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Abstract 

Purpose Blonanserin is a novel potent dopamine D2 and serotonin 5-HT2 antagonist for the treatment 

of schi zophrenia. The ai m o f th is st udy was to  investigate the prandial effects on the systemic 

exposure to blonanserin in healthy volunteers with particular attention to the effect of the timing of 

dosing relative to meal intake. 

Methods Volunteers received a single 2-mg oral dose of blonanserin under the following conditions: 

fasting, 30 min before eating a standard meal, or 30 min, 2 h or 4 h after eating the meal. Plasma 

concentrations of  blonanserin were  m easured using v alidated hi gh-performance li quid 

chromatography coupled to tandem mass spectrometry. 

Results The r atios and 90% conf idence inter vals of t he geometric m eans co mpared to the fas ting 

condition indicated tha t the  maximum concentrations of blonanserin (C max) signifi cantly increased 

with dosing 30 min before meal intake, 30 min, 2 h and 4 h after meal intake, yielding by 330, 239, 

272 and 138%, respect ively. The tr uncated area under the c oncentration-time curve (AUC last) also 

increased by 386, 201, 256 and 155%, respectively. There was no difference in the values of the time 

to reach maximum concentration between the fasting and the four fed states.   

Conclusions Food intake increased the systemic exposure to blonanserin by more than twofold for 

all time intervals investigated in this study. Our results suggest that blonanserin can be administered 

between 30 min before and 4 h after eating, or immediately before bedtime as a 4-h interval between 
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the evening meal and bedtime is normal.  

 

Keywords: food, t ime, d opamine D 2 and s erotonin 5-H T2 a ntagonist, bl onanserin, sy stemic 

exposure 
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Introduction 

Blonanserin [2-(4-ethyl-1-piperazinyl)-4-(4-fluorophenyl)-5,6,7,8,9,10-hexahydrocycloocta 

[b]pyridine, AD-5423] is a no vel a typical a ntipsychotic age nt, st ructurally unr elated t o ex isting 

atypical drugs such as r isperidone and clozapine [1-2]. Blonanserin has been shown to have potent 

dopamine D2 and serotonin 5-HT2 antagonist properties, while it is  almost devoid of histamine H1 

and muscarinic M 1 antagonist act ivities [1]. Clinical trials carried out in Japan have demonstrated 

that bl onanserin is ef fective i n th e treatm ent of bot h p ositive and negative sym ptoms of 

schizophrenia [2]. A recent double-blind study in a non-Japanese population reported that the  drug 

was effective in the treatment of acute schizophrenia and showed greater ef ficacy for the negative 

symptoms compared to the placebo and to haloperidol [3]. Blonanserin was well tolerated [3-4], and 

its safety  profile c ompared favo urably with haloperidol, p articularly with resp ect to prolactin 

elevation and the frequency of extrapyramidal symptoms [3].  

Blonanserin was approved for t he treatment of schizophrenia in Japan in January of 2 008, 

and the standard maintenance dose is 4 to 8 mg given twice daily after a meal [2]. Previous phase I 

clinical st udy dat a show t hat blonanserin is rapidly a bsorbed a nd reaches t he m aximum plasm a 

concentration at around 1.4 to 1.7 h [1]. In addition, the plasma elimination half-lives for blonanserin 

are 4. 1 to 4. 8 h in non-Japanese [1] a nd 10 .7 to  1 6.2 h i n Ja panese hea lthy v olunteers [2] u nder 

fasting c onditions. T o the bes t of  o ur kn owledge, however, there h as b een l ittle i nformation 
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regarding the time effects of food intake on the pharmacokinetics of blonanserin. 

The aim of this study was thus to examine the systemic exposure to blonanserin after a single 

oral administration under fasting and fed conditions, with particular attention devoted to the effect of 

the timing of dosing relative to meal intake on and blonanserin absorption.  
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Methods 

Subjects 

Ten he althy J apanese v olunteers (6 m ales an d 4 fem ales) w ere s tudied as per a pro tocol 

approved by the Ethics Committee of Hirosaki University School of Medicine after obtaining written 

informed consent. The mean ± standard deviation values of age was 24.2 ± 2.6 year s, and the mean 

body w eight w as 54. 1 ± 5.0 kg. Candidates w ith health pro blems, drug or al cohol a buse, or 

laboratory abnormalities on screening were excluded. 

 

Study design  

This study was conducted as a randomised, open-label, five-sequence, Latin-square crossover 

study w ith a washout interval of 2 w eeks. E ach su bject w as ran domly assigne d to fi ve-sequence 

groups and r eceived a si ngle 2-m g ora l dose  of blonans erin (Lonasen® , Dai nippon Sum itomo 

Pharma Co.,  Ltd, Osaka, Japan) with 200 mL of t ap water a t 9 am after  an overnight fast  (fasting 

state) or under fed conditions with a standard western meal. For the fed conditions, subjects took the 

drug 30 min before eating the meal (fed state 1), or 30 min, 2 h or 4 h after eating the meal (fed state 

2, 3 or 4, respectively). Subjects ate the meal at 9:30 am, 8:30 am, 7:00 am or 5:00 am in fed state 1, 

2, 3 or 4, respectively. The standard western meal was hamburger (722 kcal). Fat, carbohydrate and 

protein contents of the meal were 42.4 g (53.9%), 58.9 g (32.7%) and 20.7 g (14.4%), respectively, 
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based on information provided on the Web sites http://www.mcdonalds.co.jp/. No meal was allowed 

until 6 h after the administration of blonanserin or after breakfast for fed state 1. The consumption of 

alcohol, tea, coffee, co la or gra pefruit juice was for bidden d uring the  tes t d ays. A  safety  a nd 

tolerability evaluation was carried out by spontaneous reporting of adverse events and by using the 

Udvalg for Kliniske Undersogelser (UKU) Side Effect Rating Scale for measuring unwanted effects 

of psychotropic drugs [5].  

 

Sample collection and blonanserin measurement 

Blood sam ples (10 mL eac h) for the determination of  plasm a level s of blo nanserin w ere 

taken in heparinised tubes just before and 1 , 2 , 3 , 4, 6, 8,  12 and 24 h  after the administration of 

blonanserin. Plasma was sep arated i mmediately a nd stored at  -3 0 ºC un til analysi s. Blo nanserin 

(AD-5423) a nd [ 2H5]AD-5423 (an internal standard (I S)) we re sup plied by Dain ippon Sum itomo 

Pharma Co., Ltd (Osaka, Japan). All reagents were purchased from Wako Pure Chemical Industries 

(Kyoto, Japan) except for 0.1 mol/L phosphate buffer (pH 6.8), which was purchased from Nakalai 

Tesque, Inc. (Kyoto, Japan). Plasma concentrations of blonanserin were determined by a v alidated 

liquid chrom atography m ethod w ith t andem mass spectrom etry (LC/MS/MS) devel oped a t JCL  

Bioassay Co. (Osaka, Japan). Briefly, blonanserin and IS were extracted from human plasma with an 

OASIS HLB soli d phas e e xtraction cartridge (60 m g/3 cc). After the el uate wa s eva porated to 
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dryness by centrifugal concentration, the extraction residue was reconstituted with 0.1 vol% formic 

acid so lution/methanol (80: 20, v/ v). An  a liquot o f t his so lution wa s th en injected in to t he 

LC/MS/MS s ystem (API4000 system ) equipped with a YMC-Pack  Pro C18  column. Grad ient 

elution was perfo rmed wi th 0 .1 vo l% fo rmic aci d sol ution/methanol (8 0:20, v/ v) an d 0.1  vo l% 

formic acid solution/methanol (20:80, v/v) as the mobile phases. The measurement was conducted in 

the multiple reaction monitoring mode with el ectrospray ionisation and positive ion detection. The 

method was validated for t he concentration range 10 to 1000 pg/mL. Intra- a nd inter-day relat ive 

standard deviations for a concentration of 10 pg/mL were 7.9% and 4.9%, respectively. The limit of 

quantification was 10 pg/mL. 

 

Statistical analysis 

The m aximum plasm a conce ntrations ( Cmax), the  ti me to rea ch maximum conce ntration 

(Tmax), the tr uncated area under the concentration-time curve from  ti me 0 to the t ime of las t 

quantifiable concentration (AUClast) calculated by linear trapezoidal summation and the elimination 

half-life (T 1/2) w ere esti mated usi ng no n-compartmental m ethods. S tatistical a nalyses were 

performed using SPSS software (v ersion 17.0, SPSS I nc., Chicago,  IL, USA). The point estimate 

and 90% confidence interval (CI) [6-7] for the geom etric mean ratio of each fed state relative to the 

fasting state in log-transformed Cmax and AUClast were calculated by analysis of variance (ANOVA) 
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using a mixed effects model fitting sequence, with period and treatment as fixed effects and subject 

(sequence) as a random effect. A lack of effect of food was concluded if the 90% CI was within the 

range of 0.80 to 1.25. The differences in the median of Tmax were compared using the Kruskal-Wallis 

test. A p-value less than 0.05 was considered statistically significant. 
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Results 

All plasm a conc entrations of blo nanserin w ere be low the lim it of qua ntification before 

administration. Figure 1 shows the mean concentration-time profile of blonanserin under fasting and 

fed c onditions, an d t he co rresponding pharmacokinetic param eters are sum marised i n Table 1. 

Following the administration of blonanserin under the fasting condition, Cmax was achieved at 2.0 h 

after dos ing. Under the fed conditions, the median T max was del ayed to 2.7 h  with  dosing 30  min 

before meal intake (fed state 1). The median Tmax accelerated to 1.5 h with dosing 30 min after meal 

intake (fed state 2) and was 2.0 h with dosing at both 2 and 4 h after meal intake (fed states 3 and 4; 

Figure 1, Table 1). There were, however, no significant differences between the fasting state and fed 

states (p>0.05). 

The geometric mean ratio between fed state 1 and the fasting state was 4.30 (90% CI 2.01,  

9.18) for Cmax and 4.86 (2.31, 10.19) for AUClast. The geometric mean ratio between fed state 2 and 

the fasting state was 3.39 (1.59, 7.25) for Cmax and 3.01 (1.44, 6.32) for AUClast. For the fed state 3  

and the fasting state, the geometric mean ratio was 3.72 (1.74, 7.95) for C max and 3.56 (1.70, 7.48) 

for AUClast. Finally, the geometric mean ratio between fed state 4 and the fasting state was 2.38 (1.11, 

5.08) for C max and 2.55 (1.21, 5.35) for AUClast. The Cmax increased by 330, 239, 272 and 138% in 

fed states 1, 2, 3 and 4, respectively. The AUClast also increased by 386, 201, 256 and 155% in fed 

states 1,  2, 3 an d 4, resp ectively. Th ese resul ts showed rem arkable dif ferences in the e xtent of 
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maximum plasm a drug c oncentrations and dru g absorption rat es be tween t he fed and fast ing 

conditions (Figure 1, Table 1).  

Mild psy chological si de ef fects, e. g. c oncentration di fficulty, lat ency and sle epiness, w ere 

observed from 2 to 6 h aft er blonanserin administration in 4 s ubjects under both the fasting and fed 

conditions; however, there was no change in the UKU score between fasting and fed conditions (data 

not shown).  
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Discussion 

This is the fi rst rep ort of the tim e ef fects of fo od i ntake on t he sy stemic ex posure t o 

blonanserin, a novel atypical antipsychotic agent. The findings of this study showed that food has a 

significant influence on th e ext ent of a bsorption of b lonanserin. T he C max and the AUC last wer e 

significantly higher under all of the fed conditions investigated in this study compared to those of the 

fasting condition, wi th n o significant d ifference i n the T max (Figure  1,  Table 1).  We t hus pr ovide 

evidence that the systemic exposure to blonanserin can be significantly increased if pat ients receive 

the drug between 30 min before and 4 h after meal intake. 

The current study is  consistent with  the l iterature regarding the significant increases of the 

drug a bsorption w hen the drug is  a dministered ei ther co ncomitantly w ith or  aft er ea ting a m eal 

[8-13]. The findings of this study indicated that the increase of systemic exposures to blonanserin 

continues u ntil at  l east 4 h after fo od in take. Th is is  l ikely due t o t he amount of  tim e that  foo d, 

particularly fat, re mains in t he gastrointestinal tract (3 t o 4 h) [8-9].  We can spe culate the possible 

mechanisms o f the food-ef fects observed in t his st udy that , firstly, elevation of gastric pH due  to 

food i ntake may increase  t he sol ubility of blonanserine, because t he o ctanol/water partition 

coefficient of blonanserin increases with respect to the increase of pH up to pH 8.3 [2].  Secondly, 

increased splanchnic blood flow may influence absorption of drugs that are extensively metabolised 

as a result of changes in the clearance of drugs during the first pass through the hepatoportal system 
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[8-9, 13]. Thirdly, consumption of foo d enhances biliary activity in r esponse to dietary fat, an d the 

increased activity of bile salts induced by the meal improves stability of emulsion phase within the 

gut lumen, which increases the absorption of drugs [8-9]. 

Blonanserin i s metabolised mainly by  cy tochrome P450 (CY P) 3A 4 [2], an d so me foods, 

such as grap efruit j uice, may inhibi t t his e nzyme [14]. Sev eral compounds i n gra pefruit j uice 

increase the absorption of many drugs based on the inhibition of CYP3A4 in the lumen of the small 

intestine [14]. The mean values of Cmax and AUClast of blonanserin were increased by 1.77-fold and 

1.83-fold, respectively, aft er inges tion of 200 m l of grapefrui t j uice [2]. In this study, a ll subjects 

were restrict ed fro m inta ke of gra pefruit jui ce a nd ot her d ietary c omponents th at af fect CY P3A4 

activity. The elevation of plasma concentrations of blonanserin in th e fed conditions might thus be 

attributable to the enhanced absorption of blonanserin caused by food intake. 

Previous studies have indicated that the bioavailability of som e drugs is he avily influenced 

by the timing of meals [10-12] and may be different from the fast ing state. In this study, there were 

remarkable differences in the Cmax and the AUClast between with dosing 30 min before, 30 min, 2 h 

and 4 h after meal intake (Figure 1, Table 1). However, our findings indicated that a single 2-mg oral 

dose of b lonanserin u p t o 4 h after a  meal res ults in more than 155% gre ater sy stemic ex posure 

compared to administration of the dr ug under fas ting conditions. The repeated doses of blonanserin 

showed po tent st riatal D 2 receptor activity in t he posit ron em ission tom ography study at 5 to 15 
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mg/day (pers onal c ommunication, Dai nippon Sumitomo Pharm a Co., L td). A recent  st udy 

demonstrated that the high daily doses, 5 and 10 mg/day, of blonanserin were more effective against 

the negative symptom than the low dose (2.5 mg/day) under fed conditions in pa tients wi th acute 

schizophrenia [3]. Taken together, our results suggest that blonanserin may offer reasonable efficacy 

when given at dosing intervals of a t least 4 h after meal intake compared to administration of the 

drug under fasting conditions.  

The majority of pa tients with acute schizophrenia reported mild to moderate adverse events, 

such as insomnia and somnolence, after repea ted oral doses (2.5 to 10 mg/day) of blo nanserin, and 

the incidence has a tendency to i ncrease by the  amount of t he daily dose  of blonanserin [3]. F or 

example, the incidences of insomnia were 4.9, 8.6 and 9.4% with the repeated daily doses of 2. 5, 5 

and 10 mg blonanserin, respectively [3]. In this study, mild psychological side effects were observed 

after a single 2-mg oral dose of blonanserin in 4 subjects under both the fasting and fed conditions; 

however, there was no difference in the UKU score between the fasting and fed conditions.  

In conclusion, the present study suggests that the effect of food on blonanserin absorption is 

evident and continues with dosing from 30 min before to 4 h after eating a meal. The administration 

of bl onanserin w ith l ong p eriods of fast ing m ight re duce its efficacy, an d p atients sho uld rece ive 

blonanserin between 30  min befo re and 4 h aft er eating. Moreover, our fi ndings also suggest that 

blonanserin can be administered immediately before bedtime, as a 4- h interval between the evening 
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meal and bedtime is normal, thus avoiding psychological side effects, such as latency and sleepiness. 
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Table 1 Plasma pharmacokinetic parameters of blonanserin after a single 2-mg oral administration under fasting conditions (fasting state), 30 min before meal intake 

(fed state 1), 30 min after meal intake (fed state 2), 2 h after meal intake (fed state 3) and 4 h after meal intake (fed state 4) (n=10 each). 

Ratio of adjusted meansb

Parametera Fasting state fed state 1 fed state 2 fed state 3 fed state 4 fed state 1 fed state 2 fed state 3 fed state 4

Cmax (pg/mL) 99.9 (77.4) 342 (34.1) 317 (66.0) 322 (54.8) 220 (64.2) 4.30 (2.01, 9.18) 3.39 (1.59, 7.25) 3.72 (1.74, 7.95) 2.38 (1.11, 5.08)

AUClast (pg h/mL) 721 (83.4) 2766 (44.1) 1965 (77.3) 2073 (51.3) 1607 (70.7) 4.86 (2.31, 10.19) 3.01 (1.44, 6.32) 3.56 (1.70, 7.48) 2.55 (1.21, 5.35)

Tmax (h) 2.0 (1.0-4.0) 2.7 (1.0-4.0) 1.5 (1.0-2.0) 2.0 (1.0-3.0) 2.0 (1.0-4.0) - - - -

T1/2 (h) 11.12 ± 4.183 13.09 ± 3.473 13.52 ± 4.395 13.01 ± 4.353 14.25 ± 4.974 - - - -
a Cmax, maximumplasma concentration; AUClast, area under the plasma concentration vs. time curve from time 0 to the time of the last quantifiable concentration; Tmax, time to 

reach maximum concentration; T1/2, terminal elimination half-life. Cmax and AUClast are given as geometric means with the coefficients of variation in parenthesis; Tmax is given 

as the median with the range in parenthesis; T1/2 is given as the arithmetic mean with the standard deviation ± the standard deviation. 
b Expressed as a the geometric means compared to the fasting condition for Cmax and AUClast in the four fed states with 90% confidence interval in parenthesis. 
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Legends to figures 

Fig. 1 Pl asma conce ntration of bl onanserin i n healthy v olunteers after a single 2-mg oral  

administration under fasting conditions (fasting state), 30 min before meal intake ( fed state 1),  30 

min after meal intake (fed s tate 2), 2 h after meal intake (fed state 3) and 4 h after meal intake (fed 

state 4) (mean ± standard error, n=10 each)       
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Figure 1  
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