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Abstract 

The purpose of this study was to develop an alternative, improved and better tolerated formulation
and investigate the pharmacokinetic profile of the new formulation of nimodipine (NM) compared
with nimodipine ethanol solutions. Lipid microspheres (LMs) prepared using lecithin and vegetable
oils have attracted a lot of interest owing to their versatile properties, such as non-immunogenicity,
being easily biodegradable and exhibiting high entrapment efficiency. NM incorporated in LMs
could reduce irritation by avoiding the use of ethanol as a solubilizer. The solubility of NM was also
increased by dissolving it in the oil phase. The particle size distribution, zeta potential, entrapment
efficacy and assay of the NM-loaded LMs were found to be 188.2 ± 5.4 nm, −31.6 mV, 94.2% and
1.04 mgmL−1, respectively. The preparation was stable for 1 year at 4–10°C. The formulation and
some physicochemical properties of NM-loaded LMs were investigated. The pharmacokinetic and
biodistribution studies were performed in rats at a dose of 1.2 mgkg−1. From the observed data,
there is no obvious retention of NM-loaded LMs in plasma. Moreover, incorporation of NM in LMs
did not alter the tissue distribution significantly except for the relatively greater drug accumulation
in the liver and spleen. The stimulation studies demonstrate that LMs of NM reduce irritation mark-
edly compared with NM solutions. These results suggest that the LM system is a promising option to
replace NM ethanol solutions as an intravenous treatment. 

Vasospasm of the cerebral arteries due to subarachnoid haemorrhage (SAH) is a major
source of delayed ischaemic deficits in patients with ruptured aneurysms, which are still
responsible for considerable morbidity and mortality in patients (Mayberg 1998). The
mechanisms responsible for delayed vasospasm following SAH are unclear and therefore
remain the focus of several animal studies (Dreier et al 2002). Nimodipine (NM) is pres-
ently the only available therapy that has been proven to reduce the morbidity and mortality
associated with delayed ischaemic deficits in patients with SAH-related vasospasm (Dorsch
2002). 

NM (isopropyl-2-methoxyethyl-1,4-dihydro-2,6-dimethyl-4-(3-nitro-phenyl)-3,5-pyrid-
ine dicarboxylate) is a dihydropyridine calcium channel blocker with therapeutic effects for
cerebrovascular spasm, stroke and migraine (Gelmers 1985; Langley & Sorkin 1989). How-
ever, the clinical usefulness of NM is limited by its high first-pass effect in liver, which
leads to low oral bioavailability (Muck et al 1996; Blardi et al 2002) and poor brain penetra-
tion. Intravenous nimodipine administration is an alternative to oral administration that pro-
vides greater bioavailability than oral dosing. Nevertheless, NM ethanol injections may lead
to local adverse reactions, such as pain and inflammation at the administration site. There is
therefore a need for alternative routes of administration to improve therapeutic effects and
reduce irritation. 

Lipid microspheres (LMs) are colloidal particles of vegetable oils and lecithin with an
average diameter of 200 nm, which are initially used to supply calories to patients unable to
obtain adequate nourishment normally. They have no particular adverse effects, even at
dose levels of 500 mL. Their usefulness as carriers stems from their ability to incorporate
drugs with poor water solubility within the dispersal phase (Müller et al 2004). Thus, direct
contact of the drug with body fluids and tissues can be avoided and the drug is released slowly
over a prolonged period of time, which may markedly reduce side-effects (Bock & Müller
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1994). The incorporation of a drug in LMs can also enhance
its activity and bioavailability. Prostaglandin E1, dexametha-
sone palmitate and flurbiprofen axetil are available as LM
pharmaceuticals on the market. As NM is a poorly water-sol-
uble drug, LMs would be a good carrier. The NM-loaded
LMs were prepared by dissolving NM in the oil phase in
order to increase its solubility and reduce local adverse reac-
tions. Stimulation was greatly reduced by NM-loaded LMs.
LMs of NM are therefore a good substitute for intravenous
NM ethanol solutions to prevent and treat the neurological
defects secondary to cerebral vascular spasm caused by sub-
arachoid haemorrhage. LMs themselves are very stable and
can be stored for up to 1 year at room temperature. However,
incorporating drugs into LMs can result in an interaction with
the emulsifier film, leading to break down of the LMs. Based
on this background, the objective of this study was to search
for a stable formula using different excipients for parenteral
use. The irritation test and pharmacokinetic study were also
performed to evaluate the NM-loaded LMs. 

Materials 

NM was purchased from the Tianjin Zhongyang Pharmaceu-
tical Factory, China. NM solution (0.2 mgmL−1) was pre-
pared using 23.7% ethanol and 17% PEG 400. Nitrendipine
was obtained from the Sandong Xinhua Pharmaceutical Fac-
tory, China. Lipoid E80 was purchased from the Germany
Lipoid Company. All other chemicals and reagents were of
analytical or chromatographic grade. 

Solubility of NM in water of different pH 
and oils 

Excess NM was added to centrifuge tubes containing 2mL of
different solvents and the mixtures were equilibrated in a HZQ-C
air bath agitator at 37°C for 48h. After centrifugation at
4000rpm for 10min, the supernatant was determined by HPLC. 

Preparation of NM-loaded LMs 

Lipoid E-80 and NM were dispersed in an oil phase and an
aqueous phase consisting of Tween-80, glycerol and sodium
oleate. Then, with continuous stirring, the oil phase was
slowly added to the aqueous phase at 75°C. This mixture was
pre-emulsified using a high-shear mixer (FJ-200, Shanghai
Model Factory) at 8000 rpm for 5 min. Finally LMs were
obtained by passing the coarse solution through a Niro Soavi
NS10012k high-pressure homogenizer (Italy). Next, the pH
of the LMs was adjusted to about 8 using 0.1 M hydrochloric
acid. Finally, the LMs in the ampoule were sterilized on a
water bath at 100°C for 30min (Yokoyama & Watanabe 1996). 

Determination of entrapment efficiency of LMs 

Centrifugation of LMs was carried out on a Hitachi ultra-
centrifuge at 50 000 rpm for 2 h at a temperature of 10°C. The
amount of NM in the aqueous phase and LMs was

estimated using HPLC. The separation was performed on a
4.6 mm × 200 mm, C18 analytical column (Diamonsil) at
room temperature. The mobile phase was 75% methanol/25%
purified water (v/v) at a flow rate of 1 mL min−1 and the
detection wavelength was 237 nm (Meng et al 2002). 

Dilution stability of LMs 

The stability of LMs in two diluting fluids was studied using
a reported method (Collins-Gold et al 1990). Briefly, LMs
were dispersed in 0.9% NaCl and 5.4% glucose and their par-
ticle size distribution, z-potential and entrapment efficiency
were determined after 0.5, 1, 2, 4, 8 and 12 h. The mean
particle size and z-potential of the LMs were measured by a
z-potential/particle sizer NICOMP 380ZLS (Santa Barbara,
USA). 

Rat paw lick test 

In this test, a group of 10 Wistar rats weighing approximately
100 g received a subplantar injection of 0.1 mL NM-loaded
LMs and ethanol injection (positive control) into the footpad
of their right hind paw. Thereafter, the number of times the
animals licked the paw as well as the total time the paw was
licked for were monitored over a period of 15 min (Celozzi
et al 1980; Lovell 1994). 

Rabbit ear vein test 

In this test groups of six rabbits weighing 2.0–2.4 kg received
an infusion of NM-loaded LMs, NM ethanol solution (posit-
ive control) and an equivalent volume of 5% glucose solution
(negative control) into their marginal ear vein. The rate of
infusion was maintained at 18 drops min−1 and the drug was
given on four consecutive days at a dose of 2 mgkg−1day−1.
Following infusion, visual observations of the vascular reac-
tion were made every day. Forty-eight hours after the last
administration, three rabbits from each group were killed and
a piece of vascular tissue at the site of injection was removed
for histopathological examination. Other rabbits were kept
under observation for 1 week. 

Pharmacokinetic and tissue distribution studies 

A comparative pharmacokinetic study was performed with
NM ethanol solutions and NM-loaded LMs (Srinath & Diwan
1998). Male Wistar rats weighing 200 ± 10 g were divided
into two groups with six animals in each group. The dosage
of NM ethanol solution for humans is 0.2–0.8 mgkg−1day−1

and the dosage for rats was calculated using a skin surface
area conversion table. Considering the injecting volume, a
dose of 1.2 mgkg−1 via the femoral vein was selected. At pre-
determined time points (5 min, 15 min, 0.5 h, 1 h, 1.5 h, 2 h,
4 h, 6 h, 8 h, 12 h and 24 h), rats were anaesthetized by ether
and 0.5 mL blood samples were collected by retro-orbital
puncture and centrifuged immediately at 6000 rpm for 10 min
to obtain plasma. In the tissue distribution study, six rats from
each group were killed by decapitating at predetermined time
points (0.5 h, 2 h, 6 h, 12 h and 24 h) and various tissues were
removed. 

Materials and Methods 
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To 200 mL plasma samples, 50 mL nitrendipine methanol
solution (3 mgmL−1) was added as the internal standard and
extracted with 2 mL extraction solvent (N-hexane/chloro-
form/isopropanol 57:38:5) by vortexing for 5 min. After cen-
trifugation at 4000 rpm for 10 min, the supernatant was
transferred to a conical tube. The separated organic phases
were then evaporated to dryness under a gentle stream of
nitrogen at 40°C. The residue was reconstituted in 100 mL
methanol and then 20 mL was injected onto an HPLC system.
Tissues were homogenized by adding a two-fold amount of
sodium chloride per 0.5 g tissue and tissue homogenates were
processed similarly to plasma samples. 

As NM is sensitive to light-induced degradation, all opera-
tions except data evaluation were carried out protected from
light (Muck & Bode 1994). 

The experimental procedures were in compliance with the
National Institutes of Health Guide for Care and Use of Labo-
ratory Animals. 

Statistical analysis 

The effect of pH on solubility and the effect of oil type on
drug solubility were statistically examined using a one-way
ANOVA. Statistical analysis of the effect of time and diluent
type on particle size and time was determined using the
paired-samples t-test. The effect of formulation type on the
number of animals licking was analysed using Fischer’s exact
test. The effect of formulation type on various pharmacoki-
netic parameters, average number of times each rat licked and
average total licking time was determined using the Mann–
Whitney U-test. The pharmacokinetic and tissue distribution
results were analysed statistically using Student’s independ-
ent samples t-test. A significance level of P < 0.05 denoted
significance in all cases. All data were analysed using SPSS
statistical software. 

The blood concentration–time curve was analysed initially
with the Pharmacokinetics Program 3p87 edited by the Math-
ematics Pharmacological Committee, Chinese Academy of
Pharmacology, which determined the most appropriate phar-
macokinetic model to describe the experimental data. The
model was selected on the basis of the residual sum of
squares and the minimum Akaike’s information criterion
value. The area under the curve of concentration vs time
(AUC) from zero to the last time point was calculated by the
log-linear trapezoidal method. The mean residence time
(MRT), serum clearance (Cl), the volume of distribution (Vc)
and the elimination rate constant (Ke) of the drug were
obtained by a non-compartment analysis based on the statistic
moment theory. 

LM composition 

The basic formulation refers to the intralipid on sale, which
consisted of oil phase 10 g, emulsifier (e.g. lecithin) 1.2 g,
sodium oleate 0.03 g, glycerol 2.25 g and double-distilled
water to 100.0 mL. To optimize the formula of the LMs, an L9
(34) orthogonal design experiment was conducted as part of

the study with the factors of egg lecithin, oil phase 10%
(soybean oil/medium chain fatty acid) and Tween-80. To
comply with the requirements for LMs, the appearance, parti-
cle size distribution and stability should be taken into consid-
eration by evaluating the formula. The solubilities of NM in
water were 1.58, 2.06, 2.68, 3.04, 2.97 and 3.08, with pHs of
2, 4, 6, 7, 10 and 12. NM is nearly insoluble in water of dif-
ferent pHs whereas the solubilities were 5.98, 37.6, 7.13 and
14.5 in soybean oil, medium chain fatty acid, arachis oil and
coconut oil, respectively. The solubility in water of a different
pH was not statistically significantly different (P > 0.05), but
significant differences were shown in different oils (P < 0.05).
Mixing soybean oil with medium chain fatty acid (MCT) led
to a decrease in the viscosity of soybean oil (Jumaa & Müller
2001), the particle size distribution and, simultaneously, to an
increase in the drug solubility and entrapment efficiency.
However, the stability may be reduced by the addition of too
much MCT because of the formation of free oil droplets. A
1:1 mixture of soybean oil/MCT seemed to be the optimal
mixture. Under an optical microscope, drug crystals could be
seen when insufficient egg lecithin was used as the main
emulsifier. However, if there was too much egg lecithin,
small particles would be formed by the remaining lecithin and
the particle size would exhibit a bimodal distribution. Tween-
80 as a co-emulsifier was found to increase LM stability,
probably because of the formation of a complex interfacial
film between Tween-80 and the phospholipid molecules at
the oil–water interface. However, the toxicity should also be
taken into consideration (Sznitowka et al 2001). Different
amounts of NM, from 0.02 to 0.2%, were dispersed in the oil
phase in order to investigate the load capacity of the LMs.
The drug load capacity experiment showed that the LMs were
unstable at 0.2% because of the precipitation of the drug crys-
tal. According to the conventional dosage of NM, the LMs
should be diluted prior to administration. A high concentra-
tion of NM must be diluted in a large amount of medium,
leading to a decrease in the entrapment efficiency. From the
dilution experiment, the concentration of the drug-loaded
LMs should not exceed 0.1% in order to satisfy the demand
of entrapment efficiency. The optimal formula based on the
experimental data was NM 0.1%, oil phase 10% (soybean oil/
MCT 5:5), Tween-80 0.1%, egg lethicin 1.2%, glycerol
2.25%, sodium oleate 0.03% and water to total 100 mL. 

Emulsification procedure 

The efficiency of the emulsification process was recorded by
measuring the mean droplet diameter (Jumaa & Müller 1998;
Trotta et al 2002). The results demonstrate a decrease in parti-
cle size on increasing the number of cycles initially; however,
after the sixth cycle the particle size did not significantly
decrease, and the standard deviation increased markedly after
the 10th cycle. Repeating the processing or cycling resulted
in a decrease in average particle size and a narrowing of the
particle size distribution, after which the mean particle size
and standard deviation both increased as the process contin-
ued. The homogenization pressure also affected the particle
size of the LMs. The particle size decreased on increasing the
pressure, but too high pressure led to an increase in the
standard deviation. This observation is in agreement with a

Results and Discussion 
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report showing that the droplet size is a result of breakdown
and coalescence and that, for systems containing relatively
high percentages of oil, increasing the operational pressure
did not always lead to a reduction in the particle size
(Coulaloglou & Tavlarides 1997). The homogenization was
therefore best performed using 6 to 10 cycles at a pressure of
600–800 bar. 

Characterization of LMs 

Before sterilization, the particle size was a little larger com-
pared to that after sterilization. It was reported that steriliza-
tion was perhaps a re-emulsifying procedure that improved
the fluidity and decreased the particle size. However, the
absolute value of the z-potential decreased after sterilization.
Under the high temperature of sterilization, the lipid hydro-
lysed to a long-chain fatty acid and a new charged long-chain
acid radical formed to decrease the z-potential. The particle
size was 188.2 ± 5.4 nm and the z-potential was −31.6 mV.
The entrapment efficiency of NM was 94.2%, hence almost
all the NM was located in the oil phase. 

The average particle size and z-potential of the LMs were
not statistically significantly affected by diluting with 0.9%
NaCl and 5.4% glucose for up to 12 h (P > 0.05), but the
standard deviation of the particle size distribution increased,
suggesting the possibility of aggregation of the LMs. The par-
ticle size of the LMs after diluting with NaCl and glucose is
displayed in Table 1. The entrapment efficiency decreased
rapidly initially, probably because of the destruction of the
layer of emulsifier, which led to leakage of the drug. How-
ever, the leakage of drug decreased with time and about 80%
NM remained in the oil phase after 12 h. These results suggest
that the NM-loaded LMs can be safely diluted with 0.9%
NaCl or 5.4% glucose during the therapy. The properties of
LMs, such as pH, particle size and z-potential, did not change
significantly during storage. The long-term stability study
results show that LMs are stable for 1 year at 4–10°C. 

Rat paw lick test 

In order to assess the level of pain reduction due to drug
delivery in LMs, an animal model called the rat paw lick
test was used. The basis of this test is that the more painful
the formulation, the greater the number of animals that
perform paw licking. In addition, the number of times and
the total time an animal licks its paw also increases with
pain and/or irritation. Table 2 summarizes the data from
the rat paw lick study. When NM ethanol solution was
injected, all the animals licked their paws. Each rat licked
its paw about 12 times, which corresponds to a total lick-

ing time of about 35 s. However, when NM-loaded LMs
were administered by injection, only 60% of the animals
licked their paws and the number of times the rats licked
their paws was reduced to five. This, in turn, equated to a
total licking time of about 21 s. This test suggests that an
injection of LMs may be only 50% as painful as NM etha-
nol solutions. There were statistically significant differ-
ences in number of animals licking, the average number of
times each rat licked and the average total licking time
between the two formulations (P < 0.05). NM-loaded LMs
reduced irritation significantly compared to NM ethanol
solutions. 

Rabbit ear vein irritation test 

The rabbit ear vein irritation test was used to evaluate the
irritation of drug formulations following i.v. injection and
the results were compared with those of NM ethanol solu-
tions. There was no internal clot, angiorrhexis or inflam-
matory cell infiltrate, and endothelial tissue and the vessel
wall remained intact in all the experimental groups. The
histopathologic slide photos of rabbit ear-rim auricular
vein are displayed in Figure 1. From macroscopic observa-
tion, vascular engorgement and dropsy were seen at the
injection site. Furthermore, angiectasia and erythrocyte
aggregation were observed at or away from the site of
injection of NM ethanol solutions by light microscope.
However, these phenomena were not observed in 5% glu-
cose solution and LMs. Based on these observations, the
injection of LMs was assumed to be less irritating than the
NM solutions. 

In-vivo evaluation of NM-loaded LMs 

NM is highly lipophilic, which is the major reason for its
pharmacokinetic properties. The pharmacokinetic profile of
NM is best described by a two-compartment model, reflect-
ing a rapid distribution from blood into tissues, and rapid
metabolic clearance from blood (Zhang et al 2004). The linear
ranges of NM were 15–1500 and 5–1000 ngmL−1 and the
inter- and intra-day variations were less than 4 and 6% for
plasma and tissue samples, respectively. The relative recover-
ies of NM from plasma and tissue homogenates were more
than 90 and 80%, respectively. The organ concentration of
NM following administration of ethanol solutions and LMs is
shown in Table 3. 

Incorporation of NM into LMs enhanced the total
amount of drug accumulation in the liver and spleen. A
difference between the drug concentrations obtained with
these two formulations was evident after 2 h and then

Table 1 Change in particle size distribution of LMs after dilution with different solutions 

Values are reported as mean ± s.d., n = 3. P > 0.05. 

 0 0.5 h 1 h 2 h 4 h 8 h 12 h 

NaCl (nm) 178.6 ± 60.0 182 ± 63.3 183.5 ± 64.4 188.1 ± 60.4 189.5 ± 64.4 188 ± 65.4 195.9 ± 71.1 
Glucose (nm) 178.6 ± 60.0 178.9 ± 65.3 186.7 ± 61.1 187.9 ± 64.4 189.5 ± 59.1 190.4 ± 62.8 190.4 ± 60.5 
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gradually decreased. There was no statistically significant
difference in the concentration of the two formulations in
each organ. From the above biodistribution data it is evi-
dent that the sites of the highest accumulation of encapsu-
lated NM are the liver and spleen, confirming that its in-
vivo fate is similar to that of other colloidal drug delivery
systems (Junzo et al 2004). It may be assumed that the size
of the LMs is a critical factor in restricting the localization
of the drug in these organs. From the pharmacokinetic
study it was found that both formulations follow a two-
compartment model with a weighting factor of 1/c2. Figure
2 shows the plasma concentration–time profiles of NM
after intravenous administration of NM-loaded LMs and

NM ethanol solution. Pharmacokinetic parameters such as
AUC and distribution half-life (two-compartment model)
are displayed in Table 4. The overall plasma concentra-
tions of NM on administration of NM-loaded LMs were
slightly higher than those after the administration of NM
ethanol solution, but the observed differences in the con-
centration, T1/2 a, T1/2 b (h) and AUC0–t were not statisti-
cally significant between the two drug formulations
(P > 0.05). There was no significant retention of NM-
loaded LMs in plasma probably because NM is present not
only in the oil phase but also in the oil/water interfacial
film (Akkar & Müller 2003). The pharmacokinetics did not
change markedly when administration in the form of LMs
was compared with ethanol solutions. 

Conclusion 

In conclusion, the LM system consisting of 0.1% NM, 10%
oil phase (soybean oil/MCT 1:1), 1.2% lecithin, 0.1% Tween-
80, 2.25% glycerin, 0.03% sodium oleate and water is the
optimal formulation of NM-loaded LMs. This mixture is sta-
ble for 1 year at a temperature of 4–10°C. The solubility of
NM was increased by dissolving it in the oil phase and direct
contact of the drug with body fluids and tissues was avoided.
The pharmacokinetic studies revealed that encapsulated NM in
LMs did not significantly alter the pharmacokinetic parameters

Table 2 Results of rat paw lick test 

Values are reported as mean ± s.d., n = 10. P < 0.05. 

Formulation 
tested 

Number of 
animals 
licking 

Average number
of times each 
rat licked 

Average 
total 
licking time (s)

NM-loaded LMs 60% (6/10) 5 21 
NM ethanol 

solution
100% (10/10) 12 35 

A                             B 

C

Figure 1 The histopathologic slide photos of rabbit ear-rim auricular vein following the administration of different solutions: (A) 5% glucose solu-
tion; (B) NM-loaded LMs; (C) NM ethanol solution. 
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and tissue distribution except for the increased accumulation
of NM-loaded LMs in reticuloendothelial system-rich areas,
such as the liver and spleen. On the whole, incorporation of
NM in LMs reduced the adverse effect induced by the high
concentration of alcohol in the NM injection and was a good
alternative to NM injections. The animal tests used to assess
the potential of LMs in reducing pain suggested the possibil-
ity of a two- to three-fold pain reduction using LMs. In con-
clusion, the LM system is a promising approach for the
intravenous delivery of NM in order to achieve improved
therapeutic effects.
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Table 3 Tissue distribution of NM ethanol solution (ES) and LMs (ng 0.5 g−1) 
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Figure 2 The plasma concentration–time profiles of NM following the
administration of 1.2 mgmL−1 NM solutions and NM-loaded LMs to
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