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Abstract 
Nimodipine (NMD) is a dihydropyridine calcium channel blocker useful for the prevention and treatment 

of delayed ischemic effects. It belongs to class Ⅱ drugs, which is characterized by low solubility and high 

permeability. This research aimed to prepare Nimodipine nanoparticles (NMD NPs) for the enhancement of 

solubility and dissolution rate. The formulation of nanoparticles was done by the solvent anti-solvent technique 

using either magnetic stirrer or bath sonicator for maintaining the motion of the antisolvent phase. Five different 

stabilizers were used to prepare NMD NPs( TPGS, Soluplus®, HPMC E5, PVP K90, and poloxamer 407). The 

selected formula F2, in which  Soluplus® has been utilized as a stabilizer, has a particle size (77 nm) and 

polydispersity index (PDI) (0.016). The formulas with the smallest particle size were freeze dried with the addition 

of 1 % w/w mannitol as cryoprotectant. The saturation solubility of NMD in the prepared nanoparticles was 

increased twenty four-folds, and the complete dissolution was achieved at 90 minutes compared with pure NMD, 

which reaches only 6%. The formation of hydrogen bonding between NMD and the polymer or the cryoprotectant, 

as confirmed by the FTIR study. In conclusion, the preparation of NMD as polymeric nanoparticles is a useful 

technique for enhancing the solubility and dissolution rate. 
Keywords: Nimodipine nanoparticles, Solvent antisolvent precipitation, Solubility enhancement. 

 
 تصييغ وتقييم الجسيمات النانوية لعقار النيمودبين لتحسين الذوبانية

 **موفق محمد غريب  و 1*، سىالحاج عيوهاب  اريج

 فرع  الصيدلانيات ،كلية الصيدلة ، جامعة النهرين ، بغداد ، العراق . *
 . بغداد،العراق بغداد، جامعة الصيدلة، كلية ، الصيدلانيات فرع**

 الخلاصة 
 النيمودبين هو ديهيدروبيريدين مغلق قناة الكالسيوم مفيد للوقاية والعلاج من الآثار الإقفارية المتأخرة في الدماغ . 

ديبينية وية النيموهو ينتمي إلى عقاقير من النوع الثاني التي  تتميز بانخفاض قابلية الذوبان ونفاذية عالية. يهدف هذا البحث إلى إعداد الجسيمات النان

ان المغناطيسي لتعزيز الذوبانية ومعدل الذوبان. تم تكوين الجسيمات النانوية باستخدام تقنية الترسيب للمذيب ومضاد المذيب باستخدام إما جهاز الدور

ت النانوية وتتضمن هذه أوالحمام المائي ذو الموجات الصوتية للحفاظ على حركة الطور المضاد. تم استخدام خمسة مثبتات مختلفة لأعداد الجسيما

 المثبتات 

.( TPGS, Soluplus®, HPMC E5, PVP K90, and poloxamer 407) 

اظهرت النتائج ان سوليوبلس هو الافضل بتقليل حجم الجسيمات حيث كانت افضل صيغة وهي )الصيغة الثانية( لها حجم 

تم تحقيق الذوبان الكامل بعد تسعين دقيقة للجسيمات النانوية بينما النيمودبين نانوميتر( . ازدادت الذوبانية بمقدار اربع وعشرين مرة و ۷۷جسيمي )

% فقط خلال هذه المدة. كما اظهرت النتائج بالاشعة تحت الحمراء تكوين الاواصر الهيدروجينية بين النيمودبين والبوليمر وبذلك  6الخام قد وصل الى 

 من ذوبانية ومعدل ذوبان النيمودبين.يمكن ان نستنتج ان الجسيمات النانوية قد حسنت 
 الكلمات المفتاحية : الجسيمات النانوية للنيمودبين ، تقنية الترسيب بالمذيب ومضاد المذيب ، تحسين الذوبانية .

Introduction 
Many new pharmaceutical entities, 

approximately 40 % of them, are lipophilic 

compounds which have low water solubility and 

raise a clinical issue regarding their dissolution and 

absorption from their administration sites(1). 

The solubility of drugs in aqueous media is 

an essential consideration to be dealt with early in 

the drug discovery  process ,   and several 

formulation strategies have been proposed to 

enhance the solubility, such as complexation, pH 

adjustment, and using co-solvents(2). 

 

Nanoparticles (NPs) are solid colloidal particles that 

usually lie in the 100 nm size range(3). They exhibit 

many advantages of better stability, tremendous 

enhancement in solubility and dissolution rate of 

poorly soluble drugs, high drug loading, targeting 

different organs and tissues, and they can be 

incorporated in various dosage forms(4). 
Nanoparticles can be prepared from liquid 

nanosuspension (NS) after drying by a suitable 

method like spray drying, vacuum drying, and the 

most widely used freeze-drying. 
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The transformation of liquid NS into solid 

NPs may provoke stressful conditions on the 

prepared NPs. It may cause aggregation and 

agglomeration into larger particles and lose its 

unique property of nano range particle size. Freeze-

drying is the process of removing water by 

sublimation and desorption under a high vacuum. It 

is better to mention that the solidification process is 

dependent mainly on the surface hydrophobicity and 

cohesive energy of the drug to produce a stable, dried 

NS.  A cryoprotectant may be added to preserve the 

dispersibility of a NS(6). 

NMD is a dihydropyridine calcium channel 

blocker useful for the prevention and treatment of 

delayed ischemic effects due to cerebral vasospasm 

and subarachnoid hemorrhage(7). It has a low 

bioavailability of around  13 % because of its low 

water solubility (4.14 µg/ml) and extensive first-pass 

metabolism. It belongs to class Ⅱ drugs ( low 

solubility and high permeability) in the 

Biopharmaceutical Classification System(8).  Many 

attempts have been applied to enhance its 

bioavailability like solid dispersion(9)(10), 

cyclodextrin complexation(11), and nanotechnology 

approaches like nanoemulsion(12)(13), solid lipid 

nanoparticles(14), nanoliposomes(15), and 

nanocrystals(16). 

NMD is chemically described as (3-(2-

methoxyethyl) 5-propan-2-yl 2,6-dimethyl-4-(3-

nitrophenyl)-1,4-dihydropyridine-3,5-

dicarboxylate) . Its chemical structure is shown in 

figure (1). 

 
Figure 1. The chemical structure of Nimodipine 

 

NMD is a yellow crystalline powder with a 

melting point of 125℃, pKa 5.4, and a partition 

coefficient (log p)  3.05. It has a molecular formula 

and weight of C21H26N2O7 and  418.4 gm/mol, 

respectively(8). 

This research aims to enhance the 

solubility and dissolution rate of the poorly water 

soluble drug Nimodipine. 

Materials 

Nimodipine pure powder, tocopheryl 

polyethylene glycol succinate (TPGS) poloxamer 

407 ( PXM 407), Hydroxypropyl methylcellulose ( 

HPMC E5) and  Polyvinyl povidone (PVP K90) 

were purchased from Hyperchem, China. Soluplus® 

was bought from Basf, Germany. Brij-35 was 

obtained from Himedia, India. Disodium hydrogen 

phosphate (Na2HPO4) and (Potassium dihydrogen 

phosphate (KH2PO4)were bought from Thomas 

baker, India. Sodium chloride (NaCl) was purchased 

from LAD, India. Hydrochloric acid (HCl) was 

obtained from  Chem limited, India.  Dialysis 

membrane; MWCO 12000 -14000 Da was 

puechased from  (USA), ethanol was brought from 

Chemlab, Belgium. Mannitol was obtained from  

England. 

Method 

Preparation of nimodipine nanoparticles 

Nimodipine NPs were prepared by a 

solvent – antisolvent precipitation method 

(nanoprecipitation method). This method involves 

dissolving 30 mg of NMD in 3 ml ethanol ( solvent 

) and allowed to be added dropwise using syringe 

pump as shown in figure(2 ) at a speed of 1 ml/min 

into a beaker containing 27 ml distilled water 

(antisolvent in presence of (60 mg) of the following 

stabilizers ( TPGS, Soluplus, HPMC E5, PVP K90, 

poloxamer 407) and this process was done using 

either magnetic stirrer at a speed of 300 rpm or bath 

sonicator(17). Precipitation of solid nanoparticles 

occurred immediately. The resultant nanosuspension 

is left for one hour under magnetic stirrer to allow 

the organic solvent to evaporate. Nanosuspensions 

with the smallest particle size were lyophilized using 

Labconco freeze dryer (USA) after the addition of 

1% w/w mannitol as a cryoprotectant to obtain the 

nanoparticle powder(18). 

 

 
 

Figure 2. Preparation of Nimodipine 

nanoparticles using a syringe pump 

 

The composition and the variables of the prepared 

NMD NPs are listed in the table(1) 
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Table 1.The Composition of The prepared NMD Nanoparticles. 
 

Formula name Polymer name NMD: polymer 

ration 

Magnetic stirrer Bath sonicator 

F1 TPGS 1:2 300 rpm - 

F2 Soluplus® 1:2 300 rpm - 

F3 PXM 407 1:2 300 rpm - 

F4 HPMC E5 1:2 300 rpm - 

F5 PVP K90 1:2 300 rpm - 

F6 TPGS 1:2 - 3 minutes 

F7 Soluplus® 1:2 - 3 minutes 

F8 PXM 407 1:2 - 3 minutes 

F9 HPMC E5 1:2 - 3 minutes 

F10 PVP K90 1:2 - 3 minutes 

 

Measurement of the particle size and 

polydispersity index of nimodipine 

nanosuspension 

Samples of all prepared nanoparticles were 

analyzed using ABT-9000 nanolaser particle size 

analyzer, the average particle size and polydispersity 

index (PDI) for each sample were recorded(19). 

Characterization of the lyophilized powder 

Determination of drug content in the lyophilized 

powder  

For the determination of NMD content in 

the dried nanoparticles, 18 mg (which is equivalent 

to 3 mg of NMD) of the lyophilized powder for the 

accepted smallest particle size formula was allowed 

to dissolve in 100 ml ethanol in a dry volumetric 

flask and sonicated for 10 minutes, then 2 ml of this 

solution were taken and diluted with ethanol twenty 

five times. The solution filtered, and the absorbance 

was measured using a UV-visible spectrophotometer 

at a λmax (236.8 nm).(20). 

The experiment was performed in triplicate, 

and the average value was calculated. The 

percentage of drug content was calculated according 

to the following equation: 

%Drug content = (Actual drug content)/ (Theoretical 

drug content) x100…. Eq (1). 
 

Measurement of the particle size and 

polydispersity index after drying 

The particle size of the dried powder was 

done by dispersing an equivalent amount to 10 mg of 

NMD as dried nanoparticles in 9 ml distilled water 

then sonicated for two minutes. This procedure was 

done so that the concentration of the drug in the 

redispersed suspension is the same as the 

concentration of the drug in the nanosuspension 

before lyophilization. The particle size and PDI were 

measured using the ABT-9000 nanolaser particle 

size analyzer, and the results were recorded(21) 
 

In vitro dissolution of the prepared nanoparticles 

in vitro dissolution was done for the 

prepared NMD nanoparticles with the smallest 

particle size and pure NMD. It was performed using 

dissolution apparatus 2 (paddle type) containing  

Simulated Salivary Fluid (SSF) with  0.5% Brij-35 

(to maintain sink condition) as a dissolution media, 

the rotation speed was 75 rpm, and the temperature 

was 37°C±0.5. The dissolution was done by placing 

an NMD NPs equivalent to 30 mg and 30 mg pure 

NMD separately  in a dialysis membrane with a 

molecular weight cutoff of 12000-14000 dalton. 5 

mL samples were withdrawn for analysis and 

substituted with an equal volume of fresh media to 

maintain constant volume for 120 min. The samples 

were filtered using 0.45 μm and analyzed using UV-

spectrophotometer at λmax (238 nm). The 

experiments were performed in triplicate, and the 

average value was calculated. The accumulative 

percentage of drug dissolved was calculated and 

drawn against time (22). 

For the statistical analysis of the dissolution 

study for the pure NMD and NMD NPs, the 

similarity factor f2 was employed. The pure NMD 

was considered to be the reference, while the NPs 

were supposed to be the test. The release profiles are 

considered to be similar when the value of  f2 is 

between 50 and 100 

f2 can be calculated from equation 2 

𝑓2 = 50 × log⁡{[1 + (
1

𝑛
)∑  𝑛

𝑡=1 𝑤𝑡(𝑅𝑡 − 𝑇𝑡)
2]

−0.5

×

100}   (2) 

Where; 

Rt, Tt is the percentage of the drug dissolved of the 

reference and test profile, respectively, at time t; n 

is the number of sampling (23). 

Screening of pure Nimodipine and Nimodipine 

nanoparticles saturation solubility 

Saturation solubility of pure NMD and  

NMD NPs was measured in 0.1 N HCl ( pH 1.2) 

and SSF ( pH 6.8 ) in a shaking water bath at a 

temperature of 37±0.5 ˚C for 48 hrs. Their 

solubility was also screened in distilled water at a 

temperature of a 25±0.5 ˚C for 48 hrs. Then each 

sample was filtered, and its absorbance was 

measured at  λmax (238 nm). 
 

Fourier Transform Infrared (FTIR) Spectroscopy 
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The Fourier transform infrared 

spectroscopy (FTIR) spectra were obtained using 

FTIR Shimadzu 8300 Japan. Samples of pure NMD, 

Soluplus®, mannitol, and NMD NPs of the selected 

formula were compressed with potassium bromide. 

The spectrum obtained was between the 

wavenumber of 4000-400 cm-1(24). 

Results and Discussion 
Evaluation of the prepared Nimodipine 

nanosuspension 

Analysis of  particle size and polydispersity index 

All the samples of NMD NS were analyzed 

by the ABT-9000 nanolaser particle size analyzer, 

and the particle size distribution of all formulas was 

recorded, as shown in table (2). 

PDI is an essential means to evaluate the 

particle size distribution within the sample. It is 

crucial in determining the uniformity of particle size, 

which is valuable in the stability of a 

nanosuspension. Monodisperse samples have lower 

PDI values than the polydisperse samples. 

PDI values in the range of (0-0.05) are 

considered to be (monodisperse standard), (0.05-

0.08) is (nearly monodisperse),   (0.08 -0.7) is (mid-

range polydispersity) and more than0.7 is (very 

polydisperse)(25). 

Table 2. The Particle Size and PDI of the 

Prepared Nimodipine NPs 
 

Formula 

name 

Particle size 

(nm) 

PDI 

F1 555± 25 0.008±0.0005 

F2 77± 9 0.016±0.002 

F3 1070 ± 10 0.003±0.001 

F4 702 ± 4.9 0.008±0.0005 

F5 872 ± 20 0.015±0.005 

F6 367±15.6 0.021±0.01 

F7 32.9±18.2 0.3±0.1 

F8 305.3±5 0.006±0.001 

F9 603±50.6 0.002±0.0005 

F10 755±15 0.006±0.0005 

 

The effect of polymer type on the particle size and 

PDI 

Five different stabilizers (TPGS, 

Soluplus®, PXM 407, HPMC E5, and PVP K90) 

were used to give the formulas (F1-F5) ,which were 

prepared by using magnetic stirrer as shown in 

figure (3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The effect of polymer type on the 

particle size of the prepared NMD NPs by 

magnetic stirrer 

 

The smallest particle size was obtained 

when using Soluplus® as a stabilizer (F2 77 

nm).Soluplus® is a graft copolymer with 

amphiphilic properties. The hydrophilic part is 

represented by the polyethylene glycol backbone and 

the hydrophobic part by vinyl caprolactam/ vinyl 

acetate side chain. This amphipathic nature makes it 

an excellent surface-active and wetting agent that 

reduces the interfacial tension between the 

hydrophobic surface of NMD particles and the 

aqueous antisolvent. Soluplus® allows the surface- 

water interaction and maintains the small particle 

size of the prepared NS(26). 

The other four polymers show a fair particle 

size reduction (555- 1070 nm). TPGS is a water-

soluble analog of vitamin E; it can stabilize the NS 

by hydrophobic ( Vander Waals) interaction between 

the particles(27). While PXM 407 is a hydrophilic 

nonionic surfactant, and it has been widely used as a 

coating agent for the NPs. HPMC E5 and PVP K90 

stabilize the newly formed NMD NPs by a steric 

mechanism that prevents the freshly formed NPs 

from aggregation and particle growth(28). 

This variation in particle size was due to the 

efficiency of these different stabilizers to envelop 

and stabilize the newly formed NMD NPs. 

PDI of all these five formulas was in the range of 

(0.003-0.016), which indicates that NMD 

nanoparticles are monodispersed standard. 
 

The effect of  using a bath sonicator on particle 

size and PDI  

Formulas F6-F10 were prepared to evaluate 

the effect of using bath sonicator instead of magnetic 

stirrer on the particle size and PDI of the prepared 

NMD NPs as shown in figure (4). 
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Figure 4. The effect of using Bath sonicator 

instead of Magnetic stirrer on the  particle size of 

the prepared NMD NPs 

The particle size of all formulas prepared by 

this method was significantly (p<0.05) decreased as 

compared with formulas prepared using a magnetic 

stirrer and the smallest particle size was obtained by 

F7 (32.9 nm) in which Soluplus® was used as a 

stabilizer . The formation of the nanoparticles under 

the influence of ultrasonic waves is influenced by the 

higher energy and rapid miscibility of the organic 

solvent (ethanol) and the aqueous antisolvent, which 

increases the polarity of ethanol and reduce the 

solubility of NMD hence the rapid nucleation of 

NPs. 

Also, the sonication process produces high 

energy, high temperature, and shock waves, which 

inhibits the growth of newly formed 

nanoparticles(29). 

PDI of the formulas prepared by this 

method was in the range (0.02-0.006), which 

indicates that these formulas were in the limit of 

monodispersed standards except for the F6 in which 

Soluplus® is the stabilizer; PDI is 0.3 which show 

mid-range polydispersity of the prepared NPs which 

is not useful to maintain the stability of the prepared 

NS. 

From the results presented in this study, it 

appears that Soluplus® is the better stabilizer and the 

preferred one for reducing the particle size of the 

prepared NPs. 

Characterization of the lyophilized NMD 

nanoparticles 

Determination of drug content in the lyophilized 

powder 

The NMD content of the lyophilized 

powder for F2 was found to be equal to (102.25±12) 

% and for F7 is  (92.15±10.32) % .The percentage of 

drug content was ranged from (92-102)%, which is 

an indication of the excellent and applicable way for 

loading the NMD into the prepared nanoparticles. 

Particle size and PDI after lyophilization 

The particle size of the lyophilized powder 

was measured using the ABT-9000 nanolaser 

particle size analyzer, and the results are shown in 

table(3), along with PDI. 
 

Table 3.The Particle Size and PDI of NMD NPs 

After Lyophilization. 
 

Formula 

name 

Particle size PDI 

F2 45±32 0.04±0.04 

F7 327±190 0.024±0.007 

 

The particle size after lyophilization varies 

considerably because the drying process has a 

profound effect on the aggregation of the NPs. This 

aggregation is affected substantially by the process 

parameters as the freezing rate, freezing temperature, 

and the presence of cryoprotectant(30). 

The particle size of F7 increased from 33 

nm to 327 nm after drying, as illustrated in figure(5). 

This increment may be due to the relatively high PDI 

value ( 0.3) of the liquid nanosuspension, which 

indicates the presence of larger particles, and upon 

drying, these particles aggregate and increased the 

overall particle size distribution. 

On the other hand, the particle size of the 

formula F2 after drying was close to its original PS, 

which indicates minimal aggregation of the prepared 

NMD NPs during lyophilization. 

 

 
 

Figure 5. The particle size of the prepared NMD 

NPs before and after lyophilization 
 

In vitro dissolution of NMD nanoparticles 
In vitro dissolution study was done to the 

formulas  (F2, F7) after lyophilization and NMD 

pure powder using a dialysis membrane with a 

molecular weight cutoff 12000-14000 dalton. The 

study was done in a dissolution apparatus type Ⅱ ( 

paddle type ) at a 75 rpm, and the temperature was 

adjusted at 37±0.5 ℃. The media was simulated 

salivary fluid (SSF) ( pH 6.8) containing 0.5 % Brij-

35. The results of the dissolution profile of the dried 

NMD NPs and pure NMD are shown in figure(6). 
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Figure 6. The dissolution profile of the prepared 

NMD NPs and pure NMD in SSF containing 0.5 

% Brij-35. 

It was found the F2 (which composed of 30 

mg NMD, 60mg Soluplus and 90mg mannitol) 

reaches a complete dissolution after 90 minutes from 

the starting of the dissolution study, and it was the 

fastest formula compared with F7 and pure NMD. 

This formula has the smallest particle size; hence it 

has a faster dissolution rate according to Noyes -

Whitney equation because it has a higher surface 

area. 

 The values of f2 for the NMD NPs 

formulas were 7.1 and 11.44 for F2 and F7 

respectively. 

 

Screening the saturation solubility of pure 

Nimodipine and Nimodipine Nanoparticles 

The solubility of NMD and NMD NPs was 

done in D.W., 0.1 N HCl (pH 1.2), and SSF (pH 

6.8).The solubility of NMD was increased several 

folds, as illustrated in the table (4) and figure (7). 

 

Table 4, The Saturation Solubility of NMD Nanoparticles in  Different Dissolution Media 

Dissolution media pH Temperature 

℃ 

Saturated 

solubility of pure 

NMD 

(µg/ml) 

Saturated 

solubility of 

NMD NPs 

(µg/ml) 

Number of 

increment 

folds 

0.1 N HCl 1.2 37 ± 0.5 10.9 25.6 2.3 

SSF 6.8 37 ± 0.5 3.4 46.12 13.56 

Water 7-8 25 ± 0.5 4.14 100.7 24.3 

 

 

 

 

 

 

Figure 7. Solubility of pure NMD and NMD 

nanoparticles in different dissolution media 
 

 The enhanced solubility can be explained 

by Ostwald–Freundlich equation. The saturation 

solubility of NMD increases as the particle size 

reaches the nanoscale range. 

Another explanation for the solubility 

enhancement is due to disruption of the ideal 

structure of the drug microparticles into the 

nanoparticles. This disruption causes high energy of 

interfacial tension, which enhances the solubility of 

nanoparticles (31,32) 
 

Fourier Transform Infrared (FTIR) Spectroscopy 

FTIR spectra were obtained for pure NMD, 

Soluplus®, mannitol, and NMD NPs, as shown in 

figures (8,9,10 and 11  respectively). This study was 

done to evaluate the compatibility between the drug 

and the other excipients in the prepared NPs. 
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Figure 8. The FTIR spectrum of pure NMD 

 

 
Figure 9. FTIR spectrum of Soluplus® 
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Figure 10. FTIR spectrum of mannitol 

 

 
Figure 11. FTIR spectrum of NMD NPs 

 
The FTIR spectrum of NMD shows many 

main peaks about 3300 cm-1 due to N-H stretching, 

3226 cm-1  and 3095 cm-1 due to aromatic C-H 

stretching, 2981 cm-1  due to aliphatic C-H 

stretching, 1695 cm-1  due to C=O stretching in ester, 

1647 cm-1  due to N-H bending, 1523 cm-1  and 1494 

cm-1  due to C=C ring stretching and 1346 cm-1  due 

to C–C(=O)–O stretching of α,β-unsaturated ester. 

These peaks are in very close math to the reference 

peaks(33). 

The NMD NPs spectrum also showed the 

main peaks of Nimodipine ( circled in red). 

 N-H stretching and N-H bending have 

been broadened, and C=O stretching frequencies 

have been reduced in intensity, and this is mainly due 

to the formation of hydrogen bonds between the 
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hydroxyl group of Soluplus® and Nimodipine. It is 

well established that the bands could shift to a 

different wavelength with reduced intensity upon the 

formation of hydrogen bonding(34). 
Conclusion 

Nanoprecipitation method using a magnetic 

stirrer or bath sonicator is an efficient way for the 

formation of NMD NPs to enhance the saturation 

solubility and dissolution rate of poorly water-

soluble Nimodipine. 
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