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Abstract

The in-vivo pharmacodynamics of S-2150, a newly developed dual-blocking type anti-
hypertensive drug, was evaluated following intravenous infusion to rats. Previous in-vitro
studies showed that the drug has two distinct mechanisms of antihypertensive effectÐ
calcium-channel blocking activity and a1-adrenoceptor antagonismÐwhich could be
explained by a combination of two different pharmacodynamic models.

The present in-vivo study showed that S-2150 also displays a complex pharmaco-
dynamic pro®le (as measured by the decrease in mean blood pressure), which could be
described by a combination of two sigmoid Emax models independently connected with the
central compartment and the effect compartment.

These results suggested that the dual-blocking mechanism of S-2150, which has been
observed in in-vitro experiments, was also evaluated by the pharmacodynamic analysis of
in-vivo experimental data.

Safe, effective dosing design in pharmacotherapy
requires understanding of the dose±effect relation-
ship. An effect pro®le of a drug can be described by
relating its pharmacokinetics for explanation of its
concentration±time course pro®le with pharmaco-
dynamics to explain the concentration±effect rela-
tionship (Holford & Sheiner 1981).

S-2150, a newly developed antihypertensive drug
against ischaemia, is a 1,5-benzothiazepine deriv-
ative. Previous in-vitro studies (Kawakami et al
1996; Masui et al 1996; Kimoto et al 1997) have
shown that this drug has both calcium-channel
blocking activity and a1-adrenoceptor antagonistic
activity. However, the in-vivo pharmacodynamic
pro®le of the drug has not been well examined,
and it is not clear whether such dual-blocking
mechanisms would actually be found in-vivo.

The pharmacodynamics of antihypertensive
drugs in-vivo is usually evaluated by analysing the
pharmacodynamic pro®le using an appropriate
pharmacodynamic model (Harder et al 1992;
Donnelly et al 1993). Because S-2150 has two
distinct antihypertensive mechanisms, we planned
to examine whether these two mechanisms would
actually be re¯ected in the in-vivo pharmaco-

dynamic pro®le of S-2150 and whether this pro®le
could be described by a combination of two dif-
ferent pharmacodynamic models. To obtain basic
information on the in-vivo pharmacodynamic
effects of these two mechanisms, we used diltiazem
and prazosin as reference drugs since they are
typical of drugs acting by these mechanisms. The
pharmacodynamic pro®le of S-2150 was indepen-
dently evaluated from the results of pharmaco-
dynamic analysis for diltiazem and prazosin. Pro-
blems were anticipated to arise from active meta-
bolites produced after oral administration of
S-2150 and diltiazem (Yabana et al 1985; Yeung
et al 1990), which could make pharmacodynamic
analysis dif®cult. Therefore we examined the
pharmacodynamic properties of these drugs using
intravenous infusion experiments in which only the
pharmacodynamic effect of the unchanged form of
the drug was considered.

Materials and Methods

Materials
S-2150 and deacetyl S-2150 were synthesized in
Shionogi Research Laboratories (Osaka, Japan) as
citrates. Diltiazem hydrochloride and prazosin
hydrochloride were both purchased from Sigma
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Chemical Co. (St Louis, MO). S-2150 and prazosin
were dissolved in a mixture of 1�8% dimethyl-
sulphoxide (DMSO) and 0�2% polyoxyethlene 60
hydrogenated castor oil (HCO-60) with saline.
Diltiazem was dissolved in saline. DMSO was
purchased from Wako Pure Chemical (Osaka,
Japan) and HCO-60 was obtained from Nikko
Chemicals (Tokyo, Japan). All other chemicals
were of reagent grade.

Animal experiments
Male spontaneously hypertensive rats, 280±380 g,
supplied by Shionogi Research Laboratories
(Osaka, Japan) were used. To avoid the in¯uence of
blood sampling on blood pressure, the pharmaco-
kinetic and pharmacodynamic experiments were
performed with different groups of rats. On the day
before the experiments, polyethylene cannulas
(PE50, Nihon Becton-Dickinson, Tokyo, Japan)
were placed in the left femoral vein for drug infu-
sion, and in the right jugular vein (PE50) for blood
sampling or in the left femoral artery (SP28,
Natsume Seisakusho, Tokyo, Japan) for measure-
ment of arterial blood pressure, under light ether
anaesthesia.

With the rats conscious and allowed to move
freely, S-2150 (6, 12 and 18 mg kgÿ1 hÿ1), diltia-
zem (3, 6 and 12 mg kgÿ1 hÿ1) and prazosin (0�02,
0�05 and 0�40 mg kgÿ1 hÿ1) were infused intra-
venously for 30 min (total injection volume was
2 mL). Blood samples were collected at the end of
the infusion and after another 5, 15, 30, 60 and
90 min, and were centrifuged immediately at
2000 g for 10 min. Plasma samples of 100 mL were
kept frozen until assay by high-performance liquid
chromatography (HPLC).

Only rats showing mean blood pressure (MBP)
above 140 mmHg and systolic blood pressure
above 175 mmHg were used for the pharmaco-
dynamic experiments. Here, the MBP was obtained
by calculating the mean of 500 measurements
sampled at every 5 ms for 2�5 s. After a stabilization
period of about 2 h, an infusion was started. MBP
was measured every 30 s using a pressure trans-
ducer (TP-400T, Nihon Koden, Tokyo, Japan) and
was recorded with a polygraph (RM-600, Nihon
Koden, Tokyo, Japan) connected to a personal
computer (PC-9801, NEC, Tokyo, Japan) for 2 h
(diltiazem) or 12 h (S-2150 and prazosin). The
change of MBP (E(%)) calculated by equation 1
was used as the index of the pharmacodynamic
effect:

E�%� � �MBPÿMBP0�=MBP0 � 100 �1�

where E(%) is the change of MBP which is a
measure of the antihypertensive effect and MBP0 is
the mean blood pressure for 30 min before the
intravenous infusion of drugs.

Because we thought it fruitless to use all the
measured MBP data for pharmacodynamic analy-
sis, we sampled the MBP data from the measured
data sets. The sampling intervals were 30 s for
diltiazem; 1 min during infusion and 5 min after the
infusion for prazosin; 1�5 min until 2 h after the
infusion and 3 min thereafter for S-2150. The mean
value of the change of MBP at each sampling time
at each dosage was used for pharmacodynamic
analysis. In all ®gures, to make the graphs clear, the
mean values of the change of MBP were plotted for
every three sampled points and the vertical bars for
the standard deviation were not included. Instead,
the range of C.V. (coef®cient of variation) values
are given in the results section.

MBP values in control experiments (i.e. no drug
administered) were not affected by the infusion of
the vehicle used for S-2150 and prazosin (data not
shown).

HPLC assay of plasma drug concentration
Plasma concentrations of S-2150 and deacetyl S-
2150, the main metabolite, were determined by
HPLC. To 100 mL of plasma sample, 50 mL of
methanol and 50mL of 0�4 M acetate buffer (pH 4�1)
with 10% methanol were added, followed by dilu-
tion with 300 mL of methanol. After mixing for
5 min, the mixture was centrifuged at 12 000 g for
5 min, then 50mL of supernatant was injected into
the HPLC system. The HPLC system (LC-6A,
Shimadzu, Kyoto, Japan) was equipped with an
ultraviolet detector (SPD-6A, Shimadzu, Kyoto,
Japan) and was used with a stationary phase of
J'sphere ODS-H80 (4�6 mm i.d.6 150 mm, YMC,
Kyoto, Japan). The mobile phase, consisting of a
mixture of 0�1% acetic acid with 10 mM sodium
1-octansulfonate and acetonitrile (50 : 50), was
delivered at 0�8 mL minÿ1 at room temperature.
The detector wavelength was set at 246 nm. The
correlation coef®cient of the calibration line was
more than 0�999 in the measurement concentration
range.

The plasma concentration of diltiazem was
determined with some modi®cations of the reported
HPLC method (Goebel & KoÈlle 1985; Yeung et al
1989). To 100mL of plasma sample, 50 mL of
5 mg mLÿ1 propranolol as the internal standard and
50 mL of 2% ammonium carbonate were added, and
then 2 mL of a mixture of hexane and isopropanol
(98 : 2) were added. After mixing for 5 min, the
sample was centrifuged at 12 000 g for 5 min. To
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900 mL of supernatant, 200 mL of 0�005 N hydro-
chloride was added. After mixing for 5 min, the
mixture was centrifuged at 12 000 g for 5 min, and
50 mL of the aqueous phase was injected into the
HPLC-UV system. The system was the same as that
for the assay of S-2150. The mobile phase con-
sisted of a mixture of 0�01 M ammonium acetate,
methanol and acetonitrile (40 : 35 : 25), and 0�01%
triethylamine, with the pH adjusted to 7�6 using
glacial acetic acid. The HPLC-UV system was
operated at room temperature with a ¯ow rate of
1�0 mL minÿ1. The detector wavelength was set at
237 nm. The correlation coef®cient of the calibra-
tion line was more than 0�999 in the measurement
concentration range.

The plasma concentration of prazosin was
determined by the ¯uorometric HPLC method
according to the method of Fouda et al (1988), with
some modi®cations. To 100 mL of the plasma
sample, 300 mL of methanol was added and mixed
for 5 min. Next, the mixture was centrifuged at
12 000 g for 5 min and 50 mL of the supernatant was
injected into the HPLC system. The system was the
same as that for the assay of S-2150 except for
the column, a Capcell Pack 5C18 (4�6 mm
i.d.6 150 mm, Shiseido, Tokyo, Japan), and the
mobile phase, a mixture of 0�01 M phosphate buffer
(pH 8�0), methanol and acetonitrile (65 : 15 : 20).
The ¯ow rate was 1�0 mL minÿ1. The excitation and
emission wavelengths were set at 246 and 389 nm,
respectively, using a ¯uorescence detector (RF-
535, Shimadzu, Kyoto, Japan). The correlation
coef®cient of the calibration line was more than
0�999 in the measurement concentration range.

Pharmacokinetic and pharmacodynamic analysis
The plasma concentration pro®les of the three
drugs were analysed by both one- and two-com-
partment models and the best model was selected
according to the AIC (Akaike's information cri-
terion) method (Akaike 1974; Yamaoka et al 1978).
As shown below, the AIC estimation suggested that
the two-compartment model could well describe
the pharmacokinetic pro®les of all 3 drugs, and we
present here the model equations only for the two-
compartment model.

During infusion:

Cp � Rate

Vc�aÿ b�
aÿ k21

a
�1ÿ eÿat�

�
� k21 ÿ b

b
�1ÿ eÿbt�

�
�2�

After infusion:

Cp � Rate

Vc�aÿ b�
aÿ k21

a
�eaT ÿ 1�eÿat

�
� k21 ÿ b

b
�ebT ÿ 1�eÿbT

�
�3�

a� b � k12 � k21 � k10

a � b � k21 � k10

In equations 2 and 3, Rate is the infusion rate, T is
the infusion period, Vc is the distribution volume
of the central compartment, k12 and k21 are the
transfer rate constants between the compartments,
k10 is the elimination rate constant and t is time
after the start of infusion. The mean values of the
plasma concentration data obtained from rats for
each dose were simultaneously ®tted by a two-
compartment model using a nonlinear least-squares
program NONLIN (Metzler et al 1974), and the
re®ned parameters such as the total clearance (CL)
and the half-life of the b-phase (t1

2(b)), were also
calculated. In the subsequent pharmacokinetic=
pharmacodynamic analysis, the pharmacokinetic
parameters were ®xed at the estimated values, and
the predicted drug concentration in plasma (central)
compartment or the effect compartment (Sheiner
et al 1979) at each time was used.

The pharmacodynamic model was selected from
three candidatesÐthe Emax (equation 4), the sig-
moid Emax (equation 5) and the linear (equation 6)
models:

E � E0 ÿ Emax C=�EC50� C� �4�
E � E0 ÿ Emax Cg=�EC50g � Cg� �5�

E � E0 ÿ aC �6�
where E is the change of MBP calculated by
equation 1, E0 is the base line (in this study, E0

equals 0%), Emax is the maximum effect, C is the
drug concentration, EC50 is the drug concentration
required to produce 50% effect of Emax, g is a
parameter which determines the shape of the sig-
moid curve and a is the slope of the response to
the drug concentration. These pharmacodynamic
models were linked to the pharmacokinetic models
with or without the effect compartment. The mean
value of the change of MBP at each sampling time
at each dosage was simultaneously ®tted by each
combination of the pharmacodynamic models using
NONLIN, and the best pharmacodynamic model
was statistically selected based on the minimum
AIC estimation method (Akaike 1974; Yamaoka
et al 1978). The number of animals used are shown
in each ®gure caption.
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Results

Pharmacokinetics of diltiazem, prazosin
and S-2150
Plasma concentration pro®les of diltiazem, prazo-
sin and S-2150 are shown in Figure 1 with the time-
course curves predicted by the two-compartment

model. The plasma concentration of deacetyl S-
2150, the main metabolite was below the quanti®-
cation limit in all samples. Although some peaks in
the HPLC data might have been from a metabolite
of diltiazem, they were all less than 10% of the
peak area of the parent drug in the same sample.
There were no peaks in the HPLC data which could

Figure 1. Plasma concentration pro®les in spontaneously hypertensive rats after intravenous infusion of diltiazem (A), prazosin
(B) and S-2150 (C). The curves represent the time-courses by the two-compartment model. Infusion rates of diltiazem: 3 (s), 6 (u)
and 12 (n) mg kgÿ1 hÿ1 (n� 4±6); prazosin: 0�02 (s), 0�05 (u) and 0�4 (n) mg kgÿ1 hÿ1 (n� 3±6); S-2150: 6 (s), 12 (u) and 18
(n) mg kgÿ1 hÿ1 (n� 3±8). The data are shown as means� s.d.
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have been from metabolites of prazosin. Compar-
ison of the AIC values between the pharmaco-
kinetic model candidates suggested that a two-
compartment model would better describe the
pharmacokinetic pro®les of all the drugs under
study. The pharmacokinetic parameters estimated
by the two-compartment model are shown in
Table 1.

Pharmacodynamics of diltiazem, prazosin,
and S-2150
The plot of the change of MBP vs the plasma
concentration after diltiazem infusion showed no
hysteresis loop (data not shown) and suggested no
time lag between the plasma concentration and
MBP pro®les. Therefore we linked each pharma-
codynamic model (equations 4±6) to the central
compartment and selected the best model by the
minimum AIC estimation. The sigmoid Emax model
gave the minimum AIC value and was selected to
describe the pharmacodynamic pro®le after diltia-
zem infusion. The time-course pro®les of the mean

change of MBP are shown in Figure 2 with the
curves obtained by the ®nal pharmacodynamic
model. The C.V. of MBP was in the range 0�3±
15�8%. MBP decreased during infusion and
recovered soon after the infusion terminated. MBP
recovered almost up to the initial value (control
value) within 2 h.

The relationship between the plasma concentra-
tion and the mean change of MBP with prazosin is
shown in Figure 3, which shows clear hysteresis
loops, and suggests the need to use the effect
compartment. Therefore, we linked each pharma-
codynamic model to the effect compartment. The
sigmoid Emax model linked to the effect compart-
ment gave the minimum AIC value and was
selected to describe the pharmacodynamic pro®le
after prazosin infusion. Time-course pro®les of the
mean change of MBP after prazosin infusion are
shown in Figure 4 with the curves obtained by the
®nal pharmacodynamic model. The C.V. of MBP
was in the range 0�3±16�2%. MBP decreased dur-
ing the infusion and recovered gradually after the
end of infusion until 12 h. The ®nal pharmaco-
dynamic parameters of diltiazem and prazosin are
shown in Table 2, where ke0 is the elimination rate
constant from the effect compartment.

Time-course pro®les of the mean change of MBP
after S-2150 infusion are shown in Figure 5 with
the curves obtained by the ®nal pharmacodynamic
model. The C.V. of MBP was in the range 0�4±
8�5%. The change of MBP showed complicated
pro®les (i.e. MBP decreased rapidly during infu-
sion, increased rapidly soon after the end of infu-
sion and recovered slowly until 12 h). The plot of

Figure 3. Relationship between calculated plasma concentra-
tion and the mean change of MBP after intravenous infusion of
prazosin to spontaneously hypertensive rats at a rate of 0�02
(s), 0�05 (u) or 0�4 (n) mg kgÿ1 hÿ1. Each point represents
the mean value (n� 5±8). Plasma concentrations at the time of
blood pressure measurements were calculated according to the
two-compartment model parameters.

Figure 2. Time-course pro®le of the mean change of MBP
after intravenous infusion of diltiazem to spontaneously
hypertensive rats at a rate of 3 (s), 6 (u) or 12
(n) mg kgÿ1 hÿ1. Each point represents the mean (n� 3±8).
The curves represent the MBP pro®les by the sigmoid Emax

model connected with the central compartment.

Table 1. Estimated pharmacokinetic parameters of diltiazem,
prazosin and S-2150.

Diltiazem Prazosin S-2150

k12 (hÿ1) 5�74� 0�56 11�4� 0�79 5�45� 1�00
k21 (hÿ1) 5�08� 0�38 3�94� 0�18 2�11� 0�20
k10 (hÿ1) 4�64� 0�32 4�54� 0�23 2�01� 0�20
Vc (L kgÿ1) 0�45� 0�04 0�86� 0�05 1�90� 0�03
CL (L hÿ1) 2�10 3�91 3�81
t1

2 (b) (h) 0�40 0�73 1�49
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change of MBP versus the plasma concentration
also showed a hysteresis loops. The relationship
between the plasma concentration and the mean
change of MBP with S-2150 is shown in Figure 6,
which shows hysteresis loops.

It may be dif®cult to compare the pharmaco-
logical effects of these three compounds because
of the differences in their tissue distribution and
pharmacological intensity. However, by comparing
these results with those of the pharmacodynamic
analysis of diltiazem and prazosin shown in Figures
2 and 4, and by considering the dual-type anti-
hypertensive mechanism of S-2150, it seems poss-
ible to assume that the rapid recovery of MBP can
be described by the pharmacodynamic model con-
nected with the central compartment, and the slow
recovery of MBP by the pharmacodynamic model
connected with the effect compartment. Based on
these assumptions, a plausible pharmacodynamic
model for S-2150 was constructed by combining
each pharmacodynamic model for diltiazem and
prazosin, as given by equation 7:

E � E0 ÿ
Emax�Cp� � Cpg�Cp�

EC
g�Cp�
50�Cp�
� Cpg�Cp�

�
Emax�Ce� � Ceg�Ce�

EC
g�Ce�
50�Ce�
� Ceg�Ce�

 !
�7�

where Cp is plasma (central compartment) drug
concentration and Ce is the hypothetical drug
concentration in the effect compartment. Cp and Ce
indicate that the pharmacodynamic model is con-
nected with the central compartment or the effect
compartment, respectively. The MBP data after S-

Figure 6. Relationship between calculated plasma concen-
tration and the mean change of MBP after intravenous
infusion of S-2150 to spontaneously hypertensive rats at a
rate of 6 (s), 12 (u) or 18 (n) mg kgÿ1 hÿ1. Each point
represents the mean value (n� 8±12). Plasma concentrations
at the time of blood pressure measurements were calculated
according to the two-compartment model parameters.

Figure 5. Time-course pro®le of the mean change of MBP
after intravenous infusion of S-2150 to spontaneously
hypertensive rats at a rate of 6 (s), 12 (u) or 18
(n) mg kgÿ1 hÿ1. Each point represents the mean value
(n� 8±12). The curves represent the MBP pro®les by the
combination of the sigmoid Emax models with the central
compartment and the effect compartment (equation 6).

Figure 4. Time-course pro®le of the mean change of MBP
after intravenous infusion of prazosin to spontaneously hyper-
tensive rats at a rate of 0�02 (s), 0�05 (u) or 0�4
(n) mg kgÿ1 hÿ1. Each point represents the mean (n� 5±8).
The curves represent the MBP pro®les by the sigmoid Emax

model connected with the effect compartment.

Table 2. Estimated ®nal pharmacokinetic parameters of dil-
tiazem and prazosin.

Diltiazema Prazosinb

ke0 (hÿ1) Ð 0�83� 0�05
Emax (%) 28�10� 0�05 23�00� 0�37
EC50 (mg mLÿ1) 1�78� 0�08 3�176 10ÿ3� 0�206 10ÿ3

g 0�89� 0�03 0�39� 0�02

aLinked to the central compartment. bLinked to the effect
compartment.
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2150 infusion were simultaneously ®tted by the
combined model (equation 7) To ®nd the best
pharmacodynamic model for S-2150 independently
of the pharmacodynamic analysis of the other two
drugs, other possible model candidates with various
combinations of Emax, sigmoid Emax, and linear
models and with or without the effect compartment
were ®tted to the same data set. According to the
minimum AIC estimation, the results suggested
that the pharmacodynamic model including both
the sigmoid Emax model connected with the central
compartment and the sigmoid Emax model con-
nected with the effect compartment (i.e. the model
given by equation 7) was the best for describing
the complicated pharmacodynamic pro®les after
S-2150 infusion. This ®nding indicates that the
pharmacodynamic pro®le of S-2150 can not be
explained by a single pharmacodynamic model
because of its complex antihypertensive mechan-
ism, probably due to dual-blocking type activity.
The pharmacodynamic parameters of S-2150 esti-
mated by the ®nal model are shown in Table 3.

Discussion

S-2150 is a newly developed antihypertensive drug
with calcium-channel blocking activity but with
less cardiodepressive activity (Masui et al 1996),
and also has a1-adrenoceptor antagonistic activity.
In the present study, we performed a pharmaco-
kinetic=pharmacodynamic analysis to examine the
antihypertensive effects of S-2150 after intravenous
infusion to spontaneously hypertensive rats to ®nd
whether such unique mechanisms also affect the in
vivo pharmacodynamic pro®le. The results sug-
gested that the pharmacodynamic effect of S-2150
could be well explained by the combination of two
separate pharmacodynamic models (i.e. the sig-
moid Emax models connected with the central
compartment and with the effect compartment).

We measured the plasma concentration of S-2150
until 2 h after the infusion because of the detection
limit. Therefore the above results are based on the
assumption that the plasma±concentration pro®les
after the termination of concentration measure-

ments can be extrapolated by the two-compartment
model and the terminal half-life would not change.
If the slower elimination phase (g-phase) exists
after 2 h, the pharmacodynamic parameter esti-
mates may be different from those we showed.
However, our conclusion that the pharmaco-
dynamic pro®le of S-2150 can be explained by
combination of the two pharmacodynamic models
will not change because of the existence of the
hysteresis loop at the concentration range above the
detection limit (Figure 6).

As shown in Figure 2, the antihypertensive effect
of diltiazem showed quick response to the change
of plasma diltiazem concentration. Although the
sigmoid Emax model was statistically selected for
the pharmacodynamic model of diltiazem accord-
ing to the AIC, the parameter g was close to 1
which corresponds to the Emax model, and there
were little differences in other parameters between
these two pharmacodynamic models. Considering
the variability of the MBP data, it does not seem
very important to strictly distinguish between these
two models.

The antihypertensive effect of prazosin in man
showed a slow recovery compared with the plasma
concentration pro®le, and the antihypertensive
effect of prazosin has been explained by the phar-
macodynamic model connected with the effect
compartment (Elliott et al 1989). Pharmaco-
dymamics of similar a1-adrenoceptor antagonists,
doxazosin and trimazosin, have also been analysed
by the effect compartment model (Meredith et al
1983; Vincent et al 1983). Also, a1-adrenoceptors
have been reported to respond not to circulating
noradrenaline but directly to neuronal control
(Medgett & Langer 1984; van Zwieten et al 1988).
This might be one of the reasons for the assumption
of a time lag between the effect and the plasma
concentration pro®les, and the antihypertensive
effect of the a1-adrenoceptor antagonist being well
described by using the effect compartment.

The antihypertensive effect of S-2150 was reported
to be attenuated by prazosin pre-treatment under
experimental conditions wherein the prazosin-
induced decrease in blood pressure was compensated
for by continuous intravenous infusion of angiotensin
II in-vivo (Kawakami et al 1996). This suggests that
the antihypertensive effect of S-2150 is caused partly
by a1-adrenoceptor antagonism in-vivo.

From the results of pharmacodynamic analyses of
these three drugs, it seems reasonable to suppose
that different mechanisms cause the rapid recovery
of MBP explained by the pharmacodynamic model
conected with the central compartment and the
slow recovery of MBP explained by the pharmaco-
dynamic model with the effect compartment.

Table 3. Estimated ®nal pharmacodynamic parameters of S-
2150.

Emax(Cp) (5) 23�0� 2�23
EC50(Cp) (mg mLÿ1) 0�46� 0�06
g(Cp) 1�45� 0�14
ke0 (hÿ1) 0�22� 0�02
Emax(Ce) (%) 5�60� 0�31
EC50(Ce) (mg mLÿ1) 0�030� 0�002
g(Ce) 2�82� 0�50
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In summary, after the infusion of S-2150 there
was a rapid decrease in MBP followed by a rapid
then slow recovery phase of MBP. By considering
the pharmacodynamic pro®les of the two reference
drugs and the ®ndings of the in-vitro studies, we
explained that such a complex pro®le was caused
by the dual-block type mechanisms of S-2150. We
showed that the ®nal pharmacodynamic model,
consisting of two pharmacodynamic models, well
described the antihypertensive pro®le of S-2150. A
combination of two pharmacodynamic models has
also been used by Paalzow & Edlund (1979) to
describe the actions of clonidine. Our present study
shows that in some cases, the pharmacodynamic
effect of a drug may not be explainable by a simple
pharmacodynamic model, and a more complex
model may be required according to the pharmaco-
logical mechanisms of the drug.
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