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Abstract 

 
The most practical method of drug delivery is oral administration because it 

has a high rate of patient compliance. However, there are significant obstacles 

to effective oral medication delivery, including low drug enzymatic/metabolic 

stability and poor water solubility. Especially in the development of drug 

formulations for the treatment of obesity and hypertension. This research 

article aims to formulate solid lipid nanoparticles (SLN) of Fucoxanthin and 

Ramipril by the emulsification and ultrasonication methods. The nanoparticles 

size, polydispersity index, and the zeta potential, among other parameters, were 

computed. In addition, FT-IR analysis of compatibility tests between the SLNs 

and the loaded drug and in vitro drug release experiments were carried out. 

Lipid-based nano preparations have drawn plenty of interest as efficient 

vehicles to increase the oral bioavailability of these kinds of medications. We 

observed that lipid nanoparticles, have enhanced the oral bioavailability of 

poorly water-soluble drugs used for obesity and hypertension. Provided the 

above information, formulated SLNs should be further investigated using 

cutting-edge scientific methodologies to improve its bioavailability. 

Keywords: Hypertension, Obesity, Lipids based Nano formulation, Solid 

lipid nanoparticles. 

1. Introduction 
Oral drug delivery is the most frequent, practical, and widely utilised mode of administration since it 

offers benefits including painless administration, no help, and patient compliance in comparison to other 

methods like, intravenous, rectal, and transdermal 1. However, because to their poor oral absorption and 

bioavailability, several drugs are ineffective and fail in research and development. Poor oral 

bioavailability prevents several medications from achieving the minimal effective concentration 

necessary for therapeutic action 2. Obesity and hypertension are two prevalent chronic diseases that 

pose significant health risks worldwide. The most common cause of hypertension is vascular ageing, 

which is increased in people with obesity 3. Increased neurohormonal and humoral activity is observed 
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in obese patients 4,5. Adipokine activity cause increased renin-angiotensin aldosterone activity in obese 

people. Ineffective vasodilation, decreased natriuresis, amplified sodium reabsorption via the kidney, 

and volume expansion are all consequences of obesity, which further contributes to high blood pressure. 

Pharmaceutical intervention plays a crucial role in the management of these conditions, with oral drug 

delivery being the most preferred and convenient route of administration 6. However, a major hurdle in 

formulating effective medications for obesity and hypertension lies in the poor oral bioavailability of 

poorly water-soluble drugs. Poorly water-soluble drugs, characterized by low aqueous solubility and 

high lipophilicity, often exhibit limited dissolution and absorption in the gastrointestinal tract. As a 

result, their therapeutic efficacy is compromised, necessitating the development of innovative strategies 

to enhance their oral bioavailability. Recently, lipid-based nano formulations have shown promise for 

improving the oral delivery of medications that aren't highly water-soluble. Solid lipid nanoparticles 

(SLNs) are spherical particles with diameters ranging from 1 to 1000 nm. They serve as an alternative 

carrier system to conventional colloidal carriers like liposomes, nano crystals, polymeric micro, and 

nanoparticles emulsions 7,8. Our team has previously stated that most natural products provide an 

intriguing promise for the successful treatment of a variety of disorders due to their anti-inflammatory, 

antioxidant, anti-diabetic, hypolipidemic, and neuroprotective qualities that have been induced by 

decreasing the activity of essential regulatory enzymes 9–18. Numerous therapeutic benefits of organic 

substances and nanoparticles have been described in the past to regulate the negative pathophysiological 

consequences associated with oxidative stress, infection by microbes, gastric ulcer, 

hypercholesterolemia, cancer and brain diseases 19–29.  Several reports suggested their beneficial role 

for neurological disorders, tumours, and other diseases 30–47. 

This paper provides a thorough process for creating solid lipid nanoparticles with the goal of increasing 

the oral bioavailability of medications that are poorly soluble in water, Fucoxanthin, an edible brown 

seaweed is a marine carotenoid and Ramipril is a well-known anti-hypertensive drug with potential 

therapeutic effects against obesity and hypertension respectively, both drugs face challenges related to 

their low solubility and limited oral bioavailability. Lipid-based nano formulations, such as SLNs, 

provide a viable means of improving medication absorption, stability, and solubility while overcoming 

these constraints. The main phases in the formulation development process, such as pre-formulation 

research, formulation design, optimisation, and characterisation methods, are described in this 

approach. It also emphasises how crucial it is to do in vitro research in order to evaluate the effectiveness 

of the nano formulation with regard to drug release, permeability, pharmacokinetics, and therapeutic 

efficacy. The methodology presented here serves as a guide for researchers in the field of 

pharmaceutical sciences to develop effective lipid-based nano formulations for enhancing oral 

bioavailability of poorly water-soluble drugs, particularly for the treatment of obesity and hypertension.  

Over the past several decades, obesity has become a serious global problem. The accumulation of 

additional body fat causes obesity, a complex, multidimensional disorder that has a negative influence 

on one's health. The World Health Organization (WHO) reports that since 1975 48, the prevalence of 

obesity has considerably increased worldwide. In 2016, there were more than 1.9 billion overweight 

adults. Of them, 650 million people had obesity. 49. Having excessive fat in human body alters the 

human behaviour. We are aware that fat deposits cause metabolic changes linked to an elevated 

proinflammatory state, which disturbs body haemostasis and may impede immune responses 50,51. 

Having too much body fat raises your risk of developing diabetes and heart disease 52. In turn, the link 

between hypertension and many of the cardiometabolic effects of fat is reciprocal 53. Consequently, 

individuals with obesity have higher incidences of hypertension than people of normal weight 54. The 

pathophysiologic characteristics of adipose tissue affect sodium processing, liver and kidney function, 

vascular behaviour, and blood pressure levels, complicating medical treatment for hypertension 55.  

Obesity-associated hypertension is induced by several linked pathophysiologic processes. The most 

common cause of hypertension is vascular ageing, which is increased in people who are obese 56,57. 

Increased neurohormonal and humoral activity is observed in obese patients 58,59. In obese individuals, 

renin-angiotensin-aldosterone system activity is elevated due to adipokine activity. Obesity has several 

negative effects, including ineffective vasodilation, increased renal reabsorption of salt, reduced 

natriuresis, and volume expansion, all of which raise the risk of high blood pressure. 60,61. There are still 

many unsolved concerns regarding how the various illnesses linked to excessive mass gain interacted 

to develop heart and vascular related disorders including renal disorders, even though obesity is 

becoming more and more recognised as a severe health issue. 
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2. Materials And Methods 

Materials 

Precirol ATO and Gelucire 50/13 were purchased from Gattefossé, Palmitic Acid from Central Drug 

House, Fucoxanthin from Indena Pvt. Ltd, Ramipril from Cipla Ltd and Tween 80 from Croda 

Company. All the solvents used were in the analytical grade.  

Synthesis of solid lipid nano formulations of Fucoxanthin and Ramipril 

Emulsification and ultrasonication techniques were used for generating SLNs. In a nutshell, the lipid 

phase was melted with heating it to a temperature that was 10 ℃ over the melting points, using 10 mg 

palmitic acid, 50 mg Precirol ATO 5, and 20 mg Gelucire 50/13 as the starting materials. The drug 

(Fucoxanthin/Ramipril) weighing about 5 mg was then spread in the hot, molten lipid phase, after which 

the lipid phase was then given final coating of the warmed aqueous mixture containing 25 mg Tween 

80. Finally, a formulation was produced utilising a probe sonicator for five minutes and a hot plate to 

keep the temperature constant. The finished SLNs nano formulation was lyophilized using a freeze-

dryer and kept at 4 ℃ after being cooled down in ice for 30 minutes. 

Characterization of SLRNs physicochemical  

Zeta potential, polydispersity index (PDI), and particle size measurements 

After dissolving SLN formulations in distilled water, they were agitated for five minutes. Dynamic light 

scattering was then used to compute the mean nanoparticle size and the polydispersity index (PDI) after 

the zeta potential was collected using an ELSZ-1000 zeta potential and particle size analysers. The 

measurements for each formulation were done in triplicate. 

Colorimetry of differential scanning (DSC) 

The physical condition of SLN formulations was determined using a PerkinElmer DSC 8500. Samples 

of drug-loaded SLNs (2 mg each), drug, blank SLNs, palmitic acid, and preciprol ATO 5 were all put 

individually on an aluminium pan and sealed hermetically. It was speaking of empty pots. The studies 

were conducted at a temperature range of 20–220 °C with a dry nitrogen gas flow rate of 50 mL/min. 

Ten, 2.5, and 0.2 °C/min were used as scan rates. 

FT-IR Spectral analysis 

The intermolecular contacts between the SLNs and the loaded medication were examined by FT-IR 

analysis on lyophilized blank SLNs, SLRNs (Ramipril), SLFNs (Fucoxanthin). The FT-IR spectra were 

collected at a resolution of 2 cm-1 and at a wavelength range of 500-4000 cm-1. 

Evaluation of loading capacity (LC) and encapsulation efficiency (EE) 

A 0.5 mL centrifugal Amicon® filter tube was filled with 500 µL of diluted SLN formulation using an 

Eppendorf centrifuge. The drug-loaded SLNs and free drug were separated as they went through the 

filter by the centrifuge, which was operated for 30 minutes at 4°C and 14,000 rpm. The quantity of free 

medication in the supernatant was then calculated using HPLC. The EE and LC of SLNs were computed 

using the following equations:  

EE% = TRes−Sdrug Tdrug × 100 

LC% = Tdrug −Sdrug TL × 100 

where, Tdrug is the Overall drug content in the SLRNs, Sdrug is drug concentration and TL denotes for 

total mass of lipid present in the SLNs. 

Invitro release studies  

SLNs formulations were quantified in vitro drug release utilising the previously reported dialysis bag 

diffusion technique during a 24-hour period.500 µL of dispersed SLN formulations (molecular weight 

cutoff of 3 k Da) were added to a dialysis bag, which was then sealed at both ends. The dialysis bag 

was then submerged in 25 mL of release medium at 37 ℃ and vigorously shaken at 50 strokes per 

minute. Both the simulated gastric fluid (SGF) and the simulated intestinal fluid (SIF) with 0.5% Tween 

80 were used as release media. The SGF is made up of 2 grammes of sodium chloride, 1 litre of distilled 

water, 7 millilitres of hydrochloric acid, and a pH buffer of 1.2. The SIF is made up of 6.8 grammes of 

potassium phosphate monobasic, 0.616 grammes of sodium hydroxide, 1 litre of distilled water, and pH 

6.8. At predetermined intervals (0, 0.5, 1, 2, 3, 4, 6, 8, and 24 hours), 1 mL of the release medium was 

removed and replaced with 1 mL of new release medium in order to maintain sink conditions. Following 

that, the samples were assessed using HPLC, as was previously indicated.  
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3. Results and Discussion 

Zeta potential, polydispersity index, and particle size measurements 

Table 1 presents an overview of the mean size of particles, PDI, as well as zeta potential data for SLNs. 

In the presence of reducing agent, lipid oxidation turns into their respective nanostructures which is 

mainly responsible for the size variation. The particle size may be determined using this approach by 

estimating random fluctuations in the intensity of light diffused from colloidal suspension. 

Table 1- Physicochemical characterization of Fucoxanthin and Ramipril-loaded SLNs (mean ±S.D, n 

= 3) 

Group Formulation 
Particle size 

(nm) 
PDI 

Zeta potential 

(mV) 
EE (%) 

LC 

(%) 

I FX-SLN 100.05 ±13.74 
0.25 ± 

0.05 
-18.06 ± 0.41 

96.45 ± 

2.18 
3.61 

II RM-SLN 101.28 ±18.74 
0.29 ± 

0.03 
20.69 ± 0.63 

96.45 ± 

2.18 
3.61 

 

Differential scanning calorimetry (DSC) 

DSC thermograms of Precirol ATO 5, palmitic acid, drugs, blank SLNs and SLRNs are presented in 

Figure 1. The peak temperatures for the Precirol ATO 5 and palmitic acid thermograms, which 

correspond to the melting points of the lipids, were 59.57 ℃ and 58.85 ℃, respectively. The drug 

thermogram displayed a clear endothermic peak at 269 ℃, which corresponded to its high crystallinity 

and the conventional melting point. The absence of an endothermic peak for fucoxanthin and ramipril 

in the SLNs strongly suggests that the drugs were present in the SLNs in an amorphous state rather than 

a crystalline one. Because of the lipids' transformation into nanoparticles, the presence of surfactant, 

medication, and formulation additives, as well as a little alteration in the endothermic peak of palmitic 

acid and Precirol ATO 5 in both drug-loaded and blank SLNs. 

 

Figure 1 - DSC Thermograms of drugs and drug-loaded SLNs 

FT-IR Spectral analysis 

Figure 2 displays the FT-IR spectra of drugs, blank SLNs, and drug-loaded SLNs. The drug, blank 

SLNs, and SLRN FT-IR spectra do not show any peak shifting or drug peak loss. Drug molecular 

dispersion or complete entrapment within the solid lipid core of SLNs is most likely the cause of the 

absence of drug functional characteristic peaks from the spectra of SLRNs. Furthermore, the drug-

loaded SLNs' spectra did not exhibit any additional peaks, indicating that the medication had no effect 

on the nature of the SLNs. Consequently, our investigation demonstrated that the medication does not 

interact with the solid lipid component of SLNs, indicating that the drug is suitable for SLN 

formulations. 
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Figure 2 - FTIR of drugs, blank SLNs and drug-loaded SLNs 

Evaluation of loading capacity (LC) and encapsulation efficiency (EE) 

Table 1 provides the EE and LC of drug-loaded SLNs. Previous studies have shown that resveratrol 

may be loaded in SLNs up to 3.08% with less than 80% of EE. Because the solid lipid core of Precirol 

ATO 5 and palmitic acid can contain substantial quantities of both medications, Ramipril's and 

Fucoxanthin's high lipophilicity (octanol/water partition coefficient: Ramipril log P = 3.1 and 

Fucoxanthin log P = 4.5) resulted to high drug loading in the SLNs in our tests. Furthermore, the active 

component was maintained within the polymer mesh's core or on its surface throughout the 

polyelectrolyte manufacturing process. The huge cavity size of the particles' ability to encapsulate more 

medications is another factor. 

Invitro release studies 

To simulate the in vivo environment, in vitro release testing of the medicines from SLN formulations 

were conducted along a pH gradient that mimicked the pH in the GI tract: SGF and SIF were applied 

in this case. The percentage cumulative release profile of fucoxanthin and Ramipril is displayed in 

Figure 3. At 24 in SGF/SIF, respectively, SLNs showed an early burst release (74.48 3.72% in SGF) 

and a continuous release pattern (68.28 3.87% in SIF). The release rate from SLNs was higher in SGF 

than in SIF. Due to SLNs' burst release characteristic, it was discovered that SLNs were substantially 

higher in simulated stomach environment than in simulated intestinal ones.   

  

 

Figure 3 - Percentage Cumulative Release profile of Fucoxanthin and Ramipril SLNs 

4.  Conclusion 

This study concludes that Lipid-based nano formulations offer a promising approach for enhancing the 

oral bioavailability of poorly water-soluble drugs used for obesity and hypertension. Formulated SLNs 

of Ramipril and Fucoxanthin upon determination of particle size showed a range of 100.05 ±13.74 nm 

(FX-SLN), 101.28 ±18.74 nm (RM-SLN),Thermograms of Differential scanning calorimetry (DSC) 

has produced a peak temperature of 59.57°C and 58.85°Cfor the Precirol ATO 5 and palmitic acid, No 

https://jazindia.com/


Lipid-Based Nano-Formulation Development to Enhance Oral Bioavailability of Weakly Aqueous-Soluble Drug for Obesity 

and Hypertension 

 

Available online at: https://jazindia.com  - 1782 - 

peak shifting or drug peak loss is visible in the FT-IR spectra of the drug, blank SLNs, or SLRNs, 

concluding  that there is no interaction between the medicine and the solid lipid component of SLNs, 

proving that the drug is appropriate for SLNs formulations. In vitro analysis demonstrated an early burst 

release (74.48 3.72% in SGF) and a continuous release pattern (68.28 3.87% in SIF) at 24 in SGF/SIF, 

based on the results, formulated SLNs of Ramipril and Fucoxanthin showed a promising increase in 

oral bioavailability and cutting-edge scientific methodologies must be used for further studies. 
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