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ABSTRACT:

Phree formulae of nifedipine sustpined reloape pranulon ware tricd, coch
I'he former one wits compoted ol nifedipine, lnclare andd 1PV

g moint pranaliation fechnigue, I the pecond formnla, the
drup, PG G000 and JIMPC were eoprecipitated into microcrynialling eellulone. While
the latter one wae composed of nifedipine, and three components which nre; [IMP; ethyl

an binders; and corn wtareh e o filler, There pronules and Lhe plain
nifedipine powder were investigated in vitro an well ap in henlthy ubjects, The third

formula showed pronounced dissolution rate compared Lo he other Lested ones The
granules of the pecond and the third formulae were administered orally Lo Jresthry

gubjects and the plasgma levely of nifedipine weare compnred with thone ufter
administration of nifedipine powder. Plagma levels following the ndminigtration of the

grranules were prolonged but a reduced level vis obuerved, This indicates Lhe tustained
release of the drug from the granules in vivo, The planmn profiles of nifedipine

indicated that the Jatter formula prrannlen were guperior Lo that with the necond formuli
pranules with respect to prolonging the effective planma Jevely ond Lo mindmizing the

auhject varintion.
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V1 experiments were carried out in a dark room because of the light
st €

- (12
sativaty of the drug' "%

Nife .‘.:;:::v Nobel Chemicals, Sweden), anhvdrous lactose (Scheffield
weal - USAL ethyl cellulese and polyethlene glycol 6000 PEG

d., Poole, England), polyvinylpyrrolidone 40000 PVP
Sigma Chemical Co., USA), hydroxypropyl methyl cellulose HPMC,
cellulose acetate phthalate CAP and ethanol (Prolabo, France), and Avicel
pH 105, N.F,

microcrystalline cellulose, average particle size 20 u (FMC,
USAL All other chemicals were of reagent grade.

Methods ;
Three brands of nifedipine granules were prepared using the
following formulae:

Formula A : Nifedipine: 10 parts, lactose; 85 parts and PVP 40000;

5 parts13)

The microcrystalline particles of nifedipine were incorporated with

—v1'-
-~

rworoughly for 15 min in g drum mixer, then lactose w as
added as finelv-divided particles of water-zoluble diluent. The mixture is
Eneaded with e ethanol.

Formula B : Nifed edipine; 10 parts, PEG 6000; 10

parts, HPMC; 10
paris, and Avicel: 70 parts{14)
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PEG and HPMC were dissolved in hot ethanol-

Nifedipine,
solution was then poured directly onto the

dichloromethane (1:1). The
avicel with thorough mixing.

HPMC; 30 parts, ethyl cellulose; 10

pine; 10 parts,
©),

Formula C : Nifedi
d corn starch; 50 parts

parts, an

Nifedipine, HPMC and ethyl cellulose were dissolved in ethanol-
dichloromethane (1:1, v/v), then corn starch was added with agitation. A

slurry was obtained by evaporating the solvent on a water-bath.
mula was forced through sieve No. 8 (B.P.)

drying oven at 40°C. The dried granules
d then dried again for 2 h at

The wet mass in each for

and dried for 12 hours in a hot

were forced through sieve No. 10 (B.P.) an

40°C.

Determination of Nifedipine in the Prepared Granules:

amount of the powdered granules was accurately
L of ethanol-dichloromethane (1:1, v/v) by
5 min. The supernant
solvent and

An appropriate
weighed and dissolved in 20 m
chaking for 30 min, then centrifuged at 1500 rpm for

was appropriately diluted with the mixed
spectrophotometrically analyzed against a blank at 340 nm.

Dissolution Studies :

The dissolution characteristics of nifedipine plain crystalline powder and
nifedipine prepared granules were determined adopting the USP XXI
padle method. The paddle was immersed such that a distance of 2.5 % 0.2
em was allowed between the blade and the inside bottom of the vessel and
"’té'-ed at 100 rpm. The dissolution medium was 900 ml deaerated distilled
::if:gr:li:l;brated. at 37 + 0.5°C. At suitable intervals, an aliquot was
y a pipet through a 0.45 pm millipore filter and analyzed
Zi::i;:g:o?nztﬁca“y against a blank at 340 nm. Equal amount of
immediate];sa]fltzd water was .added back to the dissolution vessel
r cach sampling to maintain the orginal volume.

a ]
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Bioavailability Studies :
Drug Administration :

Six healthy male volunteers weighing 60-80 kg (age range 30-40
years), were selected to participate in the present study. The study was
designed in a randomized crossover fashion with at least 14 days interval
between doses. All volunteers were fasting with the exception of water, 12
h prior to dosing. Informed consent was obtained. The subjects remained
supine for the first 2 h. They were only allowed to take food at 4 and 10 h
post-dosing. Each subject received orally 10 mg of the nifedipine crystalline
powder as reference or 20 mg of nifedipine in sustained-release granules
of brand B or of brand C in a soft gelatin capsule, followed by 200 ml of
water. Blood samples were collected from a forearm vein at the following
times relative to drug administration; 0.5, 1,2,3,4,6,9 and 12 h post-dosing.
Blood specimens were centrifuged and the separated plasma samples
were stored at 20°C with protection from light until assayed.

Estimation of Nifedipine in Plasma :

The method adopted was that described by Miyazaki, et al. (15), 1t is a
specific and sensitive method utilizing HPLC. A one ml of plasma was put
in a brown test tube 100 HL methanol and 3 ml acetonitrile were added.
The tube wa vortexed for 60 seconds and centrifuged for 5 min. at 1500 rpm
3 ml of the supernant were transferred into a brown test tube containing 1
ml of distilled water, then 4.5 mL of acetone-chloroform (1:1) were added.
The mixture was shaken for 10 min. and then centrifuged at 1500 rpm for
5 min. The aqueous phase was aspirated and discarded, 5 ml of the
organic phase was transfered into a brown test tube then evaporated in a
water bath at 60°C. The residue was reconstituted with 100 pl of the mobile

phase containing butamfen as an internal standard (2 ng/mL), and 20 ul)
of the solution was injected onto the column.

Statistical Analysis:

Equality of variances and sj

‘ gnificant differences in the peak plasma
levels {C,,.). The times to the p

eak plasma levels (t,,ax) @and areas under
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+he concentration-time curves (AUC 0-12 h) between powder and granules

were tested by means of F test.
RESULTS AND DISCUSSION

The transit time of single-unit formulations is highl;
allo

o aor

However, as the subunits of multiple-unit formulations are al

ossibility ©
k
-

freely through the gas tro-mte~t1nal tract, they offer 2 po

achieving a longer-lasting and more relizble source of druv(ls) Th
osage form In

ereiore,

a granular formulation was chosen as a sustained-release d

this work.
Dissolution Studies:

The rate limiting step in the absorption process, for orally administered
water-insoluble drugs, is usually the dissolution rate of the drug in GIT
fluids(17). The significance of this on the transport and absorption
processes is well recognized and has been the subject of several detailed
discussions(18). Table 1, shows great difference in the rate and extent of
nifedipine release. The plain powder of the drug exhibited the slowest
dissolution rate and extent of nifedipine released in comparison to the
prepared granules. This may be ascribed to the following (a) nifedipine
was more eagily wetted in the medium due to the addition of binders of
fillers in the granules; (b) nifedipine was dispersed as fine particles in the
granules, since nifedipine powder was dissolved in the mixed solvent in
the preparation of the granules of brands B and C, (¢) crystalline
nifedipine was transformed to an amorphous form in the granules by

using HPMC in the second and third formulae(19),

TABLE1: DISSOLUTION RATE OF NIFEDIPINE IN DISTILLED WATER AT 37°C.

[ Percent Released (Min.)

[ TEST 5 10 15 30 45 60 75 S0 105 120
Plain

Powder 49 85 110 183 242 288 341 376 401 120
Formula A 78 120 159 244 335 391 &40 77 54 361
FormulaB | 95 140 183 280 359 413 465 511 349 588
FormulaC | 115 171 23] 362 444 515 564 612 654 630
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Fig.1. Disolution Profile of Nifedipine in
Distilled Water at 37"c.

As seen in [ig. 1, the prepared granules of brand C gave significantly
higher release rate of nifedipine. The granules of brand A and that of
brand B are nearly similar in the dissolution rate of nifedipine.

The granules of brand A comprises particles of finely-divided water-
soluble diluent as lactose coated with microcrystalline particles of
nifedipine in the presence of PVP. The incorporation of PVP in an amount,

less than that of the drug slows the dissolution of nifedipine from the
finished solid dosage form.

The increase in the dissolution rate of the granules of brand B may be
ained, on one hand, by the increase in the surface area of nifedipine as
a result of its depostion on microerystalline cellulose by the coprecipitation
technique. On the other hand, by the fact that PEG being a water-soluble

polymer, will dissolve readily in the dissolution medium, hence, encircles
the crystallites of medicament causing its wett

ability, thus, enhances its
dissolution2%21) The addition of HPMC, as a swellable polymer, to the
solid dispersion of the drug in PEG, a water-soluble system, might also
enahnce its dissolution.

expl
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The mechanism of drug release from the granules of brand C
presumably involves the formation of a hydrated zone of IIPM(IZan t1 l
surface of the granular matrix(22-23) This would be the first ste 1?1[1l t]le
formulation of a transport channel. Part of the drug would l;e (}i)iﬁ'usc:;
through the hydrated zone and be released into the medium while the
remainder would be liberated when the hydrated zone dissolved. |

It is clear that, the release rate decreased with the increment of ethyl
cellulose and increased with the increment of HPMC. Therefore, if the
polymer variation in the formulations, as well as their ratio per .unit of
mass of granules are chosen carefully, it should be possible to obtain drug
deli‘:f;')y systems which exhibit constant release of the drug at a desired
rate'<?,

Bioavailability Studies :

dipine levels following single administration

The mean plasma nife
ated granules of brands

of the crystalline powder as reference and formul
B and C are shown in Table 2 and depicted in Figure 2. The concentrations
exhibit in all cases a substantial intersubject variation. These differences
attributed to the variability in the rate of drug absorpt:ion(25’ and/or

may be
atic extraction and metabolism(%'sm. The

the extent of first-pass hep
pharmacokinetic parameters for the two formulations and the reference

powder are not directly comparable since the dose of nifedipine
administered as granules was double the dose in the powder. However,
dose proportionality studies of nifedipine established linear kinetiesD.
Thus, after correcting the dese by multiplying C,,, and AUC,.1o h by to
r, these parameters were analyzed statistically (Table 2). The
and tyax describe the rate of absorption and the value of
o extent of absorption. The me
d-release granules were significantly higher
der, though the dose

for the powde

parameters Cpax
an nifedipine

AUC indicate the relativ
aine
Jose in the case of the pow
was double the dose in the powder.
and more

plasma levels of the sust
over the 2-12 h period than tl
of nifedipine adminstered as granules
Both granules showed lower peak pl
These prolonged pl
ands B and C. Both the reduction of

asma levels (Cmux)

asma levels were more

prolonged plasma levels.

significantly observed for granules br
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the peak plasma levels and the prolongation of the plasma levels observed
in the two formulations may be attributed to the retardation of the rapid
release of the drug from the granules at the early stage. The extent of

bioavailability of the granules of brands B and C were about 57% and 66%
of the powder respectively. The t_ . values for the two formulations were

larger than that of the reference, but there was no statistically significant
difference (at P > 0.05) in AUC ;5 h or t . values between the two types of

granules.

Table 2: PHARMACOKINETIC PARAMETERS OF NIFEDIPINE FOLLOWING SINGLE ORAL
ADMINISTRATION OF POWDER, FORMULATIONS B AND C GRANULES ,
AUC Crax Trmax HALF.LIFE*
TEST (pg/ml. 1) (pg/ml) ) ()

Plain Powder 565.72 + 57.25* 2183 +26.15° 11 4039 3.46001°
(44020 - 698.63) (187.1 - 253.6) (05-2.0) (326-3.86)

Formula B 321124+ 23,85 603244 254043 299 =002
(254.32-35430 (568-63.1) (15-49 (2.73-3.47)

Formula C 3740242572 560+231 2.6 4053 257 +0.02
(339.2 - £05.74) (528-59.1) (15-4) (2.60-3.1¢)

* Corrected for the dose by multiplying by 2.
** Half-life comparison is determined from linear regression of log conc 6-12 h.

The hypotensive effect of nifedipine in hypersensitive patients was
related to the plasma level®2:33) and the minimum nifedipine level

required for the effect was 10-15 pg/mi34), Thus, the patients should
receive one dose every 6 h (total: 40 mg/d). However, the granular
formulation of brand C would be expected to be effective even if the patients
receive it every 12 h (total: 40 mg/d). If two doses of nifedipine powder
(equal to the dose of the sustained-release granules) are administered to
the subjects, high peak plasma levels might produce severe side effects.

The slower release of nifedipine from the granules may minimize the side
effects, which are a result of high plasma levels(35).

In conclusion, the granules of formula C are expected to improve the

compliance of patients. Twice-daily dosing should be sufficient for
therapeutic effectiveness and minimization of intersubject variation.
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F1g. 2: Mean Plasma Profile of Nifedipine Following
Single Oral Administration of Powder, Form B and C.
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