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ABSTRACT Nimodipine is a dihydropyridine calcium antagonist used
in clinical trials in the treatment of ischemic damage in subarachnoid hem-
orrhage and commercially available as nimotop® intravenous infusion solu-
tion and tablets. However, due to its poor solubility in water, intravenous
administration depends on the use of the dehydrated alcohol to achieve a
clinically relevant concentrated infusion solution while the low bioavailability
of the nimotop® tablets were far away from content. We have prepared a
well-characterized novel lyophilized liposome-based nimodipine formula-
tion that is sterile and easy-to-use. Of the several formulations examined,
nimodipine-liposomes composed of ePC/CHOL 20:3 and co-surfactant
poloxamer 188/sodium deoxycholate/ePC/3:0.3:5 were chosen for further
studies. This composition was found to give more stable liposomes than
other formulations. It gave 89.9% entrapment efficiency and particle size of
200 nm after lyophilization. The pharmacokinetic parameters following
orally and intravenously administration to New Zealand rabbits were deter-
mined and compared with those of commercial nimodipine formulations.
Encapsulation of nimodipine in liposomes produced marked differences
over those of commercial preparations with an increased Cmax, prolonged
elimination half-life, and an increased value for AUC. The obtained values
for mean residence time (MRT) indicated that nimodipine remains longer
for liposomal formulation. Thus an optimum i.v. liposome formulation
for nimodipine can be developed for an alternative to the commercial
nimodipine preparations.
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INTRODUCTION

Vasospasm of the cerebral arteries due to subarachnoid hemorrhage is a
major source of delayed ischemic deficits in patients with ruptured aneu-
rysms (Mayberg, 1998). Currently, nimodipine is the only therapy available
that has been proven to reduce the morbidity and mortality associated with
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delayed ischemic deficits in patients (Dorsch, 2002).
As a result, it is the benchmark which new therapies
will be tested against. Future investigations that com-
pare experimental therapies to nimodipine are essential
precursors to an effective, comprehensive treatment
plan for subarachnoid hemorrhage.

Nimodipine was practically insoluble in water
(Grunenberg et al., 1995), and not appropriate so far
for oral or intravenous administration. In clinical prac-
tices, standard method of dosing called for a 60 mg oral
dose of nimodipine to be given every 4 h for 21 days
(Toyota, 1999). The frequency of this dosing regimen
reflected the low bioavailability of orally-administered
nimodipine due to slow drug dissolution, drug decom-
position in stomach acid (He et al., 2004), and the high
first-pass metabolism of nimodipine in liver (Ramsch
et al., 1985). Pharmacokinetic studies showed that the
bioavailability of orally-administered nimodipine was
between 4 and 13% in healthy subjects (Ramsch et al.,
1985). Intravenous nimodipine administration was an
alternative of oral administration which could provide
greater bioavailability. However, because of the poor
solubility in water, the current nimotop® i.v. infusion
consisted of nimodipine solubilized in 25% (v/v)
dehydrated alcohol. Patients were generally required
to be admitted to the hospital overnight because of
long infusion time and caused additional inconve-
nience to the patients. Nimotop® infusion solution
must be administered by means of an infusion pump
in the bypass together with the recommended infu-
sion solution via 3-way stop cock to the central
catheter, and the ratio of nimodipine solution to
concomitant infusion solution should be maintained
at 1 to 4 by volume to ensure appropriate dilution of
nimodipine i.v. This was in order to avoid the possi-
bility of precipitating nimodipine with resulting in
crystal formation seen in vitro tests at higher dilutions.
Furthermore, nimotop® was associated with several
stability and compatibility issues, such as possibility of
drug precipitation upon dilution (Feng & Yang, 2003),
light sensitivity (Ragno, G., 1995), and non-specific
adsorption to infusion micro-pump (Qi et al., 2003).
The aforementioned stability and compatibility issues
present a number of practical problems with respect to
the special requirement of a filter device and use of
non-plasticized containers and infusion sets during
drug storage and infusion.

Given all the drawbacks of the commercial
products, it is thus apparent that there is a need for a

better nimodipine formulation that is easy to use and
may be more efficacious than nimotop®. The primary
goal of this work was to develop a nimodipine formu-
lation using a better-tolerated drug delivery system
to deliver nimodipine. Various approaches or drug
delivery systems of formulating nimodipine, including
emulsions (Zhang et al., 2004), slow-release pellets
(Perez-Trepichio & Jones, 1996), subcutaneous admin-
istration (Laslo et al., 2004), intranasal administration
(Zhang & Jiang, 2005), and liposome (Schlossmann
et al., 1985) have been reported. Among the drug
delivery systems, liposomes represent a mature,
versatile technology with considerable potential for
entrapment of both lipophilic and hydrophilic drugs
(Vemuri & Rhodes, 1995). It has been shown that
liposome delivery systems could enhance drug
solubility, reduce toxicity, and improve stability of
drugs by protecting compounds from chemical degra-
dation or transformation (Mi & Burke, 1994). Several
liposomal products have been proven to be more
effective, less toxic, and exhibited improved phar-
macokinetic and pharmacodynamic profiles than
free drugs (Thomson & Montvale, 2003); however,
the number of commercially available liposomal
products was still limited (Zhang & Pawelchak, 2000).
To be useful as a pharmaceutical product, the
liposomal formulation should have a high drug to
lipid ratio in order to reduce unnecessary lipid load
to the patients, a relatively higher drug entrapment to
lower free drug in the product, and a scalable manu-
facturing process.

The objectives of the present study were (1) to
develop a pharmaceutically acceptable formulation,
(2) to fully characterize the formulation, and (3) to
evaluate pharmacokinetics of single dose of nimo-
dipine following oral and intranasal administration.

MATERIALS AND METHODS
Chemicals

Nimodipine was provided by Shandong Xinhua
Pharmaceutical Company Limited, China. Egg yolk
phosphatidylcholine (ePC, E 80) was purchased from
Lipoid GmbH, Germany. Polysorbate-80 was provided
by Shanghai Shenyu Pharmaceutical & Chemical Co.,
Ltd., China. Cholesterol was purchased from China
Medicine Shanghai Chemical Reagent Corporation,
China and Triton X-100 was from Sigma, Zhenjiang
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Green Bio-engineering Co., Ltd. All other reagents
and solvents used were of analytical grade. Distilled
water was used throughout this study.

Preparation of Nimodipine
Liposome

Liposome vesicles containing nimodipine were
prepared by lipid-dripping method (Deamer &
Bangham, 1976) with modifications. Briefly, required
amounts of phospholipid and cholesterol with different
quantities of surfactants (ePC: CHOL mass ratio =
20:3 in Table 1) were dissolved in absolute ethanol to
be a lipid solution and dripped into a stirred and
thermostated cell (60°C) of cryoprotective agent
mannitol aqueous solution at a rate of 2 mL per
10 min. After equally dispersed for about 30 min,
high-pressure homogenizer (APV2000, APV Co.,
Silkeborg, Denmark) was carried out to reduce the
size of the liposomes for 3–5 cycles until the
dispersion system became homogeneous, transpar-
ent, and slightly opalescent. The resulting liposome-
based drug formulation was then sterile filtered
through 0.1 μm filter and filled into 25 mL vials in
aliquots of 7 mL. The filtered formulation in vials

was lyophilized using Tofflon lyo-5 (sip+cip) lyophilizer
(Genesis, The Fulong Company, Shanghai, China).

The lyophilization cycle consisted of cooling the
solution down to −45°C for 6 h, primary drying for
24 h at −25°C under 0.4 Pa pressure, and ramp from
−25°C to −5°C for 8 h under 7 Pa chamber pressure.
Second drying was performed at 25°C for 6 h under 7
Pa chamber pressure. The chambers were removed
and the vials were closed with rubber caps and stored
at 4°C until further treatments.

The lyophilized liposomes (freeze-dried cakes) were
reconstructed with 5% mannitol solution to its ori-
ginal volume before use.

Characterization of Liposomes
Vesicle Size Measurement

Immediately after preparation, nimodipine-loading
liposomes were examined for possible aggregation by
visual inspection. Thereafter, mean diameter and par-
ticle size distribution of the liposomes were deter-
mined using dynamic light scattering (DLS) technique
with a Zeta Potential/Particle Sizer 3000 HS (Particle
Sizing Systems, Malven Co., Worcestershire, UK)
equipped with auto dilution function. The laser in this

TABLE 1 Characteristics of Nimodipine-carrying Liposomesa (nimodipine:ePC: CHOL Mass Ratio = 1:20:3)

Surfactant Surfactant: ePC (w/w)
Average particle

sized (nm)
Zeta potential 

(mv) Stabilityb
Entrapment 

efficiencyc (%)

Poloxamer 188

1:5 125.9 −48.8 24 hs 94.9
2:5 99.7 −37.6 24 hs 87.9
3:5 54.3 −31.1 24 hs 84.9

Surfactant: 
ePC(w/w) Surfactant: ePC (w/w)

Average particle
sized (nm)

Zeta potential
(mv) Stabilityb

Entrapment
efficiencyc (%)

Poloxamer 188:
ePC = 3:5

Span-40
0.2:5 102.7 −25.5 8 hs 88.9
0.6:5 117.9 −23.3 8 hs 83.2

Span-80
0.2:5 106.3 −18.9 8 hs 83.7
0.6:5 204.1 −17.1 8 hs 80.2

Tween 80
1:5 80.6 −29.3 24 hs 78.6
2:5 50.9 −23.3 24 hs 74.7

Sodium 
deoxycholate

0.24:5 73.1 −36.3 24 hs 83.5
0.3:5 53.3 −38.3 24 hs 89.9

aValues were means of three experiments and standard deviations (not reported) were below 5% of the mean values.
bShort-term stability studies of the liposomal formulations after reconstituted and eight-fold diluted were judged as drug leakage and maintenance of

uniform size both at 2–8°C and room temperature.
cRatio between drug:lipid weight ratio by equilibrium dialysis.
dThe particle size was determined before freeze-drying.
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equipment was operated at 532 nm using a 90° angle
between incident and scattered beams. Polystyrene
bead standards were used to verify the performance of
the instrument prior to sample measurement. Data
were analyzed in terms of intensity, volume, and num-
ber distributions and reported as number weighted
distribution as mean of at least two replicates.

Negative-stain Transmission Electron 
Microscope (TEM) Observation

It has been previously demonstrated that TEM
techniques applied to negatively stained liposomes
constituted appropriate methods to study the forma-
tion and morphology of liposome structure (Memoli
et al., 1995). A Hitachi (Japan) H-7000 transmission
electron microscope operating at 75 kV was used.
Samples were deposited on carbon film coated Cu
grids. Negative staining with 0.5% phosphotungstic
acid solution was performed to enhance image quality.

Drug Entrapment Efficiency Measurement 
by RP-HPLC Assay

Encapsulation efficiency was determined by equilib-
rium dialysis as described before (Schneider et al., 1995)
using a Dianorm system with Diachema dialysis mem-
branes (cut-off 8000–10000, China Medicine Shanghai
Chemical Reagent Corporation, Shanghai, China). The
diluted liposome dispersion (1:100) was dialyzed
against a 20% ethanol solution for 4 h. After destroyed
by 5% aqueous solution of Triton X-100, the concentra-
tion of nimodipine in the liposomes were determined
by RP-HPLC consisting of a reversed-phase column
(Hypersil ODS, 250 mm × 4.6 mm, 5 μm, Dalian Elite
Analytical Instrument Co., Ltd., Da Lian, China). The
mobile phase was methanol-water-tetrahydrofuran
(40:30:30 v/v). The detection wavelength was 237 nm.
The flow rate was 1 mL/min and the column tempera-
ture was 40°C. The encapsulation efficiency was
calculated as a fraction of drug in the liposome pellet
expressed as a percentage of total drug content.

Pharmacokinetics Studies
Fourteen New Zealand white male rabbits with an

average weight of 2.5 kg were used in this study. The
rabbits were fasted overnight but were allowed free
access to water. Each animal received a dose in one of

the following dosage forms: (1) nimotop® oral tablet
at dose of 8 mg/kg (n = 5); (2) nimotop® i.v. infusion
solution 0.4 mg/kg per hour (Nimotop S, Bayer AG)
was administered for 60 minutes (n = 5); and (3) nimo-
dipine liposomal formulation for i.v. infusion prepared
was administered as the infusion solution (n = 5). The oral
doses were administered using polyethylene tube while
the marginal ear vein was used for the i.v. dosing with the
aid of implanted cannula for collecting blood samples.
The samples (about 2 ml) were collected in heparinized
tubes prior to and at intervals of 0.25 h post oral adminis-
tration and prior to and up to 5.0 h after the beginning
of i.v. infusion administration. The samples were stored
at −4°C until HPLC analysis (Zhang et al., 2004).

Pharmacokinetic parameters for nimodipine follow-
ing administration of commercial and liposomal prepa-
rations were determined from the concentration-time
data. A computer program 3P87 (Administration of
Health, Beijing, China) was used for the fitting of
pharmacokinetic models (Zhang et al., 2000). The
maximum blood concentration (Cmax) and the time to
reach this maximum (Tmax) were obtained directly from
the individual concentration-time profiles. The area
under the concentration-time curve (AUC) and the area
under the moment curve (AUMC) were estimated by
the linear trapezoidal rule and extrapolated to infinity
using standard methods. The mean residence time
(MRT) was calculated as the ratio of AUMC0−∞ to
AUC0−∞. The data were analyzed for statistical signifi-
cance by the t-test (P < 0.05). All results were expressed
as the mean ± standard deviation (S.D.).

RESULTS
Formulation Development

Nimodipine liposome formulation was prepared by
different surfactant ratios in phospholipid suspension.
The liposomal compositions used to evaluate in vitro
short-term stability and in vivo pharmacokinetics were
optimized to obtain maximal stability and nimodipine
incorporation. Ethanol-dripping, followed by high-
pressure homogenization, was found to be a feasible
preparation method for homogeneous small vesicles.

First of all, we tried to prepare the liposome with
poloxamer 188 at different concentrations. The smaller
size of the liposomes were present at concentration
of 3:5 (poloxamer: ePC, w:w), while the entrapment
efficiency was unsatisfactory. Then co-surfactants have
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to be used. It was not possible to prepare liposomes of
this composition with span-40 and span-80 because
the preparation was unstable and a drug precipitate
was observed, which was verified by the high values of
zeta potential (Table 1). Tween-80 could be useful to
the stability of liposome, but the entrapment effi-
ciency was slightly decreased. The smaller vesicles
were present at the higher concentration of sodium
deoxycholate. Finally, the formulation composed of
co-surfactant, sodium deoxycholate/poloxamer 188/
ePC 0.3:3:5 (w/w) showed smaller size particle and
good stability as well as high drug entrapment effi-
ciency 89.9% (Table 1) and were selected for further
studies. Figure 1A shows the size distribution of the
nimodipine liposomes before dehydration and after
rehydration in the presence of mannitol at the con-
centrations of 5%.

After rehydrated, the liposomes were dispersed
homogeneously in the 5% mannitol aqueous phase
again. Resulting from fusioning on the periphery or
aggregation of several independent liposomes, dry cake
after rehydration gave rise to approximately spherical or
elliptical large aggregates ranging from 200 to 250 nm
(Fig. 1B), consistent with the hydrodynamic diameters
measured by DLS (Fig. 1(A)). Although the mean parti-
cle size of the liposome was increased from 53.3 nm
prior to lyophilization to 214.2 nm after redispersion
in the case of 5% mannitol, about 4.02 times larger
than the original dispersions, mannitol did not cause
significant differences in particle size depending on its
concentration that were similar to those reported previ-
ously (Kim et al., 2005).

Since nimodipine is usually given to the patients
as intravenous infusion, further dilution of the
product is necessary to adjust the dose and drug
infusion rate at a given time. The result of the
dilution study demonstrated that 8-fold diluted
nimodipine-liposome products stored at 2–8°C and
room temperature was physically stable for up to
24 h (Table 1). At both temperatures, the mean lipo-
some vesicle diameter remained unchanged at the
end of study. No precipitation or drug crystals were
observed during and at the end of study. Nimodipine
and lipid concentrations remained unchanged at
both temperature conditions over the course of the
stability study. The entrapment efficiency remained
the same regardless of the storage time and condi-
tion. There was no appreciable change in pH for the

diluted samples over the 24 h study period at room
temperature and 2–8°C. It can be concluded that the
reconstituted nimodipine-liposome products can be

FIGURE 1 A: Apparent Size Distributions of Nimodipine-
carrying Liposomes Before Freeze-drying and After Rehydration
in the Presence of 5% Mannitol. a: Before Freeze-drying; b:
Rehydration with 0 mM Mannitol; c: Rehydration with 5%
Mannitol. B: Transmission Electron Micrographs of Negative
Staining Samples of Nimodipine-loaded Vesicles Rehydrated in
an Aqueous Dispersion of 5% Mannitol.
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further diluted up to 8-fold and be used within 24 h
at clinical setting.

Pharmacokinetics
The mean plasma concentration vs. time profile of

nimodipine following oral and i.v. administration are
shown in Fig. 2 and the pharmacokinetic parameters

calculated in Table 2. Both i.v. routes gave significant
differences from oral administration in every pharma-
cokinetic parameter studied (P < 0.05). The absolute
bioavailability, which was defined as (AUCoral/DOSEoral)/
(AUCi.v./DOSEi.v.), was 13.17 ± 6.14% for oral tablets.
The low bioavailability of nimodipine from the tablets
could be due to a lower dissolution rate of drug parti-
cles as Toyota (1999) reported.

Encapsulation of nimodipine in liposomes pro-
duced a significant change in drug pharmacokinetic
parameters. Table 2 shows that nimodipine lipo-
some gave t1/2 β of 1.67 ± 0.70 h as terminal elimi-
nation half-life, compared with 0.97 ± 0.16 h for
free drug, indicating a longer elimination half-life
for nimodipine in liposome formulation. It appears
that nimodipne in liposomal formulation could be
given intravenously with a long duration of action
due to high drug and liposomal stability. The Cl
and AUC values confirmed this trend. Liposomal
nimodipine resulted in 3.53 times increase in AUC,
significantly increased from 66.44 ± 17.13 ng·h/l for
the free drug i.v. infusion solution to 234.8 ± 4.94
ng·h/l for the liposomes (p < 0.05), and 72.02%
decrease in Cl compared with nimodipine infusion
solution (P < 0.05). In addition, MRT of nimo-
dipine-liposomes was longer than that of nimo-
dipine infusion solution although statistically not
significant (P > 0.05).

FIGURE 2 Mean Plasma Concentration vs. Time Profile of
Nimodipine Following Oral Administration of Nimodipine Tablet
at Dose of 8 mg/kg (n = 5) and I.V. Infusion of Nimodipine
Infusion Solution (n = 5) and Liposomes at Dose of 0.4 mg/kg for
60 Min, Respectively (n = 5). Time (0.25, 0.50, 1.0, 1.50, 1.75, 2.0,
3.0, 4.0, 6.0, 8.0, and 10.0 h), Refrigerated, and Immediately
Centrifuged (5 min, 10,000 � g). Each Point Represents the
Mean � S.D.
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TABLE 2 Pharmacokinetic Parameters for Nimodipine After Administration of Three Dosage Forms: Oral Nimodipine Tablet (OT),
Intravenous Nimodipine Infusion Solution (INI), and Intravenous Liposomes (IVL)a

Parameter OT INI IVL

Dose (mg/kg) 8 0.4 0.4
AUC0−∞(ng·h/l) 173.5 ± 136.1 66.44 ± 17.13 234.8 ± 4.94*
AUMC (ng·h2) 593.7 ± 483.0 90.69 ± 21.33 445.4 ± 66.80
Fb (%) 13.17 ± 6.14 — —
Cl (l/h) 0.12 ± 0.11c (15.26 ± 5.44) × 10−3 (4.27 ± 0.08) × 10−3*
Vc (ml) 390.80 ± 171.10d 7.67 ± 1.53 2.83 ± 0.42
tmax (h) 0.75 1 1
Cmax (ng/ml) 50.36 ± 37.90 49.95 ± 15.07 149.4 ± 16.46*
t½ α (h) 2.30 ± 0.61 0.97 ± 0.16 1.67 ± 0.70
t½ β (h) 0.057 ± 0.14 0.21 ± 0.08 0.27 ± 0.037
MRT (h) 3.40 ± 0.60 1.37 ± 0.083 1.90 ± 0.26

AUC, area under curve; AUMC, area under mean curve; F, absolute bioavailability; Cl, clearance; t1/2 α, α half-life; t1/2 β, β half-life; Vc, distribution
volume of central compartment; MRT, mean residence time; *significantly different from INI (P < 0.05).

aEach value represents the mean ± S.D. (n = 5).
bF = (AUC OT/DOSE OT)/(AUCINI/DOSE INI).
cCl/F = oral clearance.
dVc/F = apparent volumes of distribution after oral administration.
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DISCUSSION

Several formulations were investigated in terms of lipid
to drug ratio, drug concentration, drug entrapment, and
short-term physical stability. Upon further optimization, a
lead formulation of liposome-based nimodipine was
developed. The ePC:CHOL and sodium deoxycholate:
poloxamer 188:ePC weight percent ratios were 20:3 and
0.3:3:5, respectively. Since lipid components in
the liposomes were heat labile, steam sterilization of
liposomes was not a viable approach. To achieve sterile fil-
terable liposome formulation, the size of nimodipine-
liposome, before freeze-drying, was reduced to about
50 nm by high-pressure homogenation to allow for aseptic
filtration through 0.1 μm membrane filter. Consequently,
ethanol-dripping, followed by high-pressure homogeniza-
tion, was found to be a feasible method to be large scale
produced of liposomes in pharmaceutical industry.

Nowadays, non-ionic surfactants are being widely
employed because they are readily incorporated as co-
surfactants into liposomes. The presence of poloxamer
molecules within liposome bilayers may sterically
inhibit contact between two vesicles and subsequently
prevent aggregation and fusion. As poloxamer concen-
tration was increased, vesicles may have been increas-
ingly inhibited from associating with other vesicles
during bilayer repair (Glavas-Dodov et al., 2005).
Castile et al. (2001) showed that bilayer permeability
of ePC was increased by the presence of poloxamers,
possibly due to the formation of “pores” or regions of
enhanced membrane fluidity caused by inclusion of
poloxamer within the bilayer. In addition, the strong
effect of cholate on the lecithin chain order could
most directly be interpreted as due to an increase in
the average cross-sectional area available to the alkyl
chains in the lamellae. There was a dramatic decrease
of the order in the lamellar phase on addition of cho-
late. Ulmius et al. (1982) have found that the presence
of cholate, added in the bilayer reconstitution process,
could give rise to artifacts dominating over the effect
of the drug itself on the chain order. A further conse-
quence of a cholate molecule solubilized flat on the
bilayer surface was that a local curvature would be
induced. These would account for the correlation
between the increasing presences of small vesicles at a
higher concentration of poloxamer and cholate.

Phospholipids in liposomes were known to be sensi-
tive to hydrolysis and oxidation in aqueous medium.
Liposomes can be hydrolyzed to form lysophospholipids

and free fatty acids. The lysophospholipids can be
further hydrolyzed to glycerophospho-compounds and
fatty acids (Zhang & Pawelchak, 2000). The hydrolytic
degradation may change the rigidity of liposomal bilay-
ers, retention of entrapped drug, and alter liposome size
and distribution. In order to enhance the chemical and
physical stability of the liposome formulation, freeze-
drying was used to remove free water from the formula-
tion to minimize lipid hydrolysis in this study. However,
it was a considerable challenge to preserve the structural
integrity of liposome during the dehydration/rehydra-
tion process. In the absence of any protective agents,
vesicle fusion and leakage of internal aqueous contents of
liposomes can occur (Harrigan et al., 1990). Sugars have
been shown to act as protective agents during dehydra-
tion/rehydration of liposomes to prevent vesicle fusion
and retention of encapsulated compounds within
liposomes (Madden et al., 1985). In this study, the cryo-
protective substance mannitol seems to protect the
liposomes during lyophilization against dehydration
damage. This was reflected by the existence of some
intact liposome structures observed in the TEM image
(Fig. 1B). Nevertheless, some of the nimodipine-carrying
liposomes also undergo changes during lyophilization due
to limited protection. Upon rehydration, new liposomes
were formed and result in vesicle size growth (Fig. 1).

The negative staining electron microscopy images
of the reconstituted nimodipine were presented in
Fig. 1B. The liposome vesicles as shown under
electron microscope were discrete particles with
sharp boundaries that range in size from 200 to
250 nm which matches the results obtained from
particle size measurements using DLS technique.
After lyophilization and reconstitution with 5%
mannitol solvent, the mean liposome vesicle size
increased by about 4 times as compared to the mean
diameter of the pre-lyophilization samples. The vesi-
cle size distribution of the samples was mono-model
(Gaussian) distribution.

The pharmacokinetic parameters of oral administra-
tion of nimodipine, i.v. infusion administration of
nimodipine infusion solution, and liposome have been
calculated. Oral-administration producing unsatisfactory
results was not surprising, considering the important
first-pass effect of hepatic metabolism on nimodipine
following oral administration (Ramsch et al., 1985; Vinge
et al., 1986). The data were consistent with these
previously published observations. In contrast to
orally-administered nimodipine, i.v. infusion doses of
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nimodipine led to significantly higher Cmax, t1/2 β, MRT,
and AUC values. The most likely explanation for the
difference in oral and i.v. administration was that i.v.
administration of nimodipine bypasses oral pre-systemic
elimination (hepatic and intestinal), thereby avoiding the
large first-pass effect (Vinge et al., 1986). In other words, a
large portion of the nimodipine that was given orally was
metabolized in the gut before it reached the systemic
circulation.

The most interesting observation regarding these
pharmacokinetic data was that incorporation of nimo-
dipine in liposomes produced better drug solubiliza-
tion in the blood circulation after i.v. infusion than that
showed by the commercial infusion. Indeed, plasma
concentration and some pharmacokinetic parameters,
such as AUC, AUMC, MRT (which better describe
the amount of drug available for the therapeutic effect
over time), showed the higher values in nimodipine-
liposome. Furthermore, some pharmacokinetic features
of nimodipine liposomes, such as clearance and t1/2 ▫,
would be related to the so-called long-ciruculating or
stealth liposomes described in the literature (Daemen
et al., 1997). The low reduced t1/2 β in the nimodipine
case appeared to be related to the reduced clearance
rate and, hence, to the reduced uptake of liposomal
drug by the elements of the mononuclear phagocytic
system (MPS).

CONCLUSION
We have developed a sterile, stable, lyophilized

liposomal formulation which was a viable alternative
to the nimotop®, due to its small and uniform
liposome size and easy-to-use character. The formu-
lation process used for nimodipine-loading liposome
was simple and scalable. The novel, sterile, and
lyophilized nimodipine-carrying liposome appears
to offer advantages of better safety (avoidance of
hypersensitivity) and improved patient compliance
(shorter infusion time and less time spent in the
treatment). Additional work is needed to verify
the in vivo pharmaceutical efficacy of nimodipine-
liposome in different conditions.

ACKNOWLEDGEMENTS
This work was financially supported by High-New

Technology Bid project of Jiangsu Province, P. R.
China (Code: BG2002023).

REFERENCES
Castile, J. D., Taylor, K. M., & Buckton, G. (2001). The influence of incu-

bation temperature and surfactant concentration on the inter-
action between dimyristoylphosphatidylcholine liposomes and
poloxamer surfactants. Int J Pharm., 221(1–2), 197–209.

Daemen, T., Regts, J., Meesters, M., Ten Kate, M. T., Bakker-Woudenberg,
I. A. J. M., & Scherphof, G. L. (1997). Toxicity of doxorubicin entrapped
within long-circulating liposomes. J. Control. Release, 44(1), 1–9.

Deamer, D., & Bangham, A. D. (1976). Large volume liposomes by an ether
vaporization method. Biochem Biophys Acta., 443(3), 629–634.

Dorsch, N. W. (2002). Therapeutic approaches to vasospasm in sub-
arachnoid hemorrhage. Curr. Opin. Crit. Care., 8(2), 128–133.

Feng, S., & Yang, X. (2003). Nursing drip nimodipine injection. Chin
CJCM., 3(16), 1460.

Glavas-Dodov, M., Fredro-Kumbaradzi, E., Goracinova, K., Simonoska,
M., Calis, S., Trajkovic-Jolevska, S., & Hincal, A. A. (2005). The
effects of lyophilization on the stability of liposomes containing
5-FU. Int J Pharm., 291(1–2), 79–86.

Grunenberg, A., Keil, B., & Henck, J. O. (1995). Polymorphism in binary mix-
ture, as exemplified by nimodipine. Int. J. Pharm., 118(1), 11–21.

Harrigan, P. R., Madden, T. D., & Cullis, P. R. (1990). Protection of lipo-
somes during dehydration or freezing. Chem. Phys. Lipids, 52(2),
139–149.

He, Z., Zhong, D., Chen, X., Liu, X., Tang, X., & Zhao, L. (2004). Devel-
opment of a dissolution medium for nimodipine tablets based on
bioavailability evaluation. Eur. J. Pharm. Sci., 21(4), 487–491.

Kim, B. D., Na, K., & Choi, H. K. (2005). Preparation and characterization
of solid lipid nanoparticles (SLN) made of cacao butter and curd-
lan. Eur. J. Pharm. Sci., 24(2–3), 199–205.

Laslo, A. M., Eastwood, J. D., Urquhart, B., Lee, T. Y., & Freeman, D.
(2004). Subcutaneous administration of nimodipine improves
bioavailability in rabbits. J Neurosci Methods., 139(2), 195–201.

Madden, T. D., Bally, M. B., Hope, M. J., Cullis, P. R., Schieren, H. P., &
Janoff, A. S. (1985). Protection of large unilamellar vesicles by
trehalose during dehydration, retention of vesicle contents. Bio-
chim. Biophys. Acta., 817(1), 67–74.

Mayberg, M. R. (1998). Cerebral vasospasm. Neurosurg. Clin. N Am.,
9(3), 615–627.

Memoli, A., Palermiti, L. G., Travagli, V., & Alhaique, F. (1995). Egg and
soya phospholipids — sonication and dialysis: A study on lipo-
some characterization. Int. J. Pharm., 117(2), 159–163.

Mi, Z., & Burke, T. G. (1994). Marked interspecies variations concerning
the interactions of camptothecin with serum albumins, a fre-
quency-domain fluorescence spectroscopic study. Biochemistry,
33(42), 12540–12545.

Perez-Trepichio, A. D., & Jones, S. C. (1996). Evaluation of a novel nimo-
dipine delivery system in conscious rats that allows sustained
release for 24 h. J Neurosci Methods., 68(2), 297–301.

Qi, J., Ma, K., Jin, G., & Hu, L. (2003). Absorption of nimodipine
parenteral solution by infusion set in intravenous administration
via micro-pump. Chin JMAP., 20(5), 389–391.

Ragno, G., Veronico, M., & Vetuschi, C. (1995). Analysis of nimodipine
and its photodegradation product by derivative spectrophotome-
try and gas chromatography. Int J Pharm., 119(1), 115–119.

Ramsch, K. D., Ahr, G., Tettenborn, D., & Auer, L. M. (1985). Overview on
pharmacokinetics of nimodipine in healthy volunteers and in
patients with subarachnoid hemorrhage. Neurochirurgia (Stuttg).,
28(Suppl 1), 74–78.

Schneider, T., Sachse, A., Rößling, G., & Brandl, M. (1995). Generation of
contrast-carrying liposomes of defined size with a new continuous
high pressure extrusion method. Int. J. Pharm., 117(1), 1–12.

Schlossmann, K., Zembrod, A., Kazda, S. (May 15, 1985). Parenteral
dihydropyridine liposome formulation. DE Patent 3,339,861.

Thomson, P. D. R., & Montvale, N. J. (2003). Physician Desk Reference,
AmBisome®, liposomal amphotericin B; Gilead, (NeXstar),
DaunoXome®, liposomal Daunorubicin, Gilead (NeXstar);
Doxil®, liposomal doxorubicin, Alza (Sequus), 57th ed.



227 Preparation of Stabilized Nimodipine-Containing Liposomes

Toyota, B. D. (1999). The efficacy of an abbreviated course of nimo-
dipine in patients with good-grade aneurysmal subarachnoid
hemorrhage. J. Neurosurg., 90(2), 203–6.

Ulmius, J., Lindblom, G., Wennerstrom, H., Johansson, L. B., Fontell, K.,
Soderman, O., & Arvidson, G. (1982). Molecular organization in the liq-
uid—crystalline phases of lecithin—sodium cholate-water systems
studied by nuclear magnetic resonance. Biochemistry., 21(7), 1553–60.

Vemuri, S., & Rhodes, C. T. (1995). Preparation and characterization of
liposomes as therapeutic delivery systems, a review. Pharm Acta
Helv., 70(2), 95–111.

Vinge, E., Andersson, K. E., Brandt, L., Ljunggren, B., Nilsson, L. G., &
Rosendal-Helgesen, S. (1986). Pharmacokinetics of nimodipine in
patients with aneurysmal subarachnoid haemorrhage. Eur. J. Clin.
Pharmacol., 30(4), 421–425.

Zhang, J. A., & Pawelchak, J. (2000). Effect of pH, ionic strength and
oxygen burden on the chemical stability of EPC/cholesterol lipo-
somes under accelerated conditions. Part 1, Lipid hydrolysis.
Euro. J. Phar. Biopharm., 50(3), 357–364.

Zhang, Q., & Jiang, X. (2005). Effects of intranasal administration of n
imodipine on cerebral hemodynamics of dogs. Acta Pharm. Sin.,
40(5), 466–469.

Zhang, Q., Jiang, X., Jiang, W., Lu, W., Su, L., & Shi, Z. (2004). Prepara-
tion of nimodipine-loaded microemulsion for intranasal delivery
and evaluation on the targeting efficiency to the brain. Int J
Pharm., 275(1–2), 85–96.

Zhang, Q., Yie, G., Li, Y., Yang, Q., & Nagai, T. (2000). Studies on the
cyclosporin A loaded stearic acid nanoparticles. Int J Pharm.,
200(2), 153–159.




