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Abstract. Twelve healthy male volunteers took part  in a 
double-blind randomised cross-over study composed of 
three treatment sessions: remoxipride 100rag; remoxi- 
pride 100 mg plus biperiden 4 rag; and biperiden 4 rag. 
Plasma and urine concentrations of remoxipride and 
biperiden, plasma prolactin levels, salivary flow and ad- 
verse events were recorded to assess pharmacodynamic 
interactions. Remoxipride and biperiden had no effect on 
each other's plasma concentrations. Biperiden did not 
affect the urinary recovery or renal clearance of remoxi- 
pride. Prolactin levels were unaffected by biperiden but 
increased following remoxipride administration. Differ- 
ences in prolactin Cmax and tmax following remoxipride 
versus concomitant (remoxipride + biperiden) treatment 
were not statistically significant. However, a slight but 
statistically significant (P = 0.04) increase in prolactin 
AUC was observed after concomitant treatment. No sig- 
nificant differences could be observed between the re- 
corded salivary flow in all the treatment sessions. Single 
doses of remoxipride and biperiden showed no pharma- 
cokinetic or pharmacodynamic interaction. 
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Remoxipride is a new benzamide derivative which selec- 
tively blocks dopamine D2-receptors (CIgren et al. 1984). 
The antipsychotic effect of remoxipride is similar to that of 
haloperidol but extrapyramidat side effects (EPS) are 
usually mild and less frequent and the need for concomi- 
tant anticholinergics for the alleviation of EPS is also 
lower for remoxipride (Lewander et al. 1990). Antipsy- 
chotic drug treatment is often accompanied by extra- 
pyramidal side effects and centrally acting anticholinergic 
drugs are frequently used for the relief of such effects (Friis 
et al. 1983; McEvoy 1983; Conti et al. 1984). 

A few studies have indicated that concomitant treat- 
ment with neuroleptics and anticholinergic drugs is asso- 
ciated with altered plasma levels of neuroleptics (Loga 
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et al. 1975; Rivera-Calimlin et al. 1976; Gautier et al. 1977; 
Morselli et al. 1980; Bamrah et al. 1986). In other studies 
no such effect has been found (Linnoila et al. 1977; Hansen 
et al. 1979). Biperiden is one of the most frequently used 
anticholinergic drugs. 

This study was designed to examine the pharma- 
cokinetic and pharmacodynamic interactions between re- 
moxipride and biperiden after single oral doses of both 
drugs in healthy volunteers. Plasma prolactin, salivary 
flow and adverse events were recorded to assess pharma- 
codynamic interactions. 

Material and methods 

Subjects. Twelve males, aged 22 32 years and body weight range of 
65 84 kg, were selected for the study. They were healthy according 
to physical examination, ECG and laboratory analysis of blood and 
urine chemistry. Three of the' subjects were smokers. None were 
taking other medications nor had anyone ever taken neuroleptics or 
anticholinergics previously. Beverages containing alcohol were with- 
held during the study period. 

The study which was conducted at the Department of Psychiatry 
and Psychology of the Karolinska Institute in Stockholm was 
performed according to the Declaration of Helsinki and was app- 
roved by the Ethics Committee of the Karolinska Hospital in 
Stockholm, Sweden. 

Study drugs. Remoxipride capsules (immediate release), containing 
100 nag remoxipride hydrochloride monohydrate and tablets of 
biperiden (Akineton, Meda AB, Sweden) containing 2 mg biperiden 
hydrochloride were used. Matching remoxipride placebo capsules 
and biperiden placebo tablets produced at the Department of 
Pharmaceutics, Astra Arcus S6dert/ilje were also administered. 

Study design and dosage. A double-blind randomised cross-over 
design with three treatment sessions (remoxipride 100 rag, remoxi- 
pride 100 mg plus biperiden 4 rag, and biperiden 4 rag) was used. 
The wash-out period between the treatment sessions was one week. 
The subjects entered the sessions in a random order. In session I 
subjects received two biperiden placebo tablets and 30 rain later a 
single capsule of 100 mg remoxipride. In session II subjects received 
a single 4 mg dose (2 x 2 rag) of biperiden tablets and 30 rain later a 
single capsule of 100 mg remoxipride. In session III subjects received 
a single 4 mg dose (2 x 2 rag) of biperiden tablets and half an hour 
later a single remoxipride placebo capsule. All the doses were taken 
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with 150 ml water after an overnight fast and before breakfast. No 
food was ingested for the next 2 h. 

During concomitant treatment, biperiden was administered 
30 min before remoxipride to enable it exert any possible peripheral 
anticholinergic effect on the gastrointestinal motility. This was 
expected to maximize the possibility of detecting any interaction at 
the stage of absorption. 

Samples. In each session venous blood samples (10 ml) for the 
biperiden, remoxipride and prolactin determinations were collected 
into heparinized tubes at 0.5, 1.0, 2.0, 3.0, 4.0, 8.0, I0.0, 24 and 32 h 
after administration of the first drug, i.e. biperiden or biperiden 
placebo. 

Urine was collected during the 0-24 h and 24-48 h following 
drug intake for the determination of unchanged remoxipride and 
biperiden. The volumes and pH of the collected urine were also 
recorded. 

Saliva was collected at 0, 1.0, 2.0, 3.0, 4.0, 6.0, 8.0, and 10 h after 
the administration of the first drug (biperiden or biperiden placebo). 
Salivary flow (g/rain) was estimated by inserting, under the tongue 
and between the cheeks and gums, nine dental rolls (three for each of 
three consecutive 2-min periods). The first three rolls were discarded 
while the last six previously weighed in their sealed container were 
weighed again in their container to determine salivary flow (g/rain) 
(Grimaldi et al. 1986). 

Analytical procedures. The concentrations of remoxipride in plasma 
and urine were measured by reverse phase liquid chromatography 
on a 3 gm octadecylsilicon column and UV absorbance detection 
(Nilsson 1990). The limit of accurate determination under the condi- 
tions used was 0.05 gmol/1. Biperiden concentrations in both plasma 
and urine were determined by mass fragmentography (Fredriksson 
1988a, b) at the Department of Bioanalytical Chemistry, Astra Arcus 
AB, S6dertfilje. 

A 100 gl aliquot of an aqueous solution of the internal standard, 
dihydrobiperiden ( ~ 10 nmol/1) and 0.5 ml 0.1 M NaOH was added 
to 2.0 ml plasma or 1 ml urine. The solution was extracted with 
n-hexane. To the organic phase was added 2 ml 0.5 phosphoric acid 
and after extraction with n-hexane the organic phase was discarded. 
The aqueous phase after alkatization with 10 M NaOH was ex- 
tracted with hexane. The organic layer was evaporated and the 
residue was taken up in 10 gt methanol, 2 gt of which was injected 
into the GC-MS. The limit of quantification were 0.5 nmol/t for 
plasma and 1.0 nmol/1 for urine. The inter-assay precision values 
were 37% (CV) at 0.5 nmol/1 and 7.7% at 5.18 nmol/l for plasma and 
18% at 1.0 nmol/1 and 8% at t5.54 nmot/1 for urine. 

Concentrations of remoxipride and Nperiden are given in gmol/1 
and nmol/I, respectively. They may be easily converted into gg/ml 
and ng/ml by the following conversion factors: 

For remoxipride 1 gmol/1 -~ 2.34 ~g/ml whereas 
for biperiden 1 mmol/1 ~- 2.87 ng/ml. 

Prolactin was analysed by a commercial radioimmunoassay kit 
(Diagnostic Product Coorporation, Los Angeles, California) at the 
Unit of Applied Biochemistry, Huddinge Hospital, Huddinge, 
Sweden. 

Pharmacokinetic calculations. The individual maximum plasma con- 
centrations of remoxipride and biperiden (Cmax) and the time to peak 
(tmax) were estimated. The areas under the plasma drug concentra- 
tion versus time curves (AUC) were estimated using the log-trapezoi- 
dal rule. The elimination half-lives of the drugs were estimated from 
the terminal, apparently linear part of the semilogarithmic plasma 
drug concentration versus time curve. 

The renal clearance was estimated by the ratio of the total 
amount of unchanged drug excreted in the urine to the plasma AUC 
of the drug (Gibaldi and Perrier 1982) as shown: 

Aeo ,s where Ae 0 4s is the total amount of un- 
C L  R = - -  AUC changed drug excreted in urine in 48 h. 

Adverse events. The subjects were observed continuously for 8 h 
following drug administration, alter which they were also subjected 
to open questioning on whether they have experienced something 
unusual after drug intake. Adverse events spontaneously reported by 
the subject or observed by the investigator were recorded and onset, 
severity and duration of each event were specified. 

Clinical and laboratory tests. Clinical chemistry and hematology 
variables were measured at health examination before the study and 
1 week after the last session. 

Statistical method. The Hodges Lehmann estimates and Tukey 
confidence intervals based on Wilcoxon's signed rank statistic were 
used to estimate the differences and evaluate the hypothesis that 
there is no difference in the pharmacokinetic and pharmacodynamic 
parameters between the three treatment sessions (Hollander 1973). 

Resu l t s  

Plasma concentrations 

Figure 1 shows the mean  remoxipride plasma concentra-  
t ion vs time curves for the single 100 mg remoxipride dose 
when administered alone and  when given 30 min  after 
biperiden. The two curves are almost  superimposable.  The 
pharmacokinet ic  parameters  of remoxipride during 
mono t r ea tmen t  and concomi tan t  with biperiden are pro- 
vided in "Fable 1. There were no statistically significant 
differences (P > 0.07) in any of the parameters  between 
the two t reatment  sessions. The in t ra individual  session to 
session var ia t ion of the remoxipride plasma concentra t ion  
was very small. 

The mean biperiden plasma concentra t ion  versus time 
curves following a single 4 mg dose of biperiden and that 
after concomi tan t  adminis t ra t ion  of a 100mg dose of 
remoxipride are presented in Fig. 2. In both sessions the 
plasma concent ra t ion  curve of biperiden shows a biexpon- 
ential decay. The pharmacokinet ic  parameters  of biperi- 
den are provided in Table 1. 

The long half-life of biperiden and the low concentra-  
tions bordering the limit of de terminat ion towards its 
terminal  phase made it difficult to accurately estimate the 
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Fig. 1. Mean plasma remoxipride levels versus time profile in heal- 
thy male volunteers following single oral doses of 100mg re- 
moxipride (RM) alone and concomitantly given with 4 mg biperiden 
(RB). D - -  RM; - - - O - - -  RM + BP 



Table 1. Mean (SD) pharmacokine- 
tic parameters of remoxipride (RM) 
and biperiden (BP) 

Parameter RM BP 

RM RM + BP BP BP + RM 

Cm.x (gmol. 1-1)a 3.93 (t.00) 3.62 (0.52) 9.22 (6.t0) 9.28 (5.53) 
t .... (h) 1.57 (0.80) 1.65 (0.83) 1.85 (1.05) 1.48 (0.81) b 
AUC, (~tmol-h- 1 1)~ 28.22 (9.22) 27.78 (6.04) 53.91 (51.3) 40.44 (36.27) 
t 1!2 (h) 4,47 (0.92) 4.59 (0.87) - -  - -  
CL~ (ml/min) 69.0 (31.4) 67.8 (22.9) - -  

~Cm~ x and AUC units for BP were in nmol. 1 - 1 and nmol" h" 1 - 1, respectively 
bp < 0.05 (compared to monotreatment) 
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Fig. 2. Mean plasma biperiden levels versus time profile in healthy 
male volunteers following single oral doses of 4 mg biperiden (BP) 
alone and concomitantly given with 100rag remoxipride (BP 
+ R M ) . - - ~ - -  BP; ---O---  BP + RM 

half-life. Compar i sons  of  the half-lives were thus excluded 
in the case of  biperiden, Biperiden is a high clearance drug 
with a large first-pass effect (Grimaldi 1986). As expected, 
there was a large interindividual variation, up to 8-fold in 
Cma x and 40-fold in AUC,  observed in both treatment 
sessions. Nevertheless, no statistically significant differ- 
ences were found in Cma x and AUC.  A statistically signific- 
ant (P = 0.04) difference in tma x w a s  observed with con- 
comitant  t reatment  as compared  to monotrea tment .  

Table 2. Urinary excretion of remoxipride 

Remoxipride Remoxipride + Biperiden 

Urine volume (ml) 3382 _+ 941 3333 ± 725 
Amount RM excreted 47.0 _+ 17.1 45.4 + 13.1 

(gmol) 
RM% recovery 20.0 ± 7.3 19.3 +_ 5.6 
RM CL R (ml/min) 69.0 _+ 31.4 67.8 _ 5.6 
pH 6.0 _+ 0.4 6.2 -t-_ 0.2 
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Fig. 3. Mean plasma prolactin levels in healthy male volunteers 
following single oral doses of 100 mg remoxipride (RM) alone and 
concomitantly given with 4 mg biperiden (RM + BP). [ ] - -  BP; -- 
-O N- -BP+RM;  ~ RM 

Urinary excretion 

Urine was collected during 48 h after dosing in two 24 h 
portions, The urine volume, amoun t  of  unchanged re- 
moxipride excreted, the per cent recovery of  remoxipride, 
the renal clearance (CLR) and the pH during mono-  
t reatment  with a single 100 mg dose of  remoxipride (RM) 
and when 4 mg biperiden (BP) was concomitant ly  admin- 
istered are summarized in Table 2. 

Although large interindividual variations were ob- 
served within each treatment  group, e.g. 3-fold variat ion 
in the amoun t  of  unchanged drug excreted, the intra- 
individual variat ion between the t reatment  sessions was 
low. A paired compar ison  of  all the parameters  measured 
showed that there is no statistically significant difference 
(P > 0.67) in any of the parameters  between the treatment 
sessions. 

Biperiden is a high clearance drug with essentially 0% 
recovery of unchanged drug in the urine. Therefore the 
renal clearance for biperiden could no t  be estimated. 

Prolactin concentrations 

The mean plasma prolactin levels during the three treat- 
ment  sessions are shown in Fig. 3 and the mean prolactin 
kinetic parameters are presented in Table 3. The prolactin 
levels after biperiden administrat ion were within normal  
values (i.e. below 20 gg/1) accordingly biperiden does not  
seem to influence the levels of  prolactin. Addit ion of  
biperiden to the remoxipride t reatment  was not  associated 
with any change in the prolactin Cmax and t . . . .  however, a 
statistically significant (P = 0.04) increase in prolactin 
A U C  was observed. 
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Table 3. Mean (SD) kinetic parameters of 
prolactin Parameter RM RM + BP BP 

C .... (gg/'l) 59.84 (25.1) 64.70 (33.6) 10.50 (2.90) b 
t .... (h) 1.5 (0.6) 1.2 (0.5) - -  
AUCo-24 (omol-h-1 1) 363.4 (100.3) 420.0 (144.3) ~ 220.6 (61.4) b 

"C .... and AUC units for BP were in nmol- l - : and nmoI- h" I - ~, respectively 
up < 0,05 (compared to monotreannent) 

Parameter RM BP BP + RM 

Flowm~ ~ (g/min) 1.10 (0.60) 0.98 (0,41) 1.12 (0.57) 
tm~ ~ (h) 7.17 (2.06) 8.50 (1.93) 7.73 (2.46) 
AUC~ (g" h" min - ~) 6.43 (3.32) 6.44 (2.90) 7.04 (3.37) 

Table 4. Mean (SD) parameters derived from 
salivary flow measurements 
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Fig. 4. Mean (N = 12) salivary flow (g/min) in healthy male volunt- 
eers following: a single dose of 4 mg biperiden (BP): a single dose of 
100 mg remoxipride (RM) and when both drugs are given cohcomi- 
tantly (RM + BP). 77 BP - - -©- - -  BP + RM; - - A - -  RM 

Salivary secretion 

The mean sal ivary flow profiles are shown in Fig. 4 and 
the mean  pa ramete r s  derived from sal ivary flow are sum- 
mar ized  in Table  4. The sal ivary flow with regard  to 
maximal  sal ivary flow rate, the t ime for max imal  flow, and 
the area  under  the sal ivary flow rate versus t ime curve was 
not  significantly different (P > 0.08) between any of  the 
three t rea tment  sessions. 

Adverse events 

The most  frequently recorded mild to modera t e  adverse  
events dur ing  all the three t rea tment  sessions were t ired- 
ness and  dizziness as shown in Table  5. Five subjects 
exper ienced dryness of the mouth ,  two dur ing  biperiden,  
two dur ing  concomi tan t  adminis t ra t ion ,  and one dur ing 
remoxipr ide  mono t rea tmen t .  The feeling of being un- 
balanced,  in toxica ted  or  less coord ina ted  was repor ted  on 
five occasions but  could not  be a t t r ibu ted  to any treat-  
ment  g roup  as they were r andomly  dis t r ibuted.  A feeling 
of restlessness or  unease in the legs was repor ted  on four 

Table 5. The number of subjects recording mild to moderate ad- 
verse events following single dose administrations of 100 mg re- 
moxipride (RM), 4 mg biperiden (BP) and the concomitant intake of 
both drugs (RM + BP) in healthy male volunteers (N = 12) 

Adverse event Treatment 

RM RM + BP BP 

Tiredness I0 6 4 
Dry mouth 1 2 2 
Dizziness I 3 2 
Discoordinated 1 1 3 
Tremor - 1 1 
Concentration difficulty ........... l 
Restlessness 3 1 

occasions,  three after the concomi tan t  t rea tment  and one 
after b iper iden mono t rea tmen t .  

Discussion and conclusions 

In the present  s tudy pha rmacok ine t i c  and  pha rmacodyn -  
amic in teract ions  between remoxipr ide  and biper iden 
were examined.  The mean remoxipr ide  p lasma  concentra-  
t ion curves dur ing  m o n o t r e a t m e n t  and  concomi tan t  t reat-  
ment  were a lmost  super imposable ,  indica t ing  that  biperi-  
den had  no effects on the pharmacokine t i cs  of remoxi-  
pride. In addi t ion ,  this f inding may  indicate  a r emarkab ly  
low in t ra indiv idual  var iabi l i ty  in the pharmacok ine t i c s  of 
remoxipr ide.  

Biper iden is an ant ichol inergic  agent,  and  such agents  
may  cause a reduct ion in gastr ic  and intest inal  mot i l i ty  
leading to p ro longed  intest inal  t ransi t  time, which in turn 
may  affect the extent  and /o r  rate of abso rp t ion  of drugs  
that  are concomi tan t ly  taken. Dur ing  the concomi tan t  
t rea tment  b iper iden was given 30 min before remoxipr ide  
to enable  it exert  maximal  effect on remoxipr ide  absorp-  
tion. However ,  such effects do  not  seem to be quant i t a t -  
ively impor t an t  since no significant differences in either 
the extent  (AUC) or the rate (t . . . .  C .. . .  ) of absorp t ion  of 
remoxipr ide  was found. Fur the rmore ,  the renal  c learance 
of remoxipr ide  did  not  differ between the two t rea tment  
sessions. No  significant effects of remoxipr ide  on the 
pharmacokine t ics  of b iper iden were observed in both the 
p lasma and urine data.  Thus these two drugs do not  seem 



31 

to influence each others absorption, metabolism or renal 
elimination. 

The plasma concentrations of remoxipride in this 
study approached those associated with clinical efficacy in 
clinical trails (Jostell et al. 1990). The biperiden levels on 
the other hand were somewhat lower than those obtained 
in some patients on a daily dose regime with biperiden. 
Findings from single dose studies cannot simply be extra- 
polated to events during continuous therapy. However, 
the absence of any evident kinetic interaction in the 
present study makes it less likely that there should be any 
significant kinetic interaction during clinical use. 

A single 4 mg of biperiden had no evident effect on the 
plasma prolactin levels, whereas a single 100 mg dose of 
remoxipride caused an expected increase in serum pro- 
lactin (yon Bahr et al. 1990). Comparison of the prolactin 
levels after remoxipride monotreatment  to that after con- 
comitant administration with biperiden showed a slight 
but significant (P = 0.04) increase in prolactin AUC but 
not in Cmax after the concomitant treatment. The effect of 
the addition of anticholinergics to neuroleptic treatment 
on the prolactin levels has been inconsistently reported in 
the literature. Johnstone et al. (1983) and de Rivera et al. 
(1976) found no effect in patients treated acutely with 
neuroleptics. Others (Lal et al. 1979; Halbreich et al. 1980; 
Nathan et al. 1985) have found that benzotropine admin- 
istration to healthy volunteers produced an increased 
prolactin response to haloperidol. 

Biperiden as an anticholinergic agent would be ex- 
pected to cause a decrease in the salivary flow rate which 
will be subjectively manifested as dryness of mouth. How- 
ever, in the present study no measurable difference could 
be detected between the salivary flow rate profiles between 
any of the treatment sessions. Grimaldi et al. (1986) also 
reported similar results, and explained their finding by a 
low sensitivity of this measurement in assessing antichol- 
inergic activity, or, alternatively, by proposing a predom- 
inantly central action of biperiden. Our findings of no 
effect on the measured salivary flow rate are consistent 
with the recorded low incidence of dryness of mouth, 
suggesting that biperiden probably has predominantly 
central action. 

Centrally acting anticholinergic have been reported 
to cause feelings of euphoria and a sense of well-being 
(Janowsky 1984). In the present study none of the subjects 
reported euphoria after biperiden although tiredness was 
less frequently reported in the remoxipride + biperiden 
treatment t han  in, the remoxipride treatment. The most 
frequently recorded side effects after a single 140mg 
remoxipride to healthy male volunteers were tiredness, 
sedation and akathisia (Farde 1988). In the present study 
the reported adverse events in the three treatment sessions 
were not distributed in any distinct pattern. Each of the 
effects restlessness a n d  feeling of poor  coordination were 
recorded in all three sessions. Therefore the results from 
the prolactin~ salivary flow measurements and the dis- 
tribution of the adverse events seem to indicate the ab- 
sence of any pharmacodynamic interaction between re- 
moxipride and biperiden. 

In conclusion, biperiden can be recommended for use 
in those situations~w.hen anticholinergic drugs are needed 
during remoxipride therapy. 
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