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SYNOPSIS

The pharmacokinetics of nifedipine after intravenous injec-
tion and rectal administration of conventional suppositories and
of sustained-release suppositories in rabbits were evaluated,
based on the compartment model and statistical moment method. The
plasma concentration-time curves following intravenous admin-
istration were described by a two-compartment model. The
half-life of elimination phase was relatively short (t1/28 = 0.682
hr). Rectal absorption from the conventional suppository dosage
form was rapid and the elimination from body was more rapid. The
extent of bioavailability of three dose levels was about 62 - 80%
on the average. After administration of sustained-release
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suppositories, the pharmacokinetic parameters were calculated
using an equation which included three or four exponential
function consistent with a two-compartment model. The apparent
absorption rate (ka) of this dosage form was smaller than that of
the conventional ' suppository, and the sustained effect was
apparently attributed to the slow absorption process.

From the results of the statistical moment analysis, it was
found that the mean absorption time of the sustained-release
suppository was about 6 times greater than that of the conven-
tional suppository. That is, the dissolution process with this

suppository was the rate-determining step.

INTRODUCTION

Nifedipine (4-(2'-nitrophenyl)-2,6-dimethyl-3,5-dicarbometh-
oxy-1,4-dihydropyridine) is a calcium ion influx inhibitor and
inhibits the membrane influx of calcium ions into cardiac muscle
and smooth muscle. Nifedipine (NF) has been useful in treating
conditions associated with vascular spasm, including variant
angina,l) Raynaud's phenomenon4) and hypertension.S) The plasma
concentration of NF after oral administration shows considerable
individual variation because of the complexity of intestinal

2, 3) and the biological half-life of this drug is

9)

absorption,
relatively short. Therefore, it is desired to obtain an expect-—
ant plasma concentration and to maintain it for a long time in
therapeutic arena. In a previous paper,lo) we developed a double
layer suppository which included NF in the outside layer using
- cellulose acetate phthalate (CAP) - polyethylene glycol (PEG)
matrix as a base, and found that this dosage form had sufficient
sustained-release effect without producing an excessively high
peak level in the plasma.

A few papers about pharmacokinetics after oral administration

of NF have appeared.z’ ?)

Otherwise no pharmacokinetic analysis
after rectal administration of NF has been reported.

In this paper, we carried out pharmacokinetic analysis of NF
after intravenous injection and rectal administration of con-
ventional suppositories and of sustained-release suppositories in
rabbits by wusing a compartment model and statistical moment
method, and investigated the utility of suppository dosage forms

of NF.
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MATERIALS AND METHODS

Methods of pharmacokinetic analysis
1. Compartment model method

Kinetic analysis of NF based on the compartment model was
carried out a two-compartment open model, as shown in Chart 1.
The time course of drug concentration in plasma after intra-
venous administration is given as equation (1).
€42t (a>8) (1)
(see Appendix I)

c, = P(1)e™®

The equation for the time course of plasma concentration after
administering a conventional suppository is as follows:

- p(D)e (&%) 4 p(2)e B (tt0) 4 p(3)e*a(tt0)
(a>8) (2)
(see Appendix II)

¢y

On the other hand, equation (3) was applied for the kinetics
after administration of a sustained-release suppository.

c, = p(1)e®{t-ty) , p(2)eBlt-ty) |

L -
P(3)e Kalt-to) , pa)ek1(t-ty) (a>8) (3)

(see Appendix III)

2. Moment analysis method

The statistical moment analysis is a model independent
method.lz)

regarded as a statistical distribution curve. The mean residence

The time course of plasma concentration can usually be

time (MRT) and the mean absorption time (MAT) are defined as
follows:

“tc_ dt AUMC
_Jt%

MRT =12 - (4)
[ C_dt  AUC
- p

MAT = MRT . - MRT; (5)
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Model A bolus intravenous administration

D X k12 X5
1 C1 Vi Cz2 V2

k21

k10

Model B two-compartment model with
first-order absorption

k12

D ka X1 X7
Xa C1 Vy Ca V2

f k21

k10

Model C two-compartment model with two
consecutive first-order input steps

k k k12
D 1 a X1 X2
— XL Xa C1 Vi Ca2 V2
f k21
k10
Chart 1 Pharmacokinetic compartment models used for nifedi-

pine. D, dose administered; XL, amount of drug in
dissolution site; Xa, amount of drug in absorption
site; Xl, Xz, amounts of drug in central and peri-
pheral compartments; kl’ dissolution rate constant;
ka’ absorption rate constant; k12’ k21, distribution
rate constants; k10, elimination rate constant; Cl,
c2, concentrations of drug in central and peripheral
compartments; Vl, Vz, apparent volumes of distribution
in central and peripheral compartments; f, fraction
of dose absorbed.
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The mean dissolution time (MDT) is given as follows:

MDT = MATsust:.supp - MATconv.supp (6)

Chart 2 shows the meaning of MRT, MAT and MDT.

dissolution absorption disposition
| 1 | '
: 1 ' '
intravenous 1 f !
injection : : :< >:
l | i MRT v 1
] I ! !
- < >
conventional ' ] MR Teony '
suppositoties : :1 t : |
L )
! = >! )
! : MAT conv. o !
| T [}
o= | : >
| it MR Tgyst. '
sustained-release 1 ! - :
suppositories F “1 ;
. M A uTSUSt ! :
'
L < =) : |
t ! 1
: MD Tgyst, ' : '
' ! [ 1
Chart 2 Illustration of the meaning of MRT, MAT and MDT.

Preparation of suppositories

The conventional suppositories were prepared by the fusion
method using NF and PEG 4000 as a base. The NF content per sup-
pository was 0.625, 1.25 and 2.5mg, respectively. The double
layer suppositories were prepared by using two molds as reported

10)

previously. The NF content per suppository was 2.5mg.

Animal experiments

For intravenous administration, white male rabbits weighing
from 3.0 to 3.5kg were used. NF (0.625mg/ml) dissolved in 30% PEG
400 solution was intravenously injected and blood samples were
taken at the appropriate times. For rectal administration, white
male rabbits weighing from 3.0 to 3.5kg were fasted for 36 hr
prior to the experiments but allowed free access to water. After
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rectal administration, blood samples were drawn through an ear
vein at regular intervals. All plasma samples obtained by
centrifuging the blood were stored at -5C until assay.

Assay of nifedipine

NF concentration in plasma was assayed by using a gas chro-
matographic technique with electron-capture detector.

Data analysis

The computer simulations of plasma concentration by compart-—
ment model method were carried out using the SALS program7) on an
NEAC system 1000 computer in Kobe University Data Processing

13)

Center through a TSS terminal and the MULTI program on an NEC

MS-140 at Kobe University School of Medicine.

RESULTS AND DISCUSSION

Plasma concentration after intravenous administration

Fig. 1 shows the semilogarithmic plots of the time course of
plasma concentration of NF after intravenous administration. These
plots showed a sharp drop, then an abrupt change in slope followed
by a very distinct terminal phase: accordingly, the kinetic
parameters were calculated using a two compartment model.

The solid line in Fig. 1 shows a nonlinear least-squares
regression curve and the estimated parameters are given in Table
1. The values of B were very large, that is, the half-life of NF
was relatively short (tll28 = 0.682 hr), as can be seen in Table
1.

Plasma concentration after rectal administration of conventional supposi-

tories

Plasma concentrations after rectal administration of conven-
tional suppositories at three dose levels, 0.625, 1.25 and 2.5mg
are shown in Fig. 2. The peak plasma level of NF was reached at
0.5 - 0.75 hr after administration with every dose. The area
under the plasma concentration-time curve (AUC) was calculated
according to the equation described in the Appendix. As shown in
Fig. 3, an increased NF dose resulted in a linear increase in the
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Table 1 The results of simultaneous fitting of NF plasma concentration by compartment model method.u)

sustained-release suppositories

Parameter f.v. conventional suppositories

4-exp 3-exp
Dose (mg) 0.625 0.625 1.25 2.5 2.5
No. of animals 5 5 5 6 7
B.W, (kg) 3.44£0.10 3.55¢0,22 3,82¢0,13 3.68+0.,29 3.20£0.16
AUC (ng-h/m1)D) 474,44+30.0 288,1£36.2 661.7443.8 1417.3£167.9  1825.9£201.9  1144,8+185.6
P(1) (ng/ml) 1796.7471.9 -198,1#35,6  -531.1#34,7  -624,3+34.8 0,02041.467 -181,8+80.65
P(2) (ng/ml) 364,8+44,20  -465,7£10,20 -1067.1250.5 -1258.4%113.4  241,8:148.9  -93.33153.78
P(3) (ng/ml) - 663.8£10.70 1598.2+49.40 1882.7+102.7 244,3£114.0 275.1+28.60
P(4) (ng/ml) - - - - -486,24395.1 -
a b 16.13£1.722 15,8042,260 11.41+2,570 10.59£2,847 13.5442.,501 13.42¢1.755
) (™1 1,016£0.088  1.26640,234 1,138:0,131 1.24920.162 1.28140.094 1,155£0.067
kq () - 0,993£0.070 0.97140,318 0,75810,112 0.78440.261 0.22240,021
Ky (™1 - - - - 0,200,433 -
Lag time (h) - 0.215£0.025 0.20540.041 0.201%0.035 0,198+0,088 0,142£0.098
Kop 1 3.56740. 544 1,870£0.227 1,714%0,300 2,57440,301 1.985+0,384 1.58540,353
kig () 4,595¢0,199 10.6742,550 7,574¢5,100 5,139+1,454 8.,73743,250 9.779%0.206
kiz b 8.,98440,107 4,52640.019 3,258+1.408  4,12641.250 4,099+1,311 3.20741.268
f e 100 62,67+3,91 77 .44%3,940  79,9043.690 89.,5147.200 56,12+3,620
) ) 0.289+0,015 0,11320.018 0,157#0.023 0.18740,019 0.154#0,033 0.146£0,021
t e 0.682+0.065  0,69840,210 0.71440,347 0.91440.117 3.316£1.290 3,12240.,270

a) Each value is a mean + S.D.
b) Calculated by the equation shown in appendix.

AUC D / B.W.
¢ f=|— _
[n / B.N.] supp. [ AUC ]l.v. X 100

d) The half-life of elimination phase.
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Fig. 1

Plasma concentrations of nifedi-
pine following intravenous admin-
istration (0.625mg dose). Each
point represents the mean t S.D.
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Plasma concentrations after rec-
tal administration of convention-
al suppositories. —0—, 0.625
mg; —0—, 1.25mg; —O—, 2.5mg.
Each point represents the mean ¢t
S.b.

Fig. 3

Relationship between AUC and the
dose of nifedipine conventional
suppositories.
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value of AUC over the dose range from 0.625 to 2.5mg, suggesting
the passive absorption of NF in the rectum. The extent of
bioavailability (EBA) after rectal administration of each supposi-
tory is shown in Table 1. EBA of three dose levels (0.625, 1.25
and 2.5mg) was about 62 - 807 on the average.

The pharmacokinetic analysis of plasma concentration-time
course was carried out according to a two-compartment model with
first-order absorption. The computer analysis was done by simul-
taneous fitting of the equation for both the intravenous and
suppository dosage forms. 1In this case, the estimation of pharma-
cokinetic parameters was achieved by combining the Simplex method
(MULTI program) and Marquardt method (SALS program) .6) The calcu-
lated concentration curve fitted well with the observed plasma
data, as shown in Fig. 2. This suggests that the plasma concen-
tration-time course of NF after rectal administration followed the
two-compartment model with first-order absorption. The parameters
converged were given in Table 1. Each absorption rate (k,) was
0.758 - 0.993 h™l. From these results, it appeared that the
absorption of NF from the rectum was very rapid.

Plasma concentration after rectal administration of sustained-release sup-

positories

Fig. 4 shows the time course of plasma concentration after
administration of sustained-release suppositories. The maximum
concentration was only about 200ng/ml and the plateau plasma level
was observed until 10 hr after administration. The pharma-
cokinetic analysis was tried by using a 4-exponential equation to
clarify the release rate from a suppository (see equation (3)).
As shown in Table 1, the value of P(1) was neary equal to zero.
It may therefore be difficult to analyze by using a 4-exponential
equation. Consequently, the pharmacokinetic analysis was carried
out with a 3-exponential equation in a way similar to that for
conventional suppositories. In the latter analysis, the rate
constant ka represents both the dissolution process in sustained-
release suppositories and the absorption process of NF by a
crossing of the rectal mucous membrane. The ka value obtained was
much smaller than that of conventional suppositories. From these
results, the sustained effect achieved by this suppository was
apparently attributed to the slow absorption process of NF.
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However, we were unable to clarify sufficiently the dissolution
rate of NF in the sustained-release suppository by means of the
compartment model method. To elucidate this process, statistical
moment analysis was employed.

100 -f%H\%\i\é\f
T
\

10}

Plasma concentration (ng/ml)

1.0 'l 1 1 A 1 1 i A

Time (h)
Fig. 4 Plasma concentrations after rectal administration
of sustained-release suppositories (2.5mg dose).

Each point represents the mean * S.D.

Pharmacokinetic analysis by moment method

Table 2 shows the results of pharmacokinetic analysis by
means of the moment method. The mean absorption time (MAT) after
administration of conventional suppositories was 0.6 - 1.0 hr;
i.e. absorption of NF was rapid after rectal administration. On
the other hand, the mean dissolution time (MDT) in sustained-
release suppository was about 5.0 hr. Therefore, it was found
that the dissolution process in sustained-release suppositories
was the rate-determining step.

In general, low bioavailability is observed because of exces-
sive restrictions on drug dissolution in sustained-release dosage

form. But the EBA value of this sustained-release suppository was
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similar to the values of conventional suppositories, as shown in
Table 2 (not significantly different at p value of 0.05). From
these results, it was found that this dosage form gave a
sufficient sustained-release effect without producing an exces-
sively high peak level in the plasma, by controlling the dissolu-
tion rate from the suppository.

Table 2 The results of NF pharmacokinetic analysis by moment method,®’

i.v. conventional sustained-release
suppositories suppositories

Dose (mg) 0.625 0.625 1,25 2.5 2.5

AUC (ng-h/m})D) 472.6+130.5 268.5+103.7 642,2+184.3  1359.1237.7 1419.8+296.4

MRT (h) 0.768+0.073  1.398+0,215 1.421+0,203 1.772+0.212 6.852+4,567

HAT h - 0.630 0.653 1.004 6,084

HDT (h) - - - - 5.080

£8AC) (%) 100 58.63 75.45 76.91 69.87

a) Each value is a mean + S.D.
b) Calculated by the trapezoidal rule with extrapolation to infinity,

AuC D/ BN,
C) EBA =|———— X —l X 100
D / B.W. | supp. AuC f.v.

APPENDIX 1

The time function of plasma concentration in model A shown
in Chart 1 is as follows:

C, = P(1)e™™F 4 p(2)e8"

where
D(k.,-a) D(K,,-8)
P(1) = — 2L~ P(2) = 21
Vl(B—u) Vl(a—B)
AvC - P P(2)
a B

a + B = k12 + k10 + K21

asp = k21 k10
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_P(1)8 + P(2)a
k21 = —_——
P(1) + P(2)
a+B
M0
21
k12 = a + B8 - k21 - k10
and
v, - b
P(1) + P(2)

APPENDIX 11

The time function of plasma concentration in model B is
as follows:

c, = P(eF%) 4 p(2)e7(EF0) 4 p(3)e7ka (-t

where to indicates the lag time,

K+ £D Ko, - a
P(1) = —2 ( 2 )
V1 (ka - a)(B - a)
K+ £.D Koy - B
P(2) = 2 ( 21 )
v, (k, - 8)(a - 8)
K - £:D Ko, - k
P(3) = —2 ( 21 a
v, (a - k)8 - k)
P(1) + P(2) + P(3) = 0
. £ PO(K, - o) + P(2)(K, - 8)
0~ -
v1 ka
ac - B, R(2) . B(3)
a 8 ka
P(1)8k_ + P(2)ak. + P(3)ap
k21 a a
P(1)(k, - a) + P(2)(k, - 8)
a-B
kig = .
21
k12 =a + B - k21 - klo
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and

ka. feD

P(1)(k, - a) + P(2)(K, - 8)

APPENDIX 111

The time function of plasma concentration in model C 1is

as follows: 11)

= p(1)e ) | p(2)eBt-ty) | p(3)eKalt-ty)

+ P(4)e Ky (t-ty)

Cy

where
k - a
P(1) = kyk Cq ( 21 )
(B - u)(k1 - u)(ka - a)
Ko, — 8
P(2) = k;k,Cq ( 21
(a - a)(k1 - a)(ka - B)
k,, - k
P(3) = k,k Cp 21 a )
(a - k) (8 - k) (ky - k)
k,, - k
P(4) = Kk Cq ( 211 )
(o - ky)(8 - ky)(k, - k)
P(1) + P(2) + P(3) + P(4) = 0
(k1 + ka - a - B)[klka(BP(l) + aP(2)) +
08 (k,P(3) + k P(4))] - (P(3) + P(4))
(k1 - m)(ka - a)(K1 - s)(ka - B)
€0 = K2 k2 - k,k
1 X ~ KqK,oP
avc - B(1)_ . P(2) _ P(3) _ _P(4)
a B ka k1
o - @:8:AUC  kik,(P(1)8 + P(2)a) + a8(P(3)ky + P(4)k,)
Co kik,Co
c
kip = 0
AUC
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k12 = (a + B) - (k10 + k21)

£f-.D
V1 =
Co
EBA = (__lﬁﬂi_____) X (_2_1_2;3;_) X 100 = £
D / B.W. [ supp. AUC i.v.
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