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Treatment of refractory catatonic schizophrenia
with low dose aripiprazole

Tsuyoshi Sasaki™?", Tasuku Hashimoto? Tomihisa Niitsu®, Nobuhisa Kanahara? and Masaomi lyo'?

Abstract

This case is of 54-year-old female with catatonic schizophrenia, characterized by treatment resistance to the
pharmacotherapy with olanzapine, risperidone, flunitrazepam, and ECT. Olanzapine and risperidone and
flunitrazepam did not improve her catatonic and psychotic symptoms, and induced the extrapyramidal symptoms.
The effects of ECT did not continue even for a month. However, the treatment with low-dose aripiprazole
dramatically improved the patient’s psychotic symptoms and extrapyramidal symptoms. The mechanisms
underlying the effects of low-dose aripiprazole in this case remain unclear, but unlike other antipsychotics,
aripiprazole is a dopamine D2 partial agonist. In this regard, our results suggest that aripiprazole has numerous
advantages, especially in cases of stuporous catatonia and a defective general status.

Background
Catatonia, which is characterized by motoric immobility such
as catalepsy or stupor, mutism, negativism, is shown in about
10-15% of patients with schizophrenia [1]. Published works
to date demonstrate variable treatment with benzodiaze-
pines, electroconvulsive therapy (ECT), N-Methyl-D-Asparte
(NMDA) antagonists, and antipsychotics, even the atypical,
which remain discussed, because of worsening in symptom-
atology and increasing the risk of inducing neuroleptic malig-
nant symdrome [2-4]. Aripiprazole, a dopamine D2 receptor
partial agonist, is different from other atypical antipsychotics,
which are common profile of D2 receptor antagonist.

We present a patient of catatonic schizophrenia, which
was markedly improved on low-dose aripiprazole, after
failing to respond to olanzapine, risperidone, and ECT.

Case presentation

A 54-year-old woman began to experience auditory halluci-
nations, including a voice admonishing her to deny herself,
and delusions of persecution and reference, and to with-
draw socially. She gradually entered a catatonic stupor with
insomnia and anorexia. Her mother took her to a mental
clinic, where she was diagnosed with catatonic-type
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schizophrenia. She was prescribed risperidone 1 mg/day
and flunitrazepam 1 mg/day for approximately 4 months,
but her withdrawal and stupor state did not improve, and
she was referred to another hospital at 55 years of age. No
abnormalities were found in her general laboratory exami-
nations or brain CT. She reported having consistent patho-
logical experiences, such as hallucination and delusions,
and her diagnosis was confirmed as catatonic-type schizo-
phrenia according to the DSM-IVcriteria. We discontinued
her previous medications and prescribed olanzapine
20 mg/day and flunitrazepam 1 mg/day for approximately
2 weeks. However, her catatonic stupor with anorexia and
severe extrapyramidal symptoms was not improved. She
was referred to a general hospital, and began to receive
electroconvulsive therapy (ECT). The ECT treatment was
enforced twice for six weeks per week (total 12 times). The
treatment with ECT and risperidone 3 mg/day and flunitra-
zepam 2 mg/day almost completely eliminated her psych-
otic symptoms, and she was again able to take meals by
herself, but a high level of extrapyramidal symptoms
remained. She was transferred to our hospital. After an-
other month of ECT, however, she began to experience
auditory hallucinations, and delusions of persecution and
reference, along with stupor with insomnia and anorexia
again. We changed her drug regimen from risperidone and
flunitrazepam to only aripiprazole 3 mg/day. Two weeks
later, her catatonic stupor and psychotic symptoms were
dramatically improved without extrapyramidal symptoms.
She was again able to take meals alone and was able to go

© 2012 Sasaki et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpi//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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shopping with her mother. She is now 59 years old and has
been treated with only 3 mg/day aripiprazole for 48 months.
She has no recrudescence of psychotic symptoms or extra-
pyramidal symptoms, and continues to help her mother
with the housework.

Discussion

This case is of 54-year-old female with catatonic schizo-
phrenia, characterized by treatment resistance to the
pharmacotherapy with olanzapine and risperidone and
flunitrazepam, and ECT. To our knowledge, this is the first
published report to show that the treatment-resistant
schizophrenic patient with the catatonic subtype was
improved, using ultra-low-dose aripiprazole. In this case,
olanzapine and risperidone and flunitrazepam did not
improve her catatonic and psychotic symptoms, and
induced the extrapyramidal symptoms. The effects of ECT
did not continue even for a month. However, the treatment
with low-dose aripiprazole dramatically improved the
patient’s psychotic symptoms and extrapyramidal symp-
toms. Although it has been reported that atypical antipsy-
chotics and benzodiazepines were effective for stuporous
catatonia [5], olanzapine and risperidone ,and flunitraze-
pam did not improve the psychotic symptoms of our
patient; moreover, they exacerbated her extrapyramidal
symptoms. Although benzodiazepines, such as lorazepam,
are the first choice for the catatonic features as well as
ECT [5], and their high-doses are frequently used, benzo-
diazepines might cause respiratory arrest. So we were not
able to used for it. The mechanisms underlying the effects
of low-dose aripiprazole in this case remain unclear.
Recently Voros et al and Kirino reported that aripiprazole
is effective for catatonic stupor [6,7]. Also it has been
reported that ECT-aripiprazole combination therapy has
an excellent safety profile and therapeutic efficacy [8,9].
The present case responded to ECT but began to relapse
one month after the course of ECT. So without the effects
of ECT, it would be uncertain whether aripiprazole alone
could have resolved her long-term stupor state. In this
regard, our results suggest that aripiprazole might have
advantages, especially in cases of stuporous catatonia and a
defective general status like the present case.

Conclusion

We reported here a case of successful treatment using
low-dose aripiprazole monotherapy for a female patient
after the ECT in cases of stuporous catatonia and a
defective general status.

Consent

Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

52

Page 2 of 2

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TS, TH, TN and NK wrote the manuscript. Ml is the principal investigator of
this study. All authors read and approved the final manuscript.

Acknowledgements
The authors thank Tadashi Hasegawa (Chiba University) for his advice.

Author details

'Department of Child Psychiatry, Chiba University Hospital, Inohana 1-8-1,
Chiba, 260-8670, Japan. “Department of Psychiatry, Chiba University Graduate
School of Medicine, Inohana 1-8-1, Chiba, 260-8670, Japan. *Research Center
for Child Mental Development, Chiba University Graduate School of
Medicine, Inohana 1-8-1, Chiba, 260-8670, Japan.

Received: 23 February 2012 Accepted: 12 April 2012
Published: 3 May 2012

References

1. Taylor MA, Fink M: Catatonia in psychiatric classification: a home of its
own. Am J Psychiatry 2003 Jul, 160(7):1233-1241.

Penland HR, Weder N, Tampi BR: The catatonic dilemma expanded. Ann
Gen Psychiatry 2006 Sep 7, 5:14.

Carroll BT, Goforth HW, Thomas C, Ahuja N, McDaniel WW, Kraus MF,
Spiegel DR, Franco KN, Pozuelo L, Munoz C: Review of adjunctive
glutamate antagonist therapy in the treatment of catatonic syndromes. J
Neuropsychiatry Clin Neurosci 2007, 19(4):406-412.

Rosebush Pl, Mazurek MF: Catatonia and its treatment. Schizophr Bull 2010,
36(2):239-242. Epub 2009 Dec 7.

Van Den Eede F, Van Hecke J, Van Dalfsen A, Van den Bossche B, Cosyns P,
Sabbe BG: The use of atypical antipsychotics in the treatment of
catatonia. Eur Psychiatry 2005 Aug, 20(5-6):422-429.

Vorgs V, Tényi T: Use of aripiprazole in the treatment of catatonia.
Neuropsychopharmacol Hung 2010 Jun, 12(2):373-376.

Kirino £: Prolonged catatonic stupor successfully treated with
aripiprazole in an adolescent male with schizophrenia: a case report. Clin
Schizophr Relat Psychoses 2010, 4(3):185-188.

Lopez-Garcia P, Chiclana C, Gonzalez R: Combined use of ECT with
aripiprazole. World J Biol Psychiatry 2009, 10(4 Pt 3):942-943.

Masdrakis VG, Oulis P, Zervas IM, Karakatsanis NA, Kouzoupis AV, Karapoulios
E, Soldatos CR, Masdrakis VG: The safety of the electroconvulsive therapy-
aripiprazole combination: four case reports. J ECT 2008, 24(3):236-238.

2.

3.

doi:10.1186/1744-859%X-11-12

Cite this article as: Sasaki et al.: Treatment of refractory catatonic
schizophrenia with low dose aripiprazole. Annals of General Psychiatry
2012 11212

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

* Inclusion in PublMed, CAS, Scopus and Google Scholar

*» Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

() BiolMed Central




REVIEW ARTICLE

Optimal Extent of Dopamine D2 Receptor Occupancy
by Antipsychotics for Treatment of Dopamine
Supersensitivity Psychosis and Late-Onset Psychosis

Masaomi Iyo, MD, PhD,*{ Shigenori Tadokoro, MD,* Nobuhisa Kanahara, MD, PhD,*
Tasuku Hashimoto, MDD, PhD,* Tomihisa Niitsu, MD, PhD,} Hiroyuki Watanabe, MD, PhD,*
and Kenji Hashimoto, PhD7t

Abstract: Several studies have proposed an optimal dopamine D2 re-
ceptor occupancy by antipsychotics (OOc) to establish optimal pharma-
cological treatment of schizophrenia. However, there are limitations to
the use of the OOc, especially in application to patients with treatment-
resistant schizophrenia, including dopamine supersensitivity psychosis
(DSP) or late-onset psychosis (LOP). It has been suggested that D2 re-
ceptor density is up-regulated by chronic treatment of antipsychotics in
DSP, whereas it may be low in LOP owing to age-related reduction. In
estimation of the proposed OOc, these alterations have not been taken
into account, which may be one of the factors contributing to the
limited application of this index. We here hypothesize that there is
an optimal range in the number of D2 receptors available for do-
pamine binding to elicit adequate neurotransmission in the treatment
of patients with schizophrenia. We then estimated the OOc under the
assumption that the range is constant while D2 density is variable. The
results showed that the OOc and plasma level of antipsychotics increase
with an increase in the D2 density but decrease with a decrease in the
D2 density. That is, if the range of OOc is 65% to 78% in a standard
D2 density, it becomes 82% to 89% under 2-fold up-regulated density
and 42% to 63% under a 40% reduced density. The results also in-
dicated that the reduction of the plasma antipsychotic level is greater during
a given time period in patients with higher D2 density, as they need a
higher antipsychotic dose to achieve the raised OOc, which would ac-
count for the clinical features of DSP, for example, acute exacerbation
after a discontinuation of antipsychotics. On the other hand, in patients
with lower D2 density, only a lower antipsychotic dose will achieve the
0Oc, and a small increase in the dose will result in a greater increase in
occupancy and induce extrapyramidal adverse effects more easily. Fur-
thermore, the reduction of the plasma antipsychotic level during the time
period is smaller, which prolongs extrapyramidal adverse effects after
discontinuation of antipsychotics in LOP. We also attempted to develop
a strategy for the prevention and treatment of patients with DSP or LOP
by focusing on D2 density.

Key Words: schizophrenia, dopamine supersensitivity, late-onset
psychosis, antipsychotics, dopamine D2 receptors, occupancy

(J Clin Psychopharmacol 2013;33: 398-404)
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chizophrenia is a disabling mental illness with a lifetime pre-
valence 0f 0.4% to 1.0% worldwide,! and the course of illness

398 | www.psychopharmacology.com

is usually chronic with relapses despite treatment.? For decades,
the standard treatment protocol has included the administration
of D2 dopamine receptor blockers as effective antipsychotics, es-
pecially for the amelioration of psychotic symptoms.>* Evidence-
based or expert consensus guidelines for the dosing of various
antipsychotics have been published to improve the quality of care
of patients with schizophrenia.> However, it has been reported
that a substantial percentage of patients receive daily antipsy-
chotic doses greater than the recommended range® and that such
overly high doses of antipsychotics, while not always ideal, are
often clinically justifiable.”

To establish an optimal treatment strategy to achieve the
highest rate of response with the lowest incidence of adverse
effects of antipsychotics, an optimal plasma level of antipsy-
chotics has been explored.® At the same time, the D2 receptor
occupancy of antipsychotics estimated by using positron emis-
sion tomography (PET) and single-photon emission computed
tomography has provided more direct information on the rela-
tionships between the effects of antipsychotics and their sites
of action, that is, D2 receptors, in the living human brain.®
Such imaging indicates that there is an optimal D2 recep-
tor occupancy of antipsychotics (0Oc).® However, there are
limitations to the use of either the optimal plasma level or
00c,!° especially in application to patients with treatment-
resistant schizophrenia.!!-!2

D2 RECEPTOR DENSITY AND
TREATMENT-RESISTANT SCHIZOPHRENIA

It has been estimated that more than half of treatment-
resistant schizophrenia cases may be related to dopamine su-
persensitivity psychosis (DSP),!> and the proposed features of
DSP are shown in Table 1. Dopamine supersensitivity psycho-
sis, which was initially a problem in the 1970s, has re-
cently been on the rise again, possibly as a result of patients
switching their antipsychotic therapy from first-generation
antipsychotics (FGAs) to second-generation antipsychotics
(SGAs).!>!4 One of the mechanisms underlying DSP is sug-
gested to be up-regulation of dopamine D2 receptor density,
as the density of these receptors has been shown to increase
by at least 2-fold after long-term treatment with antipsy-
chotics,'® a finding that agrees with postmortem studies.®
In experimental animals as well, chronic or subchronic treat-
ment of D2 receptor antagonists increases D2 receptor
density,'”'” and induces behavioral supersensitivity.'® Taken
together, these results suggest that one of the mechanisms un-
derlying DSP is up-regulation of D2 receptor density after
long-term treatment of antipsychotics, although there has also
been a study suggesting that no up-regulation occurs.?® The
treatment difficulty in patients with DSP may therefore be due
to increased density of D2 receptors.
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TABLE 1. Proposed Features of DSP

Feature

Tolerance development for antipsychotics Development of tolerance for antipsychotics occurs in patients with DSP and
leads to an increase in doses needed for control of psychotic symptoms

Tardive dyskinesia as a predictor Presence or history of tardive dyskinesia is often observed in patients with
DSP and is the best predictor of DSP

Acute relapse or exacerbation of psychosis Acute relapse or exacerbation of psychosis appears after dose reduction or
discontinuation of antipsychotics

Vulnerability to minor stress Even minor life events and psychosocial stress induce relapse or exacerbation
of psychotic symptoms

On the other hand, approximately 10% of all cases of in guidelines and real clinical settings. Therefore, we here con-

first-episode schizophrenia occur in individuals older than sider the OOc and plasma level of antipsychotics from the
45 years, that is, they are cases of late-onset psychosis viewpoints of ligand-receptor interaction and estimation of the D2

(LOP). These elderly patients sometimes show therapeutic ef- receptor occupancy, although there may be other factors influ-
fects at lower doses of antipsychotic medication than younger encing treatment difficulty in these patients, such as differences
patients, but there is a general tendency for greater suscepti- in the pharmacokinetics of antipsychotics, including gene-based
bility to extrapyramidal side effects (EPS) and tardive dyski- or age-related differences.

nesia (TD) in these patients.?! Because the D2 receptor density

in the human brain decreases with age®** at a rate of ap-

proximately 10% per decade, this age-related reduction may OPTIMAL D2 RECEPTOR OCCUPANCY
be associated with the difficulty in treatment of these in- AND PLASMA LEVEL OF ANTIPSYCHOTICS,
dividuals, suggesting an etiology opposite that in treatment- AND D2 RECEPTOR DENSITY

resistant DSP.
Taken together, these findings suggest that alteration in ~ Number of D2 Receptor-Dopamine Complexes

D2 density may play important roles in the treatment resistance and Response to Dopamine

of patients with DSP or LOP, in the inappropriateness of the It is known that dopamine exhibits its activity by binding
reported OOc for these patients, and in the discrepancy in anti- to D2 receptors in a dose-dependent manner.?>2 On the other
psychotic doses between the evidence-based recommendations hand, the level of dopamine may determine the number of
Antipsychotics dopamine D2 receptors
levelin
the brain  7°0cCUpancy 50% reduction <——  standard ——> 100% up-regulation
available
receptors
| F OA*
oceupied EPS
receptors
available Joa:
receptors Psychosis
occupied
receptors
‘ 00C OA*
available }OA* 8808 }
receptors Q00 | Psychosis
Psychosis | OO QO
occupied @@@®
receptors 0000

FIGURE 1. Relationships of brain levels and occupancy of antipsychotics to alterations in the D2 receptor density. We assumed

3 patterns of occupancy, thatis, 40%, 60%, and 80%, under differently regulated conditions of D2 receptor density in this figure. We also
assumed 10 receptors per unit under the standard condition, 20 receptors per unit under the 100% up-regulated condition, and

5 receptors per unit under the 50% down-regulated condition. We set 4 receptors as OA* in this case. Extrapyramidal side effect appears
when the number of available receptors is lower than OA*, and psychosis appears when it is higher than OA*. OA* indicates the optimal
number of available receptors, in this case. Open circles indicate available D2 receptors. Green circles indicate D2 receptors occupied by
antipsychotics. One square indicates one unit volume as for D2 receptor density. Orange indicates levels of antipsychotic drugs, and
darker orange means higher concentration of antipsychotic drugs.
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D2 receptor-dopamine complexes under a constant level of D2
density, whereas the density of D2 receptors may determine the
number of such complexes under a constant level of dopamine.?®
When antipsychotics occupy only a percentage of D2 re-
ceptors, the remainder of the D2 receptors may be available
for dopamine binding and formulation of the D2 receptor-
dopamine complexes; we refer to these as available D2 re-
ceptors (Fig. 1). Positron emission tomography studies suggest
that there is an OOc for the treatment of patients with schizo-
phrenia,”?” which suggests that there may be an optimal range
in the number of available D2 receptors to yield adequate do-
pamine neurotransmission via D2 receptors in schizophrenia.

In experimental animals, it is known that chronic treatment
of dopamine agonists compensatively decreases D2 density,?
whereas chronic treatment of D2 receptor antagonists compen-
satively increases D2 density.!”"!° Our recent study indicated
that a subchronic treatment with aripiprazole, a partial D2 re-
ceptor agonist, did not alter the D2 density in drug-naive
rats, possibly because this treatment maintained adequate
neurotransmission but reduced the D2 density that had been
increased by a preceding subchronic treatment of haloperi-
dol, a D2 full antagonist. These results suggest that an
overblockade of dopamine transmission via D2 receptors
compensatively increases D2 density, whereas an overstimu-
lation decreases the density. On the other hand, adequate do-
pamine transmission maintains the density.

Considering these findings together, we hypothesize
that compensatory changes in D2 density may occur to
maintain a certain optimal range in the number of avail-
able D2 receptors that are necessary for adequate D2 recep-
tor neurotransmission. We also propose that the optimal range
of the number of available D2 receptors may be constant in
the antipsychotic treatment of patients with schizophrenia,
even when the D2 receptor density is varied.

Optimal Occupancy and Plasma Level

of Antipsychotics, and Number of D2 Receptors
The ideal D2 receptor occupancy of antipsychotics (Oc)

estimated by using PET is expressed as follows?7-2%30;

Oc=][ P/(P +EDS50)] (1)

where P is the plasma level of the antipsychotic drug and ED50
is the estimated plasma level of the antipsychotic drug associ-
ated with 50% receptor occupancy. Then, the OOc is expressed
as follows:

00c = [OP/(OP+ ED50)]

where OP is the corresponding optimal plasma level.

Equations 1 and 2 indicate that the occupancy is deter-
mined by the plasma level and is independent of D2 receptor
density. Therefore, the number of available D2 receptors may
differ with the D2 receptor density even under the same occu-
pancy. That is, as shown in Figure 1, even when the number
of available D2 receptors is within the optimal range of
available D2 receptors under the standard condition of D2
density, it may be lower under the down-regulated condition
and higher under the up-regulated condition even under the
same occupancy.

We calculated the OOc under the optimal number of
available D2 receptors as a constant and the D2 receptor den-
sity as a variable. Here, the relationship between the ratio of
the optimal number of available D2 receptors to the standard

@)
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D2 density [ROA(s)] for an individual patient, and the OOc
for standard D2 density [OOc(s)] is expressed as follows:

00c(s) =1 —ROA(s) (3)
Then, ROA(s) becomes:
ROA(s)=1— 0Oc(s) (4)

The ROA(s) may be known if OOc(s) is estimated by using PET
or single-photon emission computed tomography.® Next, the opti-
mal number of available D2 receptors, OA, is as follows:
OA = ROA(s) x Rt(s), (5)
where Ri(s) is the standard D2 receptor density. An OOc is then
expressed as follows:
00c =1 - OA/Rt, (6)
where Rt is the D2 receptor density. From equations 5 and 6,
OOc becomes:
0OOc = 1— ROA(s) x Rt(s)/Rt (7
Equation 7 indicates that the OOc is a dependent variable
of Rt / Rt(s), where Rt / Rt(s) is the ratio of the D2 receptor
density to the standard D2 receptor density. It is indicated that
an increase in OOc occurs with an increase in D2 density, that
is, up-regulation, whereas a decrease in OOc occurs with a de-
crease in the density. For example, if the range of the OOc is
65% to 78% under standard D2 density,” it increases to 82%
to 89% under 2-fold up-regulated density, whereas it decreases
to 42% to 63% under a 40% reduction in the D2 density (Fig. 2A).
Accordingly, Eq. 1 becomes:

OP = ED50/(1/00C —1) (8)
Thereby, equations 6 and 8 yield:
OP =ED50 x (Rt/OA —1) 9)

Therefore, higher doses of antipsychotic drug could be
used for patients with higher D2 density. A dose increase in
these patients would result in a higher plasma level>! and thereby
achieve the raised OOc. Here, when the plasma elimination half-
life of the drug is the same, the plasma drug level decreases to
a greater degree in cases of higher plasma level than in cases of
lower plasma level during the same time period, for example,
one plasma elimination half-life period (Fig. 2B). Therefore, the
drug level dissociated from the receptors would be higher and
the increase in the number of available D2 receptors would be
greater in cases of higher plasma level during the same time period.

Equations 8 and 9 also indicate that the administration of
lower doses of antipsychotic drug may achieve the OOc and that
the corresponding optimal plasma level is lower in cases of
lower D2 density (Fig. 2A). These potential associations in turn
suggest that the level of drug elimination from the plasma
would be smaller in cases of lower density than in cases of
higher density during the same time period, when the elimi-
nation half-life is the same (Fig. 2C). Therefore, it would take
a longer period to increase the number of available D2 re-
ceptors in cases of lower D2 density than in cases of higher
D2 density.

When the width of OP and the width of the optimal range
in number of available D2 receptors are OPw and OAw,
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FIGURE 2. Assumed relationships between the optimal D2 receptor occupancy and plasma level of antipsychotics and the D2 receptor
density. A, Relationship between the antipsychotic level and occupancy of D2 receptors. The range of the optimal D2 receptor occupancy
of antipsychotics is shown under a standard condition of D2 density and in the 2-fold up-regulated and 40% reduced conditions.

B, Reduction of D2 receptor occupancy and plasma level of antipsychotics during one plasma elimination half-life under an up-regulated
condition of D2 density. Under a 2-fold up-regulated condition of D2 density, the plasma drug level and D2 occupancy level fall below
the optimal range (b) even from the upper limit of the optimal level (a) during one elimination half-life of the drug. C, Reduction of
D2 receptor occupancy and plasma level of antipsychotics during one plasma elimination half-life under a down-regulated condition
of D2 density. Under a 40% reduced condition of D2 density, the plasma drug level and D2 occupancy level (b) is still within the optimal
range from the upper limit of the optimal level (a) during one elimination half-life of the drug. The blue lines on the curve and x-axis,
and the blue area indicate the optimal levels under the standard condition of D2 density; the red lines and red area indicate the optimal
levels under the 2-fold up-regulated condition; and the black lines and purple area indicate the optimal levels under a 40% reduced
condition. Red vertical lines indicate the duration of one plasma elimination half-life under a 2-fold up-regulated condition. Black vertical
lines indicate the duration of one plasma elimination half-life under a 40% reduced condition.
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