]. The Pariante group’s
work serves as an example of this point. There in vitro research
suggested that P-gp activity at the BBB could be a target of
antidepressant action [12,13], but more recent in vivo findings
seem to refute this theory [14].

Only three such studies have been published to date, to our
knowledge [10,15,16]. While many studies have examined the
distribution of antidepressants to the brain in P-gp knockout
mice relative to wild-type controls, there is a dearth of research
investigating the effect of pharmacological P-gp inhibition

on the ability of antidepressants to penetrate the BBB. It has
been previously demonstrated that in some brain regions,
pretreatment with verapamil increases the brain-to-serum ratios
of imipramine, a tricyclic antidepressant, and its active metabolite,
desipramine [10]. On the other hand, inconsistent results about
the P-gp substrate status of imipramine have been obtained from
in vitro transport studies utilizing several P-gp expressing cell
lines [17,18]. Consequently, it is yet unknown if P-gp restricts
imipramine’s capacity to cross the BBB. The time-dependent effect
of P-gp inhibition on the distribution of these antidepressants into
the brain has not been clarified by this earlier research in normal
animals since they only looked at brain-to-serum ratios at a single
(terminal) period after antidepressant treatment. The current
investigation made use of an integrated intracerebral Using a
micro dialysis technique, researchers examined how pretreatment
with one of two different P-gp inhibitors - cyclosporin A (CsA) or
verapamil - affected the concentrations of free imipramine and
desipramine in the extracellular fluid (ECF) of the brain over time
in wild-type Sprague Dawley rats. When it comes to the analysis
of drug transporters in the central nervous system, intracerebral
micro dialysis is a valuable investigative tool that may be used to
evaluate drug permeability across the blood-brain barrier as a
function of time [19] (Figures 1 & 2).

P-gp substrate drug

(&

Figure 1: Simplified schematic of branebrutinib resensitizing P-glycoprotein (P-gp)-overexpressing multidrug-resistant cancer cells to
anticancer drugs by blocking the drug efflux function of multidrug transporter. The intracellular concentration of a P-gp substrate drugs (blue
circles) in P-gp-overexpressing cells is significantly reduced by the drug efflux function of P-gp. However, in the presence of branebrutinib
(red triangles), branebrutinib outcompetes the binding of P-gp substrate drug to the same drug-binding pocket of P-gp and consequently
restores the intracellular accumulation and efficacy of substrate drugs in P-gp-overexpressing multidrug-resistant cells.
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Discussion and Conclusion

Recent research indicates a possible connection between
the therapeutic response of antidepressants, which have been
demonstrated to be P-gp substrates, and functional SNPs in the
ABCB1 gene, despite some contradictory results in the literature.
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encodes P-gp in humans, according to research conducted by Gex-
Fabry et al. [20], Kato et al. [21], Nikisch et al. [22], Uhr et al. [7],
Sarginson et al. [8], and Lin et al. [9]. The current investigation
showed that, without altering imipramine levels in plasma,
pretreatment with either of the well-known P-gp inhibitors
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verapamil or CsA dramatically raised levels of the tricyclic
antidepressant imipramine in brain ECE This suggests that
because there may be species-specific variations in P-gp substrate,
care should be used when extrapolating findings from preclinical
rodent research to the clinical environment. particularity [23,24].
The increases in brain antidepressant levels mediated by P-gp
inhibition happened without any notable changes to imipramine’s
plasma pharmacokinetics. Clinical studies have shown that

coadministration of verapamil after oral administration of
imipramine in healthy volunteers increased

bioavailability; this effect may have resulted from decreased

imipramine

imipramine clearance [24]. Iripramine’s plasma clearance was
unaffected by verapamil pretreatment in the current investigation.
A notable but slight rise in serum imipramine concentration
was previously documented at a solitary (final) time-point after
verapamil therapy [10].
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Figure 2: Inhibition of P-glycoprotein (P-gp) activity by curcumin: (A) the substrate is pumped out of the cell cytoplasm by P-gp; (B) the
activity of P-gp is inhibited by the presence of curcumin molecules on the apical surface.
\ J

The lack of observation of this effect in the current
investigation may be attributed to the distinct routes of
imipramine administration utilized in the two studies (i.p. from
earlier research vs. i.v. in this study) or the various techniques
for collecting samples (blood from the trunk after previous
decapitation vs. indwelling catheter in the current investigation).
Animals in the IMI + CsA group had an 84% greater dialysate:
plasma imipramine AUC ratio than those in the IMI only group.
The statistical significance of the observed difference indicates
that rats treated with CsA have improved imipramine transport
across the blood-brain barrier. The dialysate: plasma imipramine
AUC ratio did not reach statistical significance, even though the
IMI + VERAP group’s dialysate imipramine AUC was significantly
higher than that of the IMI alone group. This is likely because of
the increased variability observed when plasma concentrations
were considered. Given that both P-gp inhibitors like CsA and
verapamil are well-established [25]. These findings support our
earlier research [10] and the theory that P-gp restricts the ability
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of some antidepressants, like imipramine, to cross the BBB [1].

Furthermore, it is important to remember that CsA is a
more effective P-gp inhibitor than verapamil, as evidenced
by the higher increase in brain imipramine levels seen in the
CsA pretreatment group compared with verapamil pretreated
animals [26]. To the best of our knowledge, this study is the first
to use the microdialysis method to examine how P-gp inhibition
affects antidepressant absorption and brain penetration across
the blood-brain barrier. The method of microdialysis provides
many benefits over conventional techniques that examine drug
concentrations in brain homogenate samples [27,28]. First off,
samples made from brain homogenates contain drug remaining
in the blood in the network of capillaries throughout the brain,
but samples made using the microdialysis technique only contain
drug that has crossed the blood-brain barrier. Second, although
the classic brain homogenate approach often does not distinguish
between pharmacologically inactive bound and active unbound
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drug, microdialysis measures only free drug molecules in the brain
ECFE. Thirdly, the microdialysis methodology provides temporal
resolution not achievable with homogenate-based methods
by tracking changes in brain drug concentrations in individual
animals over time with or without P-gp inhibition. Furthermore,
we may use microdialysis to investigate how P-gp inhibition affects
drug concentrations in a particular target brain region, such
the PFC. Although brain homogenate techniques can be utilized
for region-specific analysis [10], most of the prior research has
concentrated on total brain concentrations of antidepressant
drugs rather than examining effects that are particular to a given
region. Given that P-gp expression and function vary throughout
several brain anatomical regions, this is a significant research
restriction [10,29].

Therefore, it's possible that significant region-specific
variations in drug concentrations were hidden by the earlier use
of whole brain analysis. When comparing amounts of dialysate
that have not been adjusted for in vivo probe recovery in It is
crucial to keep in mind that changing drug clearance by P-gp
inhibition is probably going to have an impact on probe recovery
in microdialysis experiments examining the impact of P-gp efflux

on the net BBB transport of a drug [12]. Nevertheless, in vivo
probe recovery should be less in rats receiving a P-gp inhibitor
than in animals not receiving treatment [30], and this has been
demonstrated in experiments [31,32]. Consequently, we would
probably observe an even more pronounced increase in brain
imipramine if it were able to adjust our dialysate concentrations
for in vivo recovery and so determine actual brain ECF imipramine
concentrations. levels in the animals medicated with verapamil
and CsA compared to the untreated controls. It is challenging
to compare the magnitude of increases in brain imipramine
concentrations reported here with those previously reported in
other studies that have investigated the effect of P-gp inhibition
on the BBB transport of antidepressants because of the different
methodology used in this study. It will also be interesting to
examine the implications of these findings for human patients
receiving long-term antidepressant treatment. It’s interesting to
note that pretreatment with verapamil significantly raised the
levels of desipramine in plasma, which is an active metabolite
of imipramine and an independent antidepressant. Compared
to the IMI only group, the IMI + VERAP group’s mean AUC for
desipramine in plasma was more than four times higher. metabolic
enzymes, transporters, and receptors [33-36].
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Furthermore, pharmacokinetics of several medications has
been demonstrated to be altered by verapamil [37-40]. Therefore,
rather than via P-gp inhibition, it appears plausible that one of
these alternative interactions may be the mechanism mediating
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the increase in plasma desipramine levels. Verapamil has been
specifically identified as an inhibitor of cytochrome P450 enzymes
[36], which are primarily involved in the metabolism of imipramine
and desipramine in humans [41]. Although imipramine plasma
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clearance was unaffected by co-administration of verapamil the
rise in The IMI + VERAP group’s plasma desipramine levels may
havebeen caused by verapamil-mediated inhibition of desipramine
metabolism. Furthermore, it is important to remember that the
brain has a functioning cytochrome P450 monooxygenase system
[42-44]. Verapamil’s alleged suppression of these enzymes may
therefore have an impact on drug levels in the brain. Desipramine
levels in micro dialysis samples could only be accurately measured
in animals’ pretreatment with verapamil, indicating higher levels
in these animals [45-50]. These results were consistent with the
elevated levels of desipramine in the brain seen in the IMI + VERAP
group. It is unclear if the therapeutic advantages of verapamil
augmentation in TRD [10] are related to this rise in brain
desipramine concentrations. But it's important to remember that
after oral imipramine treatment, verapamil co-administration had
no influence on desipramine concentrations in plasma, according
to clinical research conducted in healthy volunteers [24,51-
57]. As a result, the rise in desipramine levels after verapamil
pretreatment in rats given imipramine intravenously may not
apply to people taking imipramine orally. It was not feasible to
ascertain if pretreatment with either P-gp inhibitor altered the
BBB transport of desipramine since desipramine concentrations
in dialysate samples from the IMI only or IMI + CsA groups could
not be quantified (Figure 3).

In summary

The that
pretreatment with P-gp inhibitors, verapamil or CsA, raised the
levels of the antidepressant imipramine in the brains of normal
rats. This demonstrates Overpass the BBB. These results add to

current investigation unequivocally showed

the growing body of clinical data suggesting P-gp blocks several
antidepressants from acting at their sites of action in the brain
by preventing them from reaching effective concentrations. Such
outcomes may be a factor in the increased incidence of TRD.
Given these results, one could be tempted to hypothesize that
P-gp inhibitor supplementary medication could be beneficial for
treating depression clinically.

Conflicts of Interest
None.
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