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Abstract: Nanostructured lipid carriers (NLCs) are a recent approach for the delivery of poorly soluble drugs with low oral 

bioavailability. Nanostructured Lipid Carriers (NLCs) are mixture of solid lipids along with irreconcilable liquid lipids. The objective of 

the current study was to formulate and characterize Nifedipine loaded NLCs coated with Fenugreek Seed Polysaccharide for particle 

size, entrapment efficiency and in vitro drug release after 24h. NLCs of Nifedipine coated with Fenugreek Seed Polysaccharide were 

prepared by solvent injection method. A complete 23 factorial design was used for the evaluation of the prepared Nifedipine NLCs. The 

size and the morphology of the particles in suspension have been determined by electron microscopy studies and in vitro drug release 

studies by dialysis technique. Optimized formulation display 337nm average particle size and -52.4mV zeta potential that transmit good 

stability of NLCs dispersion. In vitro release study showed burst release for initial 0.5 h followed by sustained release up to 24h. SEM 

study confirmed smooth surface discrete spherical; nano-sized particles. These studies demonstrated that Nifedipine loaded NLCs 

coated with Fenugreek Seed Polysaccharide a promising method to improve the stability of NLCs. 
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1. Introduction 
 

The oral route is the most imperious route for administering 

varieties of drugs. It has been comprehensively used for both 

conventional and novel drug delivery systems. In recent 

decades, Lipid-based drug delivery systems are promising 

drug carriers due to their ability to improve solubility of 

poorly water-soluble drugs which eventually enhance the 

oral bioavailability [1].The first generation of lipid 

nanoparticle called solid lipid nanoparticles (SLNs), are 

composed of an aqueous dispersion nanoparticles with a 

solid lipid matrix that is stabilized by one or more of 

surfactant layer. However, SLNs has some limitations, such 

as drug loading insufficiency and drug expulsion during 

storage. Therefore, there is essentiality to create second 

generation of lipid nanoparticles, the nanostructured lipid 

carriers (NLCs). In contrast to SLNs, dispersions of NLCs 

are formed of a blend of solid lipid with liquid lipid, which 

provide a higher payload and prevent drug expulsion during 

storage
 

[2]. Higher drug loading is replanted to the 

differences in the chemical structure between liquid and 

solid lipids result in distortion of a perfect crystal and 

accommodation of drug in molecular form or in amorphous 

clusters
 
[3]. NLCs formulations offers advantages such as 

prolonged drug release, biocompatibility and easy of 

scaling-up its production
 
[4]. Many natural polymers, such 

as Fenugreek Seed Polysaccharides, Black Gram Seed 

Polysaccharide and Tamarind Seed Polysaccharide have 

been applied to improve the performance of lipid 

nanoparticle
 
[5,6]. In recent years, polymer-coated NLCs 

have been widely studied to optimize the performance of 

NLCs, including physical stability, entrapment efficiency 

and in vitro drug release of the drug
 
[7]. For the preparation 

of polymer-coated NLC, polymers could be added in the 

system before the formation of NLCs through the coating 

process
 

[8]. Fenugreek (Trigonella foenum graecum) is 

isolated from the ripe raw Fenugreek, used extensively as 

spice, herb, food and medicine
 

[9]. It includes active 

ingredient like galactomannan [10]. Fenugreek 

galactomannan is present within the seed endosperm. It has 

moisture retention property which prevents seed from drying
 

[11]. It is the important source of soluble dietary fiber (17–

50%) of dry seed weight
 
[12]. Due to the presence of high 

galactose content it shows more water solubility
 

[13]. 

Fenugreek is already established as gelling agent, binder, 

disintegrate, suspending agent, matrix-former and release-

retardant
 
[14]. The aim of the present study was to develop 

Nifedipine loaded Nanostructured Lipid Carriers coated with 

Fenugreek Seed Polysaccharide to improve the physical 

stability of NLCs. Nifedipine, a lipophilic substance, was 

used as a model to investigate the preparation process and 

releasing mechanism. Nifedipine loaded NLCs were 

incorporated in Fenugreek Seed Polysaccharide was 

investigated through the study of entrapment efficiency, 

physical stability study and in vitro release study to evaluate 

the efficacy of this incorporation. 

 

2. Materials and Methods 
 

2.1 Materials 
 

Glyceryl monosterate (GMS) and Nifedipine were 

purchased by Balaji Chemicals (Surat, India). Poloxamer 

188 was purchased from Crystal Chemicals (Gangtok, 

India). Oleic acid was purchased by Nice Laboratory 

Reagents, (Kochi, India). Fenugreek Seed Polysaccharide 

was purchased from Local market (Kaithal, India). 

 

2.2 Design of the experiment 

 

A complete 2
3
 factorial design was utilized to study the 

effect of three independent variables namely solid lipid, 

liquid lipid and polysaccharide on entrapment efficiency of 

drug in prepared formulations. Variables and levels used for 

optimization of Nifedipine loaded NLCs are shown in Table 

1. Based on pre-formulation studies Glyceryl monosterate 
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(GMS), Oleic acid and Fenugreek Seed Polysaccharide were 

selected as solid lipid, liquid lipid and Polysaccharide, 

respectively. 

 

Table 1: 2
3
 Factorial design for preparation of Nifedipine 

NLCs 

Factor 
Low 

level (-) 

High 

level (+) 

Amount of Oleic acid (Liquid lipid) 10mg 20mg 

Amount of GMS (Solid lipid) 100mg 200mg 

Amount of Fenugreek Seed Polysaccharide 40mg 50mg 

                

2.3 Preparation of Nifedipine loaded NLCs including 

Fenugreek Seed Polysaccharide 

 

Nifedipine loaded NLCs were prepared by the solvent 

injection technique. To prepare the inner phase Nifedipine, 

Glyceryl monosterate and Oleic acid were dissolved in 4ml 

of isopropyl alcohol and heated at 60°C. The resulting 

solution injected rapidly in 20ml of aqueous phase 

containing specified amount of poloxamer 188 and 

Fenugreek Seed Polysaccharide. Then, it was continuously 

stirred at 400 rpm for 30 min on a magnetic stirrer and then 

0.1 N HCL (8ml) was added to the dispersion. Thereafter, 

centrifugation was done at 3000 rpm for 30 min and 4% 

poloxamer 188 (by weight) in 10ml double distilled water 

was used to re-suspend the aggregates with stirring at 1000 

rpm for 10 min. The formed NLCs were filtered, washed 

with distilled water and dried at room temperature and 

stored [15,16]. An overview of the composition of the NLCs 

is outlined in Table 2. 

 

Table 2: Composition of the prepared Nifedipine NLCs 

dispersion 

Batch 

code 
Nifedipine 

Poloxamer 

188 

Glyceryl 

monosterate 

Fenugreek  

Seed 

Polysaccharide 

Oleic 

acid 

N1 30mg 40mg 100mg 40mg 10mg 

N2 30mg 40mg 100mg 40mg 20mg 

N3 30mg 40mg 200mg 40mg 10mg 

N4 30mg 40mg 200mg 40mg 20mg 

N5 30mg 40mg 100mg 50mg 10mg 

N6 30mg 40mg 100mg 50mg 20mg 

N7 30mg 40mg 200mg 50mg 10mg 

N8 30mg 40mg 200mg 50mg 20mg 

 

3. Characterization of Prepared 

Nanostructured lipid carriers (NLCs) 
 

3.1 Surface and shape analysis by Scanning Electron 

Microscopy 

 

The shape and surface characteristics of NLCs were 

analyzed by scanning electron microscopy (Meta-litesizer) 

operating at 10 kV. The samples were mounted on an 

aluminum stub with adhesive tape and excess samples were 

removed and coated with gold for 20 seconds. Metal stub 

was located in E-1010 Ion sputter for 20 minutes under 

vacuum. After 20 minutes samples were analyzed under 

scanning electron microscope [17,18]. 

  

 

 

 

3.2 Particle size and Zeta potential 

 

The particle size and zeta potential of optimize NLCs 

formulation N7 were measured by (Malvern Instruments) 

after suitable dilution with distilled water. Zeta potential is 

estimate of surface charge of dispersed particles in relation 

to dispersion medium. The experiment was executed using 

clear disposable zeta cell, water as dispersant which having 

refractive index (RI) -1.330 and viscosity (cps) -0.88 and the 

temperature was kept constant at 25°C[19,20]. 

 

3.3 Drug Entrapment Efficiency 

 

Entrapment efficiency of the formulation was determined by 

diluting the formulation with 0.1 N HCl until pH of the 

formulation reached to 1.5 to 2. At this pH, formulation 

undergoes aggregation and separation. Formulation was 

centrifuged at 3000 rpm for 30 min. Supernatant was taken 

out, diluted with Phosphate Buffer 6.8 and quantified via 

UV Spectrophotometer [21, 22]. 

% EE = (Wtotal – Wfree)/ Wtotal × 100 

Where Wtotal is the total amount of drug in used in preparing 

formulation, Wfree is the amount of the drug in 

supernatant. 

 

3.4 In vitro drug release Studies 

 

In vitro drug release from the Nanostructured lipid carriers 

was tested with dialysis technique. Dialysis bag of cellulose 

dialysis membrane was soaked in the distilled water 

overnight. 1ml of the preparations was placed in dialysis bag 

and sealed both ends with threads. In vitro drug release 

studies were carried out in Phosphate-buffered saline (PBS) 

pH 6.8 at 37°C on magnetic stirring moving at a speed of 50 

rpm for 24hrs. Samples were drawn back at predetermined 

time intervals and replaced with fresh media. Samples were 

filtered and then analyzed using UV spectroscopy at λmax of 

223 nm [23,24]. 

  

3.5  Stability study
 

 

Freeze-dried optimized NLCs formulation N7 was subjected 

to stability studies as per ICH guidelines. The samples were 

placed in vials and kept at 25±2 °C/60 ±5% RH and 4±2 °C 

C/75 ± 5% RH atmospheric conditions using stability 

chamber over period of three months. The samples were 

analyzed physical appearance at specified time intervals (0, 

15, 30, 60, 90 days of storage). Cumulative drug release 

study was also switched out at the end of stability study for 

both storage conditions [25, 26]. 

 

4. Result and Discussion 
 

4.1 Surface and shape analysis by Scanning Electron 

Microscopy 

 

Surface and shape analysis of the optimized NLCs 

formulation N7 captured by SEM was shown in Figure 1. 

The SEM image revealed that NLCs were of uniform, 

distinct, and spherical or oval shapes with little or no 

agglomeration indicating that prepared NLCs were 

homogeneously dispersed. The sizes of NLCs obtained by 
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SEM were in close agreement with the results obtained by a 

litesizer. 

 

 
Figure 1: SEM photograph of Nifedipine loaded NLCs 

coated with Fenugreek Seed Polysaccharide 

 

4.2 Particle size and zeta potential 

 

The particle size of the optimized NLCs formulation N7 

showed considerably mean size of 337 nm as shown in 

Figure 2. Zeta potential is imperative for analyzing stability 

of colloidal dispersion during storage. The zeta potential of 

optimized formulation was found to be -52.4 mV as shown 

in Figure 3, which imparts good stability of NLCs 

dispersion. 

 

 
Figure 2: Particle Size Analysis of Nifedipine loaded NLCs 

coated with Fenugreek seed polysaccharide 

 

 
Figure 3: Particle Size Analysis of Nifedipine loaded NLCs 

coated with Fenugreek seed polysaccharide 

 

4.3 Drug Entrapment Efficiency 

 

The Nifedipine loaded NLCs using Fenugreek Seed 

Polysaccharide were formulated using different 

concentrations of solid lipid, liquid lipid and Fenugreek 

Seed Polysaccharide by the Solvent injection technique as 

shown in Table 1. Out of eight formulations (N7) seems to 

exhibit good physical stability indicated by high entrapment 

efficiency value as shown in the Table3 

Table 3: Entrapment Efficiency of NLCs 
Batch Code Entrapment Efficiency (%) 

N1 75.32 

N2 77.17 

N3 79.08 

N4 79.88 

N5 82.32 

N6 80.13 

N7 86.88 

N8 80.46 

 

4.4 In vitro drug release Studies: 

 

The in vitro drug release study was performed using dialysis 

technique in Phosphate Buffer pH 6.8. In vitro release 

profile of Nifedipine loaded NLCs formulations portrayed in 

Figure 4 and showed burst drug release for initial 0.5h 

followed by slow and sustained release up to 24 h. However 

from the data, it was found that drug release profile of RLX 

was improving from formulations N1 to N8. The NLCs 

formulation containing 200mg of GMS, 10mg of Oleic acid 

and 50mg of Fenugreek Seed Polysaccharide (N7) showed 

considerable improvement in release profile (92.95±0.31) 

compared to other NLCs formulations.  

 

 
Figure 4: In-vitro Drug release profiles of NLCs 

 

 

 

 

Paper ID: SR201029123557 DOI: 10.21275/SR201029123557 105 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 9 Issue 11, November 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

4.5  Stability study 

 

The physical stability of Nifedipine loaded NLCs 

formulation (N7) was intimated by visible phase separation 

and all dispersion remained in homogenous state upon 

storage at 4±1°C and room temperature (25± 2°C) for 90 

days. The mean particle size of optimize NLCs formulation 

(N7) after storage at both temperatures is shown in Table 4. 

Non-significant increase was observed in the particle size 

for the sample stored at 4±1°C over the monitored period 

while those stored at room temperature (25± 2°C)  showed 

increase in the mean particle size. Figure 5 shows the 

cumulative % drug release of the optimize NLCs 

formulation (N7) after storage at 4±1°C and room 

temperature (25± 2°C). At the end of study, it was observed 

that cumulative % drug release for the formulation kept at 

4±1°C was satisfactory but showed significant reduction at 

room temperature (25± 2°C). The result shown for 4±1°C 

and room temperature (25± 2°C) supports that at room 

temperature (25± 2°C) there was small degradation of drug 

and room temperature (25± 2°C) is not a satisfactory storage 

condition for lipid based formulation. 

 

Table 4: Effect of aging on particle size on NLCs (N7) 

at 4 ± 1°C and 25± 2°C temperature 

Sr. No. Days 
Physical  

Change 

Particle size(nm) 

(at 4 ± 1°C ) 

Particle size(nm) 

(at 25± 2°C) 

1 0 No Change 337±0.72 337±0.72 

2 15 No Change 337.3±0.43 337.9±0.53 

3 30 No Change 337.8±0.56 341.8±0.66 

4 45 No Change 338.1±0.34 349.1±0.34 

5 60 No Change 338.9±0.67 359.9±0.57 

6 75 No Change 339.5±0.57 371.5±0.87 

7 90 No change 340.2±0.41 393.2±0.91 

 

 

 
Figure 5: Cumulative % drug release at 4 ± 1˚C and at room temperature 

 

5. Conclusion  
 

In the present study, an attempt was made to improve 

bioavailability of poorly soluble Nifedipine by preparing 

nanostructured lipid carrier. NLCs were prepared by solvent 

injection method and optimized batch was formulated by 

using Glyceryl monosterate, oleic acid, and Fenugreek Seed 

Polysaccharide as solid lipid, liquid lipid and polysaccharide 

respectively. Which exhibit high entrapment efficiency and 

sustained release of drug up to the period of 24 h. Particle 

size and SEM study confirms nano sized discrete spherical 

globules with smooth surface area. Stability study of 

optimized formulation at cold condition (4±1°C) and room 

condition (25± 2°C) shows extremely stable formulation for 

the period of three months at 4±1°C  and support the fact 

that dried lyophilized nano-carriers may remain stable for 

longer period of time at cold condition (4±1°C). It can be 

concluded from the result obtained that the NLCs developed 

for oral delivery of Nifedipine with Fenugreek Seed 

Polysaccharide showed better stability and higher 

entrapment efficiency, easy to scale up. The results of the 

present study showed that the problems associated with the 

oral bioavailability of Nifedipine can be overcome by using 

Nanostructured lipid carriers’ preparation including 

Fenugreek Seed Polysaccharide. 

 
References 
 

[1] O'driscoll CM and Griffin BT. Biopharmaceutical 

challenges associated with drugs with low aqueous 

solubility–the potential impact of lipid based 

formulations. Adv Drug Deliv Rev., 2001, 60; 617–

624.  

[2] Saupe A, Wissing SA and Lenk A. Solid lipid 

nanoparticles (SLN) and nanostructured lipid carriers 

(NLC) structural investigations on two different carrier 

systems. Biomed Mater Eng., 2005, 15; 393–402. 

[3] Muller RH, Petersen RD and Hommoss A. 

Nanostructured lipid carriers (NLC) in cosmetic 

dermal products. Adv Drug Deliv Rev., 2007, 59; 522–

530. 

[4] Wang J and Xia Q. Alpha-lipoic acid-loaded 

nanostructured lipid carrier: sustained release and 

biocompatibility to HaCaT cells in vitro. Drug Deliv., 

2014, 21; 328–341.  

[5] Shin G.H and Kim J.T. Observation of chitosan coated 

lipid nanoparticles with different lipid compositions 

under simulated in vitro digestion system. Food 

Hydrocoll., 2018, 84; 146–153. 

[6] Wiedenmann V, Oehlke K, van der Schaaf U, Hetzer 

B, Greiner R and Karbstein H.P. Impact of the 

incorporation of solid lipid nanoparticles on ss-

lactoglobulin gel matrices. Food Hydrocoll., 2018,  84; 

498–507. 

[7] Mehrad B, Ravanfar R, Licker J, Regenstein J.M and 

Abbaspourrad A. Enhancing the physicochemical 

stability of beta-carotene solid lipid nanoparticle 

(SLNP) using whey isolate. Food Res. Int., 2018, 105; 

962–969. 

[8] Zheng K,  Zou A, Yang X,  Liu F, Xia Q and R. Ye, B. 

Mu, The effect of polymer surfactant emulsifying 

agent on the formation and stability of alpha-lipoic 

acid loaded nanostructured lipid carriers (NLC). Food 

Hydrocoll., 2013, 32; 72–78. 

Paper ID: SR201029123557 DOI: 10.21275/SR201029123557 106 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 9 Issue 11, November 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[9] Han  Y,  Li  Y,  Zhang  P,  Sun  J,  Li  X and  Sun  X. 

Nanostructured lipid  carriers  as  novel  drug  delivery 

system  for  lung  cancer  gene  therapy. Pharm Dev 

Technol., 2015, 1; 1-5. 

[10] Pirollo KF and Chang EH. Targeted delivery of small 

interfering RNA: approaching effective cancer 

therapies. Cancer Res., 2008, 68; 1247-1250.  

[11] Guimaraes K.L and Re M.I. Lipid nanoparticles as 

carriers for cosmetic ingredients: The first (SLN) and 

the second generation (NLC). In: Beck R, Guterres S, 

Pohlmann A, editors. Nanocosmetics and 

Nanomedicines:  New approaches for skin care. 

Germany: Sprin., 2011, 1(5); 101-122. 

[12] Nikoli S, Keck CM, Anselmi C and Muller R.H. Skin 

photoprotection improvement: synergistic interaction 

between lipid nanoparticles and organic UV filters. Int 

J Pharm., 2011, 414; 276-284.  

[13] Singh A, Manchanda R and Arora S.C. Nanostructured 

Lipid Carriers: A Novel Drug Delivery System. 

International Journal of Chem Tech Research., 2019, 

12(1); 75-86. 

[14] Rui S and Qiang X. Nanostructured lipid carriers 

incorporated in alginate hydrogel, enhanced stability 

and modified behavior in gastrointestinal tract colloid 

and surfaces A.  2019, 574; 197-206. 

[15] Schubert  MA and Müller-Goymann  CC. Solvent  

injection  as  a  new  approach  for  manufacturing 

lipid  Nanoparticles- Evaluation  of  the  method  and  

process  parameters. European Journal of 

Pharmaceutics and Biopharma., 2003,55(1); 125-131. 

[16] Pathakkamla and Tiwari R. Nanostructurd lipid 

carriers versus SLNs of simvastatin:comparative 

analysis of characteristics, pharmacokinetics and tissue 

uptake. International journal of pharma., 2011, 415; 

232-243.  

[17] Ana B, María Á.S, Alicia R.G, António J.A and 

Véronique P. Nanostructured Lipid Carriers: promising 

drug delivery systems for future clinics Nanomedicine. 

Nanotechnology Biology and Medicin., 2015, 1; 1- 15.  

[18] Kanwar R, Gradzielski M, Prevost S, Kaur G, Clemens 

D, Sousai A.M and Kumar S. Effect of lipid chain 

length on nanostructured lipid carriers: Comprehensive 

structural evaluation by scattering techniques. Journal 

of Colloid and Interface Science., 2019, 534(15); 95-

104.  

[19] Radtke M, Müller RH. Nanostructured Lipid Carriers: 

A novel generation of solid lipid drug drug Carriers. 

Pharmaceutical Technology., 1991, 17; 1-4.  

[20] Magdalene R, Eliana B and R.H, Müller. 

Nanostructured Lipid Carriers: A Novel Generation of 

Solid Lipid Drug Carriers. Pharmaceutical 

Technology., 2005, 17(4); 45-50. 

[21] Shete H and Patravale V. Long chain lipid based 

tamoxifen NLC. Part I: preformulation studies, 

formulation development and physicochemical 

characterization. Int J Pharm., 2013, 454; 573–583. 

[22] Joshi M, Pathak S, Sharma S and Patravale V. Design 

and in vivo pharmacodynamics evaluation of 

nanostructured lipid carriers for parenteral delivery of 

artemether: nanoject. Int J Pharm., 2008, 364; 119–

126. 

[23] Giri T.K, Bhowmick S and Maity S. Entrapment of 

capsaicin loaded nanoliposome in pH responsive 

hydrogel beads for colonic delivery. J. Drug Deliv. Sci. 

Technol., 2017, 39; 417–422. 

[24] Pal Y, Deb P.K, Bandopadhyay S, Bandyopadhyay N 

and Tekade R.K. Chapter 3 – role of physicochemical 

parameters on drug absorption and their implications 

in pharmaceutical product development, in: R.K. 

Tekade (Ed.), Dosage Form Design Considerations. 

Academic Press., 2018, 1; 85–116. 

[25] Bunjes H, Structural properties of solid lipid based 

colloidal drug delivery systems, Curr. Opin. Colloid 

Interface Sci., 2011, 16; 405–411. 

[26] Junyaprasert V.B, Teeranachaideekul V, Souto E.B, 

Boonme P and Mueller R.H. Q (10)-loaded NLC 

versus nanoemulsions: stability, rheology and in vitro 

skin permeation. Int. J. Pharm., 2009, 377; 207–214. 

Paper ID: SR201029123557 DOI: 10.21275/SR201029123557 107 




