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a b s t r a c t 

Solid dispersion (SD) systems have been extensively used to increase the dissolu- 

tion and bioavailability of poorly water-soluble drugs. To circumvent the limitations of 

polyvinylpyrrolidone (PVP) dispersions, HPMC E5 was applied in the formulation process 

and scaling-up techniques, simultaneously. In this study, SD of nimodipine (NMP) and corre- 

sponding tablets were prepared through solvent method and fluid bed granulating one step 

technique, respectively. Discriminatory dissolution media were used to obtain reliable dis- 

solution results. Meanwhile, the stability study of SDs was investigated with storage under 

high temperature and humidity conditions. Moreover, the solubility of SDs was measured to 

explore the effect of carriers. The preparations were characterized by DSC, PXRD, and FTIR. 

Dramatical improvements in the dissolution rate of NMP were achieved by the ingenious 

combination of the two polymers. Binary NMP/PVP/HPMC-SDs released steadily, while the 

dissolution of single NMP/PVP-SDs decreased rapidly in water. The fluid-bed tablets (FB-T) 

possessed a similar dissolution behavior to the commercial Nimotop 

TM tablets. The charac- 

terization patterns implied that NMP existed in an amorphous state in our SDs. Furthermore, 

the results of stability tests suggested a better stability of the binary SDs. A special coop- 

erative effect of PVP and HPMC was discovered on dissolution characteristics of NMP SDs 

and tablets, which could be extended to other drugs henceforth. Finally, the bioavailability of 

FB-T was evaluated in beagle dogs with Nimotop 

TM as the reference, and the results showed 

a higher AUC 0–12h value for FB-T. 

© 2018 Shenyang Pharmaceutical University. Published by Elsevier B.V. 
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1. Introduction 

NMP is known as a dihydropyridine calcium channel blocker
applied in the treatment of patients with subarachnoid hem-
orrhage [1] . As a class II drug in the Biopharmaceutics Classif-
cation Scheme, NMP has a high permeability, but a poor solu-
bility in water, which leads to a low bioavailability and limited
clinical efficacy [2] . For such drugs, drug release is an impera-
tive and limiting step [3] . And improving the release profile of
these drugs could make it possible to enhance their bioavail-
ability [4] . Therefore, various advanced approaches such as
salt formation, particle size reduction and complexation have
been exploited to enhance the dissolution rate [5] . Notably,
solid dispersion is considered as a promising strategy to raise
dissolution profile of sparingly soluble drugs [6 –8] . 

Most often, amorphous organic polymers such as PVP,
polyethylene glycol (PEG) and various cellulose derivatives are
capable of forming the amorphous solid solutions [4 ,9] . Par-
ticularly, SD prepared with relative high proportions of PVP
tends to perform a higher drug solubility and release rate
than those with high proportions of drug [7 10 ,11] . Meanwhile,
the chain length of PVP plays a crucial part in the dissolu-
tion rate of the scattered drug from its SD formulation [4 ,12] .
However, PVP exhibits a quick inhibition to the precipitation
of the drug from the supersaturated solution, the drug may
precipitate out faster than that prepares with HPMC, perform-
ing a sharp decrease of the dissolution rate in less than an
hour, while the drug with HPMC showed a smooth release
for more than an hour [13 ,14] . Due to its swelling and disso-
lution properties in aqueous solution, HPMC is of great im-
portance as a water soluble polymer carrier in controlling the
release of drug from SD system, which is probably related
to the formation of soluble complexes between the water-
soluble polymers and insoluble drug [15] . HPMC is commonly
used on account of its effects on both crystal growth inhibition
and extension of supersaturated conditions [16] . Moreover, Ya-
mashita et al. reported that SD formulations with HPMC have
been adopted to improve in vivo drug absorption [17] . Possi-
bly, it is expected that SDs with HPMC could exhibit a better
stability. 

Unexpectedly, despite all that super advantages, the num-
ber of commercial products resulting from SD strategies is rel-
atively low [18] . It is primarily imputed to the manufactur-
ing difficulties, the poor stability problems, and the scale-up
problems of the SDs. From a commercial point of view, the
most common SD product is tablet, which is the most pre-
ferred preparation ascribed to its obvious virtues and high
patients compliance [19 ,20] . Therefore, in order to realize the
scale-up of SD, the approach of fluid bed granulation is uti-
lized to formulate NMP tablets, which is an efficient strat-
egy to solve above problems, form solid dispersion, and even
achieve the pharmacoeconomics. Also, the granules obtained
from this technique exhibit excellent flowability, compress-
ibility and composition uniformity [21 –23] . 

In this article, a series of solid dispersions and tablets with
PVPs and HPMC have been developed to select a proper ra-
tio of drug and carrier by the standard of higher drug sol-
ubility, release rate and good stability. The first purpose of
present work is to investigate if the PVP and HPMC could affect
 

the release rate of NMP with the usage of differentiating me-
dia, simultaneously, as Suziki and Sunada reported that both
HPMC and PVP exhibited a high compatability with nifedip-
ine [14] . Phosphate buffer (pH 4.5) with 0.05% SDS (37 ± 0.5 °C)
was selected as the discriminatory dissolution medium for the
formulation screening, which have been proven its excellent
discriminating power to evaluate the relationship between in
vitro dissolution and in vivo absorption [24 ,25] . Also, purified
water was used as the other powerful discriminatory dissolu-
tion medium which could help select better formulations and
predict carriers’ potency of inhibiting crystallizing because the
commercial Nimotop 

TM tablets could release well in it [25] .
Then, the stability of single PVP-SDs and binary SDs was an-
alyzed in high temperature and high humidity. Based on the
results of SDs, NMP tablets were formulated by fluid bed tech-
nique to achieve the scale-up. Finally, the behavior of NMP
tablets in vivo was compared with Nimotop 

TM in beagle dogs. 

2. Materials and methods 

2.1. Materials 

NMP was purchased from Zhengzhou Ruikang Pharmaceu-
tical Company (Zhengzhou, Henan, China). The reference
commercial brand of nimodipine tablets was Nimotop 

TM

30 mg tablet (batch No.20150130/22, Bayer AG, Germany).
Hydroxypropylmethyl cellulose E5 (HPMC-E5), magnesium
stearate, and microcrystalline cellulose (MCC-SH101) were
kindly gifted from Anhui Shanhe Pharmaceutical Excipients
Co., Ltd. (Huainan, China). Polyvinylpyrrolidone K25 (PVP K25),
Polyvinylpyrrolidone K30 (PVP K30) and Kollidon CL (PVPP)
were provided by BASF Co., Ltd. (Shanghai, China). Sodium do-
decyl sulfate (SDS) was purchased from Tianjin Damao chem-
ical reagent factory (Tianjin, China). All reagents were analyt-
ical grade. 

2.2. Preparation of NMP-SDs 

NMP-SDs were prepared by solvent evaporation with ethanol.
When PVP and HPMC were dissolved simultaneously, a 1:1
(v/v) mixture of ethanol and dichloromethane had to be
added. The solvent was heated to 40 °C to help dissolve
completely by water bath and then was removed by rotary
evaporation under vacuum at same temperature for 1 h.
Thus, a series of solid dispersions with NMP/PVP and
NMP/PVP/HPMC mass ratio were prepared. After complete re-
moval of the solvent, the formulations were dried overnight
in a vacuum desiccator at 25 °C. The dry amorphous SDs were
passed through a proper mesh sieve breezily to produce a ho-
mogeneous entirety. 

2.2.1. Optimization of the particle size of the NMP-SDs 
The dried amorphous materials were milled by a mortar and
passed through 80, 60 and 40 mesh sieves, respectively, to find
out a better particle size with a bigger drug release. 

2.2.2. Measurement of solubility of NMP and SD formulations
The NMP solubility was determined to investigate the mecha-
nism of the increase in dissolution of SD. An excess of NMP,
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nd SD formulations were added to 30 ml of water and ac- 
tate buffer (pH 4.5) containing 0.05% SDS. Then the samples 
ere kept under stirring at 150 rpm in air constant temper- 
ture oscillator (37 ± 2 °C) (CHA-S) for 72 h until a fixed con- 
entration of the drug was achieved. Supernatants were col- 
ected and filtered through 0.22 μm filters before measuring by 
PLC (Hypersil ODS2, 4.6 mm × 150 mm, 5 μm; HITACHI, Japan) 
t 236 nm. The mobile phase was composed of water and 

ethanol (35/65, v/v). The column temperature was sited at 
5 °C, and the flow rate was kept at 1.0 ml/min. 

.2.3. Stability study 
he samples were reserved in a desiccator under vacuum at 
0 °C, 75% relative humidity (NaCl saturated solution), sepa- 
ately. The dissolution studies on the SDs were managed after 
0 d. 

.3. Preparation of NMP-SD tablets by fluid bed method 

ranulation experiments were carried out in a top-spray lab 
ype Multifunctional Fluid Bed granulator (FLZB 1.5, Chinese 
echatronics, Changzhou, China), with total working volume 

f 4 l. Additives were comprised of MCC and PVPP, which had 

een pre-sieved through an 80 mesh sieve to get uniform for 
ranulation. Firstly, a solid dispersion solution which should 

e clear and transparent was formulated by dissolving NMP 
nd PVP in a certain amount of ethanol, which was also uti- 
ized as the binder of the particles. Then the binder solution 

as sprayed at a rate of 8–10 g/min during granulation. The 
ompressor flow rate was 25–50 m 

3 /h, which was adjusted 

o make certain a good and consistent flow image through- 
ut the whole process [22] . The heating temperature of flu- 

dized bed was 40 °C. Then the granule samples were passed 

hrough a 40 mesh sieve to separate unusual lumps. Then the 
xcipients (including HPMC E5, disintegrants and lubricants) 
ere weighed accurately and blended fully. Finally, the powder 
lends were filled into the dies and compressed into tablets 
ith the usage of a ZP-5 type rotary tablet press (Shanghai,
hina). 

.4. Dissolution studies of SDs and tablets 

he dissolution studies were performed according to dissolu- 
ion test Apparatus 2 of NMP tablets as described in the BP 
015 edition (RC806D, Tianjin TiandaTianfa Technology Co.,
td., Tianjin, China). The dissolution tests were implemented 

t 37 ± 0.5 °C at a rotation speed of 75 rpm. A certain amount 
f SD (30 mg as NMP) powders were added to 900 ml dissolu- 
ion apparatus directly, and 5 ml of the samples were with- 
rawn at 5, 10, 20, 30, 45, 60 min and filtered with 0.22 μm fil-
ers. The filtrate was analyzed by using UV spectrometer at 
56 nm (model UV-1102, Techcomp Ltd, China). 

.5. Solid-state characterization of NMP crystalline, SDs 
nd fluid-bed granules 

.5.1. Differential scanning calorimetry (DSC) 
SC analyses were performed with a METTLER (Switzerland) 
alorimeter to obtain the thermograms. Samples 4 mg approx- 
mately were weighed and sealed in aluminum crucibles with 
erforated lids. The samples were heated from 30 °C to 160 °C 

t a heating rate of 10 °C/min under nitrogen atmosphere with 

 flow rate of 40 ml/min. 

.5.2. Powder X-ray diffraction (PXRD) 
owder X-ray diffraction (Rigaku Corporation, Tokyo, Japan) 
as carried out to research the solid state properties. The 
easurements were performed at room temperature, scan- 

ing over the 2 θ angles from 3 ° to 50 ° at steps of 0.05 °. Mea-
urement parameters were set as follows: target, Cu; voltage,
0 kV; current, 30 mA. 

.5.3. Fourier transform infrared spectroscopy (FTIR) 
he IR spectra were obtained in the spectral region 4000–
00 cm 

–1 with a resolution of 4 cm 

–1 on a Fourier-transform 

nfrared spectroscopy (FTIR) (Bruker Corporation, Switzerland) 
ith the KBr disk method. 

.6. Pharmacokinetic study 

.6.1. Administration program 

he pharmacokinetic study was approved by the Ethics Com- 
ittee of Shenyang Pharmaceutical University. The study de- 

ign involved a single dose of two treatments and two peri- 
ds. Each dog was given two preparations with a one week 
ashout period between each. Six beagle dogs were used 

or each treatment group. After fasting overnight, prepara- 
ions containing 30 mg NMP (Nimotop 

TM , FB-K30 Tablets) were 
iven to the beagle dogs with water. 2 ml of blood samples 
ere obtained at predetermined times (0.17, 0.33, 0.67, 1,

.5, 2, 3, 4, 6, 8, 10 and 12 h) after administration. Plasma
as separated from samples by centrifugation (3500 rpm 

or 10 min) and stored at −20 °C until analysis within one 
onth. 

.6.2. Plasma sample preparation 

lasma (50 μl) was spiked with 50 μl internal standard solu- 
ion (lacidipine, 100 ng/ml dissolved in methanol) and 50 μl 

ethanol. The sample was subsequently made alkaline with 

0 μl 0.1 mol/l NaOH solution and extracted with 3 ml solvent 
n-hexane/diethylether = 1:1, v/v) by vortexing for 3 min. After 
entrifugation at 3500 rpm for 10 min and the supernatant was 
ransferred to a conical tube. The separated organic phase was 
hen evaporated at 37 °C. The residue was reconstituted with 

00 μl mobile phase and vortexed for 3 min. After centrifuga- 
ion at 12 000 rpm for 10 min, a 5 μl aliquot was injected into
he UPLC-MS/MS system. 

.6.3. Analysis conditions 
he analysis was carried out on an ACQUITYTM UPLC sys- 

em (Waters Corp., Milford, MA, USA) with cooling autosam- 
ler and column oven. An ACQUITY UPLC 

TM C 18 column 

100 mm × 2.1 mm, 1.7 μm; Waters Corp., Milford, MA, USA) 
as employed for separation with the column temperature 
aintained at 35 °C. The chromatographic separation was 

chieved with a mobile phase composed of 0.2% formic 
cid and acetonitrile (17/83, v/v). The flow rate was set at 
.20 ml/min. 

The ESI source was operated in positive ionization mode.
he quantification was performed using multiple reaction 
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Fig. 1 – Release rates of (A) PVP-SDs with different sizes and 

(B) binary SDs, pure NMP in acetate buffer pH 4.5 (0.05% of 
SDS), (C) SDs and pure NMP in water. 

 

 

 

 

 

 

 

 

 

 

 

 

monitoring (MRM) of the transitions of m/z 419.3 → 343.3 for
nimodipine and m/z 473.3 → 354.3 for lacidipine (IS), respec-
tively. The linear range was 5–1000 ng/ml with an r (correlation
coefficient) value of no less than 0.99. 

3. Results and discussion 

3.1. In vitro dissolution studies 

3.1.1. Dissolution behavior of different SDs under discrimina-
tory dissolution media 
The typical PVPs (PVP-K25 and PVP-K30) which have simi-
lar abilities of crystallization inhibition were selected. Mean-
while, the capabilities of controlling release and inhibiting
crystallization of HPMC-E5 were investigated under the exis-
tence of PVP in the SDs. 

Five proportions of SDs (passed through a 40 mesh sieve)
of drug-PVP K25 = 1:2, 1:3, 1:4, 1:5, 1:6 and drug-PVP K30 = 1:2,
1:3,1:4, 1:5, 1:6 weight ratios were prepared and their disso-
lutions were measured. According to the dissolution behav-
ior (data were not shown), the in vitro performance of SDs at
drug-polymer ratios of drug-PVP K25 = 1:3, drug-PVP K30 = 1:3
were considered favorable under phosphate buffer (pH 4.5)
with 0.05% SDS ( Fig. 1 A). Both the SDs brought the release of
NMP to over 90%, and the SDs showed a little decrease after
the biggest release. 

Meanwhile, the favorable particle size was searched by
milling the favorable ratios of SDs and passing through an
80, 60 and 40 mesh sieve severally. Obviously, the SDs with
lower particle size showed an agglomeration phenomenon
and registered a severe decrease to 50% release of NMP, which
revealed that the particle size impacted seriously on the
solubility of the drug from SDs and a proper particle size was
indispensable. Hence, the SDs with passing through a 40 mesh
sieve were recommended. 

Furthermore, the dissolution behavior of PVP-SDs (40
mesh) in purified water was performed ( Fig. 1 C). Surprisingly,
both the PVP-SDs displayed a rapid decline of release in less
than 30 min, which implied the water instability of the SDs. 

By understanding the advantages of controlling the release
of drug from SD system of HPMC, HPMC E5 was selected to
prepare the SDs cooperatively. Also, a series of drug-PVP K25-
HPMC E5 = 1:1:1, 1:2:1, 1:3:1, 1:4:1, 1:2:2, 1:1.5:1.5 and drug-PVP
K30-HPMC E5 = 1:1:1, 1:2:1, 1:3:1, 1:4:1, 1:2:2, 1:1.5:1.5 weight ra-
tios of SDs (all of 40 mesh) were prepared and their dissolu-
tions were observed. For the viscous speciality of the HPMC
E5, all of these SDs were required to be milled to pass through
a 40 mesh sieve. On the basis of the measured dissolution be-
havior (data were not shown), the vitro performance of SDs
at drug-polymer ratios of 1:3:1, 1:2:2, 1:1.5:1.5 showed a com-
mendable release, drug–polymer ratios of drug-PVP K25-HPMC
E5, drug-PVP K30-HPMC E5 = 1:3:1 were considered favorable
under both dissolution medium ( Fig. 1 B), considering the op-
erability and pharmacoeconomics. The SDs with HPMC E5 dis-
played a gently release of more than 85% of NMP under phos-
phate buffer (pH 4.5) with 0.05% SDS in 60 min. Meanwhile,
nearly 80% of NMP in the SDs was released under purified wa-
ter ( Fig. 1 C), which presented a significant increase compared
to NMP raw material, and was similar to Nimotop 

TM ( Fig. 2 B).
Undoubtedly, with the help of HPMC E5, a huge improvement
was developed in the quality of the solid dispersions. 

3.1.2. Dissolution behavior of NMP fluid bed tablets 
According to the dissolution results of SDs, drug-polymer ra-
tios were fixed as 1:3 (drug-PVP) in preparing fluid bed tablets.
Both PVP-K25 and PVP-K30 were explored to discover whether
they had distinct effects in the tablets’ drug release. The
amounts of HPMC E5 were determined by the effects of in-
hibiting crystallization. Therefore, three concentrations (9%,
6%, 3%, w/w) of HPMC E5 in the tablets were prepared and
their dissolutions were characterized to determine the favor-
able ratio. On the grounds of the dissolution behavior, the fa-
vorable concentration of HPMC E5 was 3% and 6% in FB-K25
tablets and FB-K30 ones, respectively ( Fig. 2 A). Obviously, PVP-
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Fig. 2 – Release rates of tablets and commercial Nimotop 

TM in (A) acetate buffer pH 4.5 (0.05% of SDS) and (B) in water. 

Fig. 3 – Solubility of NMP and SDs in water and 0.05%SDS 

(pH 4.5). 
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30 tablets manifested a continued rise of the release rate 
n 60 min, while PVP-K25 tablets revealed a downtrend after 
0 min under the purified water ( Fig. 2 B), which implied the 
onger chain length, the deferred crystallization. Given the 
bove, FB-K30 tablets with 6% HPMC E5 were the most rec- 
mmended formulation. Proper amount of HPMC E5 made 
 prodigious contribution to inhibiting crystallization, espe- 
ially illuminated in the discriminatory dissolution media of 
ater. 

.2. Solubility of NMP and SDs 

o seek the effect of SDs on the solubility of NMP, the solubility 
f SD formulations was measured, especially the effect of in- 
ibition of reprecipitation by the binary SDs. Fig. 3 shows the 
esults of solubility of the NMP and SDs in water and 0.05% 

DS (pH 4.5), respectively. 
As regards the solubility of SDs in water, increases 

omparing to the crystalline NMP (1.48 μg/ml) were of 
70.27% ± 0.25% (5.48 μg/ml), 410.14% ± 0.10% (6.07 μg/ml),
16.89% ± 1.09% (9.13 μg/ml) and 430.41% ± 1.06% (6.37 μg/ml) 
or 1:3-SD, 1:1.5:1.5-SD, 1:3:1-SD and 1:4:1-SD, respectively. By 
ontrast, the solubility of NMP and SDs in 0.05%SDS (pH 4.5) 
ere 7.91 μg/ml, 27.15 μg/ml (1:3-SD), 36.03 μg/ml (1:1.5:1.5- 
D), 36.07 μg/ml (1:3:1-SD) and 32.60 μg/ml (1:4:1-SD). These 
esults clarify that the increases in dissolution of SDs counted 

n the improvements of solubility directly. Moreover, the 
olubility of binary SDs displayed a higher value even in same 
arrier concentration with the single SD, which revealed the 
etter dissolution behavior of them. 

.3. Stability study 

s the amorphous material may precipitate out on aging [26] ,
he re-crystallization of the API leads to the decrease of disso- 
ution level. The stability of SD becomes quite an issue in the 
ommercial application. 

The stability study of SDs was performed after storing at a 
esiccator under vacuum at 60 °C, 75% RH for 10 d, separately.
ig. 4 shows the dissolution changes of the two SDs in such 

onditions. Obviously, the drug release of single SDs dropped 

arkedly both in two conditions, while the rate of dissolution 

f binary SDs lowered slightly. The dissolution results sug- 
ested the better stability of binary SDs and the power of in- 
ibiting crystallization of HPMC. 

.4. Characterization of the solid dispersions and tablets 

.4.1. Differential scanning calorimetry (DSC) 
hermoanalytical methods consist of all that could detect 
 characteristic of the system as a function of temperature.
mong them, differential scanning calorimetry (DSC) is one of 

he most highly recommended method that enables the quan- 
itative detection of all processes in which energy is required 

r generated [4] . The DSC curves for the drug, carriers and SDs
40 mesh and 80 mesh) were plotted. As NMP polymorphs can 

e differentiated via DSC [27] , the NMP raw material appeared 

 single melting presentation at 124.1 °C, fixing its identity as 
ure Mod I ( Fig. 5 A). 

To examine the solid-state of the SDs, DSC profiles of 
he samples were drawn after a period of storage (3 months 
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Fig. 4 – Release rates of SDs in (A) water storing at 60 °C, (B) 0.05%SDS (pH 4.5) storing at 60 °C, (C) water storing at 75% RH, 
and (D) 0.05%SDS (pH 4.5) storing at 75% RH. 

Fig. 5 – DSC curves of (A) NMP, carriers, physical mixtures and (B) the SDs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in a desiccator) in comparison with their respective physi-
cal mixtures, which are shown in Fig. 5 B. Obviously, all the
SDs did not show any crystalline reflections, comparing to
physical mixtures with crystallinity of the drug. It revealed
that milling did not change the form of the SDs, and the de-
crease of dissolution of the SDs (80 mesh) was due to the
aggregation phenomena which could be observed during the
experiments. Also it explained that the improved solubility
is the result of the disordered structure of the amorphous
halos. 

Moreover, DSC patterns of the fluid bed granules were
recorded to detect whether the drug presented as an amor-
phous form in the tablets ( Fig. 6 ). Expectedly, neither the gran-
ules sent crystalline events, by contrast, the physical mix-
tures of the excipients with obvious crystallization peak of the
drug. 
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Fig. 6 – DSC curves of physical mixtures of excipients and 

fluid bed granules. 
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Fig. 8 – PXRD patterns of physical mixtures of excipients 
and fluid bed granules. 
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.4.2. PXRD 

XRD was performed to explain crystallization behavior of 
imodipine SDs following preservation in a desiccator for 3 
onths, as well as the raw material, carriers, physical mix- 

ures, which are shown in Fig. 7 . As the reflection at 6.6 ° is ex-
lusive for Mod I, whilst that at 10.4 ° is characteristic for Mod 

I [28] , it is obvious that the raw material is composed exclu- 
ively of the metastable polymorph Mod I ( Fig. 7 A), which are 
orresponded to the results of DSC. 

For all of the physical mixtures, the crystalline reflections 
f the drug could be clearly observed, which reveals that amor- 
hous phase related to the SDs attributes to the preparation 

rocess. Also, as can be observed in Fig. 7 B, all of the SDs (40
esh and 80 mesh) showed amorphous characteristics, ac- 

ounting for the increase in the solubility of NMP in these for- 
ulations and in accordance with the DSC results. 
As shown in Fig. 8 , both the fluid bed granules pre- 

ented amorphous characteristics, in agreement with the DSC 

esults. 

.4.3. FTIR spectroscopy 
TIR was carried out to confirm whether the changed chem- 
cal structure interactions happened in the SDs systems, as 
hown in Fig. 9 . As NMP has an amine group in its molecule,
Fig. 7 – PXRD patterns of (A) NMP, carriers
hich may form hydrogen bonds with the carbonyl groups of 
he PVP macromolecules [29] and the hydroxyls of HPMC E5.
ig. 9 A showed characteristic peaks of NMP at 3430 cm 

−1 ((N 

–H
tretching vibration peaks) [30] , 1650 cm 

−1 (C 

= O stretching vi- 
ration peaks) [31 ,32] , and 1270 cm 

−1 (C 

–N stretching vibration 

eak) [15] . As shown in Fig. 9 B, the characteristic peak of NMP
270 cm 

−1 (C 

–N stretching vibration peak) nearly disappeared 

rom SDs. Importantly, this kind of interaction between drug 
nd carrier is an extra advantage for the SDs, since they may 
ncrease the solubility of the drug into the hydrophilic carriers.

As for fluid bed granules, the phenomena were similar with 

hose of SDs, and different from their physical mixtures of ex- 
ipients, as shown in Fig. 10 . 

.5. Pharmacokinetic study in vivo 

PLC-MS/MS method was applied to a pharmacokinetic study 
f nimodipine tablets in beagle dogs. As the vitro behavior of 
B-K30 tablet was more similar to Nimotop 

TM , the vivo behav- 
or of it was looked forward to having better results. The profile 
f the mean plasma concentration-time is shown in Fig. 11 . 

The C max of Nimotop 

TM (R) and FB-K30 tablets (T) was 
imilar (425.2 ± 90.4 and 431.2 ± 81.8 ng/ml). The AUC 0–12 h of 
, physical mixtures and (B) the SDs. 
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Fig. 9 – FTIR spectra of (A) NMP, carriers, physical mixtures and (B) the SDs. 

Fig. 10 – FTIR spectra of physical mixtures of excipients and 

fluid bed granules. 

Fig. 11 – Mean NMP plasma profiles from a single dose 
(30 mg) bioavailability study compared with Nimotop 

TM 

( n = 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nimotop 

TM and FB-K30 tablets were 780.4 ± 276.0 ng ·h/ml and
1064.4 ± 302.4 ng ·h/ml, respectively. The AUC 0–∞ 

of FB-K30
tablets was 1464.2 ± 878.6 ng ·h/ml, which was higher than
that of Nimotop 

TM (826.3 ± 295.3 ng ·h/ml). The AUC 0–12 h and
AUC 0–∞ 

of NMP after the oral administration of FB-K30 tablets
were 1.4 and 1.8 fold higher than those of Nimotop 

TM . Com-
paring to Nimotop 

TM , FB-T showed a little decrease in T max

(0.723 h for T, 0.807 h for R), indicating a faster drug absorp-
tion of FB-K30 tablets in vivo . The results of enhancement in
bioavailability were in agreement with the results reported in
previous study, revealing the positive effect of HPMC in vivo
drug absorption [17] . Meanwhile, it could be concluded that
fluid bed was quite an efficient technology to improve the oral
bioavailability of NMP. 

4. Conclusions 

A solvent evaporation method was applied to screen carri-
ers based on their ability to inhibit moisture-induced solid-
state crystallization of nimodipine. Meanwhile, solid disper-
sions tablets have been successfully prepared by removing the
solvent from the drug and the polymers with the usage of a
fluid-bed one-step granulating technique. 

The dissolution results of the tablets and PVP-HPMC SDs
revealed the success of the cooperative effect of PVPs and
HPMC E5, since PVP helped improve the release rate and HPMC
E5 contributed to inhibiting crystallization and the stability
of the SDs. The solubility in the polymer is directly related
to the stabilization of amorphous drug against crystallization
[33] . Unignorably, the effect of PVP K30 was superior to that of
PVP K25, and the difference was significant on the condition
of tablets. Also, dissolution data verified the negative effect of
small particle size (80 mesh and 60 mesh) on the PVP-SDs for
the aggregation effect, and the particle size of 40 mesh was
recommended. Moreover, proper milling made little effect on
the morphology of SDs. 

Last but not least, the dissolution phenomena of the tablets
were corresponded to the behavior of SD, which implied



676 Asian Journal of Pharmaceutical Sciences 14 (2019) 668–676 

t
s
s
N
t
d
s

C

T

r

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

hat the application of fluid-bed manufacturing realized the 
caling up of SD successfully. The pharmacokinetic study 
howed that FB-T exhibited a higher bioavailability in vivo to 
imotop 

TM . It is also indicated that the fluid-bed granulating 
echnique could possibly be widely used to the tablets of solid 

ispersions and may get application in the manufacturing and 

caling-up of solid dispersion preparations in the future. 
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