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ABSTRACT
Aim: An oral administration formulation including resveratrol and solid lipid nanoparticles is the 
focus of this investigation. Materials and Methods: The resveratrol SLN was prepared utilizing 
oleic acid as the surfactant and hydrogenated castor oil as the lipid matrix by the high-pressure 
homogenization process. The FTIR and DSC techniques were used to conduct the chemical as 
well as physical drug interaction. Using scanning electron microscopy, the physicochemical 
properties of SLN were examined. Using the Assay of Cyclooxygenase and 5-lipoxygenase 
method, resveratrol was tested for its anti-inflammatory effects in vitro. Following the in vitro 
anti-inflammatory trials, a stability study was conducted. Results: The optimised formulation's 
SLN had a spherical resveratrol and a polydispersity index of 0.371±0.042, a zeta potential of 
-30.9±2.6 mV, a loading capacity of 1.89±0.22%, and an encapsulation efficiency of 91.80±1.7%. 
It exhibited good stability at 25ºC±2ºC / 60% RH±5% RH. In addition to its anti-inflammatory 
effects, the resveratrol exhibited a sustained release impact. Conclusion: Based on the results of 
these investigations, resveratrol in an oral formulation shows promise for less frequent dosage 
and improved pharmacological effects.

Keywords: Resveratrol, Solid Lipid Nanoparticles, Anti-Inflammatory Activity, Sustained Release, 
Stability.

INTRODUCTION

The essential issue with the medications is their low water 
solvency, which brings about unfortunate ingestion and 
restricted bioavailability. Strong lipid nanoparticles, a type of 
strong lipid-based nano-drug conveyance innovation, have thus 
filled in prevalence. The making of strong lipid nanoparticles was 
prodded by the potential for expanded drug assimilation rate.1,2 
A significant enhancement is the use of solid lipid nanoparticles, 
which shield the encapsulated pharmaceuticals from stomach 
degradation and offer tremendous flexibility in managing drug 
release due to the solid lipid matrix. According to previous study 
solid lipid nanoparticles typically have a biodegradable and bio 
compatible solid lipid core and an exterior shell covered with a 
nonhazardous surfactant or co-surfactant.3,4 Solid lipids boost 
medication solubilization and dissolution in the intestinal lumen, 
lymphatic transport, gastrointestinal permeability, and stomach 
emptying rate, which in turn enhances drug absorption.5,6 When it 
comes to the stability and production of solid lipid nanoparticles, 

two crucial criteria are particle size and PDI.7 The manufacturing 
process and the composition of the particles are the primary 
determinants of these properties.

The polyphenolic phytoalexin resveratrol, (C14H12O3), is 
abundant in red grapes and has various potential medical 
advantages, including reduced risk of hyperlipidemia, diabetes, 
atherosclerosis, fatty liver, premature ageing, and cancer.8 
Additionally, it blocks the action of certain DNA helicases and 
prevents platelet aggregation. It is synthesised in plants by the 
stilbene synthase enzyme and is also known as a stilbenoid, a 
derivative of stilbene. With a 95% success rate in avoiding lipid 
peroxidation, resveratrol shows promise as a potent antioxidant. 
It contains epicatechins, gallic and ellagic acids, and a significant 
capacity to scavenge peroxyl radicals. Protecting cells from 
oxidative damage is one of resveratrol's antioxidant functions.9

MATERIALS AND METHODS

Yarrowchem Pvt. Ltd., of Mumbai supplied the resveratrol, Corel 
Pharma Chem of Gujarat provided us with the hydrogenated 
castor oil, Varun Biochemicals of Mumbai provided with the 
soy lecithin and S.D. Fine Chem of Mumbai helped us out for 
procuring oleic acid and Span 80. Everything else that was 
employed was of an analytical grade chemical or reagent.
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Methods
Drug- Excipients Compatibility Study

We used FT-IR and DSC to investigate the drug-excipient 
interaction.

Fourier-Transform Infrared Spectroscopy

The traditional KBr plate method, a widely used technique 
in FTIR research, was carefully employed to analyze both the 
compound and excipient. This method was chosen to delve into 
the intricate drug-polymer interaction and unveil any potential 
physical or chemical modifications that could arise during the 
formulation process. To achieve this, the excipient and pure 
powders were meticulously combined in a precise 1:1 ratio with 
potassium bromide, leading to the creation of a minute pellet by 
subjecting the mixture to intense pressure using a hydraulic press. 
Subsequently, the FT-IR analysis was expertly conducted across 
the expansive 400-4000 cm-1 frequency range. By scrutinizing 
and comparing the most notable peaks identified in the spectra 
with the standard FTIR, a comprehensive understanding of the 
molecular interactions and compositional changes was gained.10

DSC Study

To conduct the Differential Scanning Calorimetry (DSC) 
investigation thoroughly, we meticulously analyzed thermograms 
obtained from the pure drug and a physical blend comprising the 
drug and different polymers. This meticulous examination was 
crucial as it provided insights into potential interactions between 
the drug and the polymers. Furthermore, in their methodology, 
they meticulously selected a specific heating rate of 20ºC/min to 
steadily heat the samples from 50ºC to 400ºC using the Differential 
Scanning Calorimeter apparatus, a critical step to ensure accurate 
and reliable results for the study.11

Standard Calibration Curve

A UV spectrophotometer was meticulously utilized to 
meticulously conduct the standard calibration curve of resveratrol, 
which involved using a precise phosphate buffer solution with a 
pH level carefully maintained at 7.4. With exacting precision, 
varying volumes of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5 mL were 
meticulously transferred using a pipette from the existing 100 
µg/mL concentration solution into separate 10 mL volumetric 
flasks. These volumes were then meticulously complemented 
to the 10 mL mark with the addition of phosphate buffer 7.4, 
effectively creating a series of final concentrations ranging from 
5 µg/mL to 50 µg/mL. For the pharmacological assessment, the 
concentration's absorbance at a precise frequency of 304 nm was 
meticulously determined to ensure accurate and reliable results.12

Preparation of Nanoparticles

In Table 1, we can see the complete process of making solid lipid 
nanoparticles, where A represents the overall lipid concentration, 

B the liquid lipid concentration, and C the surfactant 
concentration. The hydrogenated castor oil was melted in a china 
dish at 80ºC with the addition of soya lecithin and 2% oleic acid. 
Distilled water was used to make the aqueous phase. After the 
two components were combined at the same temperature, they 
were stirred for 1 min at 15,000 rpm to create a homogeneous 
emulsion. This mixture was then passed through a High-Pressure 
Homogenizer (HPH) while maintaining a pressure of 500 bars. 
The different parameters of the resulting SLN were assessed. 
The nanosuspensions that were made were combined with 
mannitol, a cryoprotective agent, at a ratio of 50% by weight to 
the medication, and then frozen at a temperature close to -20ºC 
for 24 hr.13-15

Evaluation Parameters
Physiological Evaluations

Utilizing Dynamic light dispersing, a Zetasizer Nano ZS 90 from 
Malvern Ltd. UK was utilized to quantify the molecule size and 
PDI of the NLC scattering. A 1:10 proportion of deionized water 
to all examples was utilized to accomplish the ideal 100-200 Kilo 
Counts each Second (KCPS) for estimations. For each cluster 
of nanoparticles, we decided their normal size and standard 
deviation (3 total). Electrophoretic portability (Zetasizer Nano 
ZS 90, Malvern Ltd., UK) was utilized to assess the zeta capability 
of the NLC scattering. Deionized water was utilized to weaken 
all examples at a 1:10 proportion. We figured the normal zeta 
potential and standard deviation σ for each bunch of nanoparticles 
(n=3).16

Entrapment Efficiency (%) and Drug Loading

Using centrifugation to separate the resveratrol-loaded 
nanoparticles from the liquid containing free resveratrol 
allowed us to determine the quantity of resveratrol entrapped 
in the particles. Subsequently, after evaporating the solvent, 
the resulting suspension was subjected to centrifugation. The 
concentration of free resveratrol in the resultant supernatant 
was analyzed utilizing a UV spectrophotometer set at 304 nm. 
This process of determining the quantity of drug trapped within 
nanoparticles involved subtracting the amount of drug present in 
the supernatant from the total amount of drug utilized during the 
formulation, thus enabling accurate calculation and evaluation 
of drug encapsulation efficiency.16 This formula was used to 
determine the percentage of entrapment efficiency.

​

Surface Morphology

While conducting a thorough examination of the advanced 
Solid Lipid Nanoparticle (SLN), we utilized scanning electron 
microscopy to assess its surface morphology. To enhance the 
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visualization, a platinum particle falter was employed for 300 
sec to even disperse the SLNs. Images of the SLN cluster were 
then captured using a back-scattered electron detector on a Joel 
JSM 6360 scanning electron microscope located in the USA, 
operating at a speed acceleration voltage of 15 kV. This detailed 
imaging technique provided valuable insights into the structural 
characteristics of the SLN cluster at a microscopic level.

In vitro Drug Release Study

In our experimental procedure, we employed the dissolution 
apparatus known as the USP (2nd Type), operating it under 
specific conditions of temperature (37±2ºC) and rotation speed 
(50 rpm) for a duration of 12 hr. This process was conducted 
using two distinct solvents for testing purposes: firstly, 0.1 N 
HCl, and secondly, a phosphate buffer solution with a pH of 6.8. 
This permitted us to evaluate what pH meant for the medication 
discharge exhibit from SLN. A capsule containing the SLN was 
placed in the dissolving vessel. The drug concentration was 
determined by spectrophotometry at 304 nm after 5 mL aliquots 
were taken from the dissolving media at different times for up 
to 24 hr, filtered using Whatman filter paper, and then analysed. 
It was necessary to replenish the dissolving medium in the 
dissolution vessel after removing the aliquots so that the sink 
condition could be maintained.17

Ex vivo permeability study

The local abattoir supplied freshly chopped goat intestine. The 
everted goat intestine model was used to assess the permeability 
research of the produced SLN via the goat gut. Using a syringe, 
1 cc of phosphate buffer, pH 6.8, was added to the isolated 
intestine after clamping and suturing one end of the glass rod 
that had been everted. Then, the end that was closest to the 
needle was snugly fastened with silk suture. The resulting sac 
was then placed in an incubator at 37ºC with a solution of bulk 
resveratrol (effective concentration 5 μg/mL) and at 37±4ºC 
with a solution of resveratrol SLN (effective concentration 5 μg/
mL). After half an hour, the fluid within the lumen was analyzed 
using spectrophotometry at 304 nm to determine the medicine 
content.18

Histological Examination

For the histological evaluation, we used all of the skin tissues that 
were utilised in the ex vivo study. We took specimens from both 
the treated and non-treated tissues in each group and preserved 
them in a 10% (v/v) formalin solution.18

Kinetics Study

In order to determine the optimal medication discharge energy 
and plan the delivery process using pre-arranged strong lipid 
nanoparticles, various models were employed to analyze drug 
discharge information. These models included zero-order, 

first-order, Higuchi, and the Korsemeyer-Peppas models, with 
the relationship between the log of the percentage cumulative 
drug release and the log of time being carefully assessed. By 
fitting the drug discharge data to these models, a comprehensive 
understanding of the drug release kinetics was obtained to guide 
the implementation of the delivery system effectively.19

X-ray Diffraction Study (XRD)

The X-ray diffraction frequencies of resveratrol and the 
synthesized nanoparticles were meticulously determined by 
employing a sophisticated X-ray diffractometer operating at 
specific parameters-45 kV and 40 mA-to ensure accurate readings. 
This device was set to continuous scan mode across a precise 
2θ range spanning from 20° to 80°. The analysis further delved 
into the examination of relative intensity (I/I0) and interplanar 
distance (d), aligning these aspects with the corresponding 2θ 
values for a comprehensive and detailed investigation.20,21

Anti-Inflammatory Activity
Lymphocyte Culture Preparation

In our process of cultivating human peripheral lymphocytes, 
the growth medium played a crucial role. For this purpose, we 
employed RPMI 1640 (HIMEDIA) material supplemented 
with essential nutrients like streptomycin and penicillin, along 
with fetal calf serum to create a conducive environment for 
cell proliferation. Phytohemagglutinin (HIMEDIA) was used 
to mediate cell growth. Following the addition of 1×10¹ cells/
mL of plasma, the culture was cleaned using Sartorios cellulose 
acetate with 0.2 μm pores and then allowed to grow for 72 hr. 
After activating the culture with 1μl of lipopolysaccharide, it was 
incubated for 24 hr. Diclofenac, the pure medication, and the 
optimized formulation were incubated for 24 hr after activation. 
To separate the sediment, they must next be spun in a centrifuge 
for 10 min at 6,000 rpm. After the supernatant was discarded, 
50 μl of cell lysis buffer was incorporated, and the mixture was 
centrifuged once more for 10 min at 6000 rpm.22

Assay (Investigation) of Cyclooxygenase

A cyclooxygenase examination was done utilizing the catalyst, 
hemoglobin, glutathione, and Tris-HCl cradle. The blend was 
then brooded for 20 min at 37ºC with 0.2 mL of 10% arachidonic 
corrosive and TCA in 1N HCl added. The fluid was then 
brought to a stew for 20 min with 0.2 mL of TBA added. When 
the combination has cooled, axis it for 3 min at 1000 rpm. The 
supernatant was utilized to test the COX movement at 632 nm.22

Assay (Investigation) of 5-lipoxygenase

The investigation on lipoxygenase was meticulously conducted 
by combining 70 mg of linoleic acid with 4 mL of non-oxygenated 
water, proportionally between 20. Additional sodium hydroxide 
(0.5 N) and more non-oxygenated water were essential to reach 
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a final volume of 25 mL. Once prepared, the mixture underwent 
division into half-milliliter aliquots, followed by a thorough 
nitrogen wash and subsequent freezing. The ensuing reaction was 
performed within a quartz cuvette with a 1 cm optical path length 
at a constant temperature of 25ºC. The necessary components for 
the mix included sodium linoleate (0.2 mL), Tris buffer medium 
(2.75 mL at pH 7.4), and the crucial testing enzyme (50 mL). All 
these elements were integral for determining the Optical Density 
(OD) at 234nm, a pivotal step in the experimental process.22 We 
used the following equation to get the inhibition percentage:

Inhibition of Protein Denaturation

After being incubated for 15 to 20 min at 37ºC±2ºC in a water 
bath, the reaction combinations were then heated to 70ºC and 
maintained for 5 min. The reaction mixture was then allowed to 
cool at room temperature for 15 min. A colorimeter was used for 
gauging the reaction mixture's absorbance at 680 nm before and 
after denaturation for each concentration. Each test was run three 
times, and the overall absorbance was calculated. We applied the 
following formula to determine the protein inhibition percentage 
in relation to the control.23

​

Statistical Analysis

All collected data underwent rigorous statistical analysis utilizing 
SPSS version 20 (IBM, Somers, NY, USA). Descriptive data, 
comprising mean values accompanied by the standard error of 
the mean, were meticulously documented. In order to assess the 
discrepancy in inhibition percentages across the diverse groups, 

an independent sample t-test was implemented. Subsequently, 
a significance level of 0.05 was chosen, and any observed 
differences exceeding this threshold were deemed statistically 
meaningful, signifying a crucial finding in the context of the 
study's investigative goals and objectives.24

Stability Study

Stability testing is an essential process that must be conducted 
to determine the most suitable storage conditions, recommended 
retest intervals, and optimal shelf lives for a medicinal ingredient 
or medication product. This testing is imperative not only for 
assessing the product itself but also for monitoring how its quality 
evolves over time due to a variety of environmental factors such 
as light exposure, temperature fluctuations, and humidity levels. 
By analyzing the impact of these conditions, stability testing 
provides valuable insights into the long-term stability, efficacy, 
and safety of the pharmaceutical product, ensuring its quality and 
effectiveness throughout its shelf life.24 The formulation's stability 
was tested for three months at room temperature (25ºC±2ºC/60% 
RH±5% RH) and accelerated conditions (40ºC±2ºC/75% RH±5% 
RH). We examined the optimized formulation's entrapment 
efficiency, zeta potential, particle size, and appearance.25-27

RESULTS

Drug- Excipient Compatibility Study
FTIR

Both the pure drug and the combination comprising the drug 
and the largest number of excipients revealed comparable 
patterns and fundamental peaks in the FTIR spectra. The FTIR 
data, as seen in Figure 1, showed the peaks that stand for the 
functional groups. Both stretching and bending peaks were 

Sl. No. Batch Drug A (mg) B (%) C (%)
1 F1 500 1.5 30 1
2 F2 500 1.5 40 1
3 F3 500 2 40 1.5
4 F4 500 1 20 0.5
5 F5 500 2 20 0.5
6 F6 500 2 20 1.5
7 F7 500 1 40 1.5
8 F8 500 1.5 30 1.5
9 F9 500 1 30 1
10 F10 500 1.5 30 0.5
11 F11 500 1 40 0.5
12 F12 500 1.5 20 1
13 F13 500 1 20 1.5
14 F14 500 2 40 0.5
15 F15 500 2 30 1

Table 1:  Formulation Chart of Solid Lipid Nanoparticles of Resveratrol.
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seen in the pure resveratrol medication. The C-Br stretching 
is represented by 524.66-624.96 cm-1, the C-Cl stretching by 
67026-833.28 cm-1, the =C-H bending by 995.31 cm-1, the 
-C-H bending by 1388.81-1458.25 cm-1, the -C=C stretching by 
1458.25-1597.13 cm-1, the -C≡C stretching by 2152.65-2199.85 
cm-1, the -C-H stretching by 2893.35-3032.23 cm-1, the -N-H 
stretching by 3309.94 cm-1, and the O-H stretching by 3742.06 
cm-1, respectively. The FTIR data from the optimised formulation 
also showed peaks that did not alter, vanish, or mismatch from 
the pure drug FTIR values. These findings suggest that there 
was no physical or chemical incompatibility between the pure 
medicine resveratrol and the excipients utilised.

DSC

When testing formulations for drug-excipient interactions, DSC 
is an invaluable tool. The melting process peaked at 267.24oC for 
the bulk mass of pure resveratrol. DSC analysis of freeze-dried 
SLN revealed an endotherm at 265.59oC, which is likely due to 
the resveratrol melting point. As amorphous an area containing 
molecularly dispersed resveratrol forms, the sharp to wide DSC 
peak changes. These results can be seen in Figure 1.

Standard Calibration Curve

The UV absorbance experiment involved analyzing a resveratrol 
standard solution within a buffer solution with a specific pH level 
of 7.4. The results highlighted a clear trend of linearity at a specific 
wavelength (λmax 304nm) across various drug concentrations, 
spanning from 10 to 50 μg/mL. By utilizing a carefully calculated 
slope equation (y=0.0179x-0.003) and achieving a high R2 value 
of 0.9995, the relationship between concentration and absorbance 
was clearly established. Further insights can be gleaned from 
Figure 2a, where the absorbance values and the resultant standard 
curve are impeccably presented for visual interpretation.

Evaluation Parameters
Physiological Parameters

Table 2 displays the results for the synthesised SLNs, which vary 
from 81.14±3.9 to 146.0±7.2 nm in particle size, 0.34±0.029 to 
0.471±0.042 in Polydispersity Index (PDI) and -20.7±2.1 to 
-32.1±2.5 mV in Zeta Potential (ZP).

Entrapment Efficiency (%) and Drug Loading

How much of the active ingredient gets absorbed in the 
formulation as a proportion of the total amount of resveratrol 
added is called entrapment efficiency. Absorbance measurements 
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Formulation Code Particle Size (nm) Polydispersity Index (PDI) Zeta Potential (mV)
F1 81.14±3.9 0.311±0.039 -28.1±2.6
F2 84.24±5.3 0.460±0.038 -28.4±2.2
F3 149.9±5.9 0.371±0.042 -30.9±2.6
F4 139.5±6.01 0.392±0.06 -31.6±2.7
F5 141.5±7.5 0.342±0.029 -32.1±2.5
F6 142.9±5.8 0.42±0.041 -24.2±3.0
F7 146.0±7.2 0.410±0.040 -27.4±3.1
F8 121.6±6.4 0.471±0.042 -31.3±2.6
F9 110.1±4.3 0.352±0.035 -30.9±2.0
F10 119.8±6.8 0.341±0.032 -21.7±2.4
F11 108.1±8.02 0.436±0.041 -26.4±2.8
F12 120.4±7.4 0.34±0.029 -28.2±3.1
F13 139.5±7.04 0.394±0.037 -29.4±2.3
F14 137.2±7.9 0.381±0.036 -24.9±1.5
F15 103.9±6.4 0.34±0.031 -20.7±2.1

Table 2:  Particle size, Polydispersity Index and Zeta Potential of the prepared Batches.

Figure 1:  A) Results for FTIR of pure resveratrol, B) Results for FTIR of optimized formulation, C) Results for DSC of 
pure resveratrol, D) Results for DSC of optimized formulation.
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demonstrated resveratrol concentration absorption, and a linear 
equation using the standard calibration curve determined the 
resveratrol-loaded SLN's absorption efficiency. According to 
Table 3, the efficiency of drug entrapment reached its peak within 
the absorption efficiency range of 81.2±1.4 to 91.8±1.7%. The 
drug's release rate is expected to be enhanced due to its high 
absorption efficiency. To determine the drug loading, we divided 
the entire solution volume by the quantity of resveratrol absorbed 
by the nanoparticle system. A medication loading ranging from 
1.34±0.44% to 1.89±0.22% was produced by this computation. 
The results show that F3 had the highest drug entrapment 
(91.8±1.7%), followed by drug loading (1.89±0.22%). In an ideal 
world, a nanoparticulate system would have a large loading 
capacity, allowing for the reduction of drug delivery material.

Surface Morphology
A transmission electron microscope and an optical microscope 
were used to study the SLN particle's morphology. Figure 3 shows 
that the resveratrol-loaded SLN particles did not aggregate and 
had a smooth, spherical surface. This discovery implies that, 
irrespective of the lipid type, nanoparticles carried by lipids have 
a spherical shape and a flat surface. F3 optimised resveratrol 

nanoparticles have a size of 149.9±5.9 nanometers. According to 
these findings, nano lipids with lower particle sizes are formed by 
the oleic acid concentration of NLC.

In vitro Study
Figure 2b displays the in vitro release curves of drug-loaded 
nanoparticles of the SLN type. An initial stage of drug burst release 
and subsequent sustained release at a steady pace characterised 
the biphasic drug release pattern for SLN drug release. The 
release rate accelerated as the particle size dropped because 
nanoparticles' specific surface areas increased. Consequently, the 
nanoparticles of optimised batch F3 exhibited the quickest initial 
release rate, which was due to their smaller size and increased 
oleic acid content. The range in which the drug release was found 
to be 81.563±1.58 to 98.473±0.842

Ex vivo Permeability Study
The findings of the ex vivo permeation investigations are shown 
in Figure 2c. While the pure drug solution demonstrated a release 
rate of 88.96±1.79%, the SLN F3 formulation outperformed pure 
resveratrol with a release rate of 76.65±1.58% after 24 hr. The 
effectiveness of the SLN formulation in enhancing drug delivery 

Figure 2a:  Standard calibration curve of resveratrol.

Figure 2b:  In vitro drug release of SLN of resveratrol.
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may be assessed by comparing the pure medication with the 
SLN-loaded version in ex vivo permeability experiments.

Histopathological Study

If the developed product caused any pathological alterations in 
the gut tissues, a histopathology examination would be necessary 
to identify them. There were no visible symptoms of irritation 
(reddening and swelling) on intestinal tissue while administering 
either the standard or resveratrol-loaded SLN formulations. 
Figure 4 displays histological sections stained with hematoxylin 
and eosin from the untreated, placebo-SLN-treated, and 
resveratrol-loaded intestinal tissues, respectively. Skin tolerability 
of SLN was confirmed by the fact that SLN-treated samples of 
intestinal tissues showed no abnormalities in normal histology 
or inflammation.

Kinetics Study

The manner of diffusion through the formulation to the receiving 
medium plays a major role in the in vitro release of the active 
ingredient. The kind of pharmaceutical formulation has a 
significant impact on the rate of release of the active ingredient, 
as demonstrated by the data obtained from UV-vis spectrometry. 
The lipid nanoparticles added to the SLN type formulation made 
the substrate more lipophilic, indicating a marginally greater 
affinity for the included nanoparticles. To determine the drug 
release mechanism, the profiles were also matched to several 
mathematical models. The release profile from SLN, which 
followed a non-fickian diffusion of drug release, best matched the 
first-order kinetics.

X-ray Diffraction Study (XRD)

Research using XRD showed that the amorphous resveratrol in 
SLNs is reduced because these nanoparticles are prepared using 
high-energy processing techniques that can produce heat and 
shear forces, such as high-pressure homogenization. There is less 
crystallinity in XRD patterns when the material is in an amorphous 
condition because there is no longer any long-range order and 

the molecules are more mobile. This led to the development of 
resveratrol-loaded Solid Lipid Nanoparticles (SLN) and X-ray 
diffraction investigations (X-RD) for the medication (Figure 
5). The diffraction spectra of pure resveratrol showed that the 
compound had crystallised.

Anti-Inflammatory Activity

If the two values, bp and cp are both less than 0.001, indicating a 
significant difference from the control group, then each reported 
value will represent the mean accompanied by the Standard Error 
of the Mean (SEM). The readings provided represent the average 
of triplicates, and the percentage Figures were calculated based 
on a range of concentrations of the experimental substances used 
for testing purposes. The statistical significance of the differences 
observed when compared to the control group is highlighted 
by the values of bp and cp being below the threshold of 0.001. 

Formulation 
Code

Entrapment 
Efficiency (%)

Loading Capacity 
(%)

F1 84.23±1.21 1.48±0.15
F2 90.6±1.6 1.34±0.52
F3 91.8±1.7 1.89±0.22
F4 81.2±1.4 1.34±0.61
F5 86.2±1.2 1.37±0.44
F6 83.7±1.1 1.73±0.72
F7 88.0±1.3 1.66±0.68
F8 85.8±1.8 1.34±0.44
F9 83.2±2.0 1.51±0.66
F10 86.3±1.5 1.36±0.86
F11 82.9±1.3 1.74±0.53
F12 81.8±1.6 1.66±0.40
F13 83.1±1.0 1.54±0.46
F14 91.58±1.3 1.64±0.32
F15 88.2±1.2 1.77±0.41

Table 3:  Entrapment Efficiency (%) and Drug Loading Capacity.

Figure 2c:  Ex vivo study of drug release pattern from the intestine of Goat.
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This demonstrates the precision of the measurements and the 
reliability of the reported data.

Inhibition of Protein Denaturation

Resveratrol SLN and Resveratrol Pure Drug successfully 
prevented heat-induced protein denaturation, according to this 
study's findings. Table 4 demonstrates that Resveratrol Pure Drug 
and Resveratrol SLN exhibited a 55.41% and 77.82% inhibition, 
respectively, with a significant (p<0:001), whereas diclofenac 
sodium at 500 μg/mL resulted in an 81.48% inhibition.

Assay of Cyclooxygenase

The impact of Resveratrol SLN and Resveratrol Pure Drug on 
prostaglandin synthesis was investigated by cyclooxygenase 
activity evaluation. Resveratrol Pure Drug, Resveratrol SLN, 
and Diclofenac sodium all substantially suppressed the 
cyclooxygenase activity at 500 μg/mL (p<0:001), with 63.06%, 
80.58%, and 93.06%, respectively, according to Table 4.

Assay of 5-lipoxygenase
The drugs' effects on leukotriene generation were investigated by 
assessing 5-lipoxygenase activity. Table 4 shows that diclofenac 
sodium, Resveratrol SLN, and Resveratrol Pure Drug all 
significantly reduce 5-lipoxygenase activity (p<0:001), with 
67.64%, 81.15%, and 91.36% of the activity, respectively.

Stability Study
Over the course of three months, the optimised formulation SLN 
F3 was subjected to two conditions: 25ºC±2ºC / 60% RH±5% RH 
and 40ºC±2ºC / 75% RH±5% RH. The parameters being studied 
were appearance, particle size, zeta potential, and encapsulation 
efficiency. Table 5 shows that SLN F3 was consistent for the first 
month, but that the formulation altered somewhat during the 
second and third months, but not considerably. A faint yellowish 
hue replaced the milky one. Although the zeta potential did not 
vary much, the entrapment efficiency dropped dramatically as 
the particle size rose slowly. At a temperature of 40ºC±2ºC and a 
relative humidity of 75%±5%, the SLN F3 took on a pinkish hue 
and the liquid become gooey after three months. In comparison 

Treatment Dose (μg/
mL)

Activity Percent Inhibition

Protein 
Denaturation

COX 5-LOX Protein 
Denaturation

COX 5-LOX

Control - - - - - - -
Diclofenac 
Sodium

100 0:133±0:002c 0:011±0:44c 0:029±0:005c 81.48 93.06 91.36

Resveratrol Pure 
Drug

500 0:231±0:023c 0:037±0:003c 0:064±0:003c 55.41 63.06 67.64

Resveratrol SLN 
(Optimized 
Formulation)

500 0:115±0:003c 0:020±0:001c 0:038±0:009c 77.82 80.58 81.15

A significant difference relative to the control group (i.e., blank nanoparticles) is indicated by bp<0:001 and cp<0:001; measurements are given as the mean±SEM of 
triplicates.

Table 4:  Effect of Resveratrol Pure Drug and Resveratrol SLN (Optimized Formulation) with Standard sample Diclofenac Sodium on protein 
denaturation, Cyclooxygenase (COX), and 5-Lipoxygenase (LOX) inhibition.

25ºC±2ºC / 60% RH±5% RH
Parameters 0 Day 30 Days 60 Days 90 Days
Appearance Milky Milky Milky Light Yellow
Particle Size 149.9±5.9 nm 151.4±6.2 nm 151.8±5.5 nm 152.4±8.5 nm
Zeta Potential -30.9±2.6 mV -30.9±3.6 mV -30.4±2.1 mV -31.7±8.4 mV
Entrapment Efficiency 91.8±1.7% 91.4±1.6% 90.8±1.5% 90.1±2.1%

40ºC±2ºC / 75% RH±5% RH
Parameters 0 Day 30 Days 60 Days 90 Days
Appearance Milky Milky Light Yellow Pink
Particle Size 149.9±5.9 nm 154.6±4.8 nm 158.9±6.8 nm 162.8±9.7 nm
Zeta Potential -30.9±2.6 mV -31.4±2.8 mV -31.8±3.4 mV -32.4±7.6 mV
Entrapment Efficiency 91.8±1.7% 90.4±2.8% 88.5±2.7% 84.5±3.4%

Table 5:  Stability Study Data of the Optimized Formulation.
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to stability at 40ºC±2ºC / 75% RH±5% RH, the results showed 
that the SLN F3 formulation was more stable at 25ºC±2ºC / 60% 
RH±5% RH.

DISCUSSION

An increase in lipid content at a lower surfactant concentration 
was observed to have a substantial effect on particle size. 
The average formulation particle size grows in relation to the 
concentration of hydrogenated castor oil (Table 2). The surfactant 
solution may not have been able to stabilise the emulsion at the 
lowest concentration, which might explain this. The emulsion 
could be stabilised with a larger concentration of surfactant, 
maintaining a constant particle size, even when the lipid content 
was high. The particle size of the SLNs was found to be greatly 
altered by changing the surfactant concentrations. Table 2 shows 
that, holding lipid concentration constant, the particle size 
decreased as the lecithin concentration increased. The primary 
cause of this impact is the fact that the lecithin solution becomes 

more viscous. The impact of strong shear during emulsification 
causes a diminution in droplet size. Also, the surface energy is 
lowered because the droplets prefer to agglomerate. Nevertheless, 
the emulsion remains stable due to the surfactant molecules' 
ability to build a thick protective barrier around the droplets, 
preventing them from combining.

Particle size was decreased, and agglomeration was prevented 
more efficiently when soya lecithin and span 80 were combined, 
thanks to their synergistic impact. Predictions on the stability of 
colloidal dispersion can be made by measuring the Zeta Potential 
(ZP). As indicated in Table 2, the ZP of the SLNs had a negative 
surface charge because, as previously mentioned, the change 
in the ZP did not significantly vary with a change in either of 
the operational factors. These deductions make it easy to draw 
conclusions on the long-term stability of the distribution.

Combining soya lecithin and span 80 effectively decreased particle 
size and prevented agglomeration. The Zeta Potential (ZP) of 

Figure 3:  SEM of prepared SLN of resveratrol (Figure A represents the image from 200x magnification 
and Figure B represents the image from SEM at 3000x magnification.

Figure 4: Histopathology of the intestine of Goat after the drug release study (Image A refers to 
pure drug and Image B refers to resveratrol loaded SLN).
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SLNs showed a negative surface charge, indicating long-term 
stability of the distribution, despite changes in operational factors.

The occurrence might be attributed to either a reduction 
in nanoparticle size or an increase in the concentration of 
oleic acid. High pressure homogenization followed by low 
temperature solidification was the initial step in preparing the 
nanoparticles. Since solid lipids have a greater melting point 
than liquid lipids, they solidify quickly during low-temperature 
solidification, resulting in a solid lipid core with a randomly 
dispersed distribution of liquid lipids. A drug-enriched shell 
associated with drug burst release in the first stage results from 
a larger concentration of liquid lipids, which, in addition to 
being dispersed in the solid lipid core, would be positioned at 
the outer shell of the nanoparticles. Drug release rate was further 
enhanced because, when liquid lipid was spread into solid lipid, 
the crystalline structure of SLN became more defective, allowing 
pharmaceuticals loaded to be released more easily. Second, its 
size was diminutive.

The study focuses on the use of resveratrol-loaded Solid 
Lipid Nanoparticles (SLN) in enhancing drug delivery. The 

SLN formulation outperformed pure resveratrol in ex vivo 
permeation experiments, with a release rate of 76.65±1.58% 
after 24 hr. The formulation's diffusion through the medium 
significantly impacts the active ingredient's release rate. The lipid 
nanoparticles added to the SLN formulation made the substrate 
more lipophilic, indicating a greater affinity for the nanoparticles. 
The drug release mechanism was determined using mathematical 
models and X-ray diffraction. The SLN F3 formulation was stable 
under two conditions for three months. The drugs' effects on 
prostaglandin synthesis were also investigated, with Resveratrol 
Pure Drug, Resveratrol SLN, and Diclofenac sodium all 
significantly suppressing cyclooxygenase activity at 500 μg/mL. 
The drugs' effects on leukotriene generation were also assessed, 
with diclofenac sodium, Resveratrol SLN, and Resveratrol Pure 
Drug all significantly reducing 5-lipoxygenase activity.

CONCLUSION

The Solid Lipid Nanoparticles (SLN) encapsulating resveratrol 
were meticulously crafted using a reliable manufacturing 
technique known as high-pressure homogenization. This method 

Figure 5:  a) XRD of pure drug, b) XRD of drug loaded SLN.
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ensured the stability and efficiency of the SLN formulations. 
By showcasing a sustained-release profile, the SLN exhibited 
the ability to extend the drug's effects over an extended period, 
thereby enabling a reduced regimen frequency for dosing. 
Through a systematic analysis, this research substantiated the 
anti-inflammatory properties of the SLN in an in vitro setting. 
Various assays focusing on protein denaturation, cyclooxygenase, 
and 5-lipoxygenase inhibition presented a comprehensive 
evaluation of the anti-inflammatory efficacy of both the pure 
drug and the resveratrol-loaded SLN. Remarkably, the findings 
of this investigation underscored the potential of SLN as a 
promising carrier for facilitating the oral delivery of resveratrol as 
an adjuvant with synthetic NSAIDS.
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SUMMARY

This study investigates an oral formulation of resveratrol and solid 
lipid nanoparticles. The formulation was prepared using oleic acid 
as a surfactant and hydrogenated castor oil as the lipid matrix. 
FTIR and DSC techniques were used to study drug interaction 
and physicochemical properties. In vitro anti-inflammatory tests 
were conducted using the Cyclooxygenase and 5-lipoxygenase 
method. A stability study was conducted, and the optimized 
formulation showed good stability and sustained release impact. 
The results suggest resveratrol in oral formulations may be more 
effective and less frequent.
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