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Prevalence of nonalcoholic fatty liver disease (NAFLD) affects more than 25% of the 

populations worldwide. In this study, resveratrol loaded solid lipid nanoparticles (Res-SLNs) 

were prepared by emulsification and were in vitro evaluated. Res-SLN 1 containing gelucire 

and tween 80 was selected for further in vitro and in vivo studies. In vivo studies were done via 

induction of NAFLD in rats with a high fat (HF) diet for 12-weeks followed by a 6-week period 

of treatment with Res-SLN1. Blood samples and liver sections were taken from rats for 

biochemical and histological evaluations. Res-SLN1 exhibited high entrapment efficiency 

(75±22%), small particle size (208±48 nm) and an acceptable release rate. In vivo studies 

demonstrated a remarkable improvement in lipid profile and liver enzyme with Res-SLN1. The 

histological features were significantly improved with Res-SLN1. Res-SLNs represent a 

promising therapeutic approach for NAFLD via prolonging Res release and ameliorating lipid 

profile and liver enzymes. 
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INTRODUCTION 

 

Non-alcoholic fatty liver disease (NAFLD) 

has become one of  the most common chronic 

liver disorders and is recognized to have a 

close, bidirectional association with 

components of metabolic syndrome1. It 

comprises different stages of liver pathologies, 

starting from simple steatosis to nonalcoholic 

steatohepatitis (NASH), then progressing to 

fibrosis, cirrhosis and hepatocellular 

carcinoma2. NAFLD is usually associated with 

obesity, insulin resistance, type 2 diabetes 

mellitus, hypertension and dyslipidemia3. 

Unhealthy habits such as an increased intake of 

carbohydrates and saturated fats and a 

sedentary daily attitude are considered 

important causes of NAFLD. Until now, there 

is no optimum drug treatment for NAFLD4. 

Vitamin E, statins, metformin and pioglitazone 

have demonstrated some benefits in the 

resolution of NAFLD. However, widespread 

use of these drugs has been limited by concerns 

over potential risks of long-term treatment such 

as weight gain, stroke, and prostate cancer. The 

optimal pharmacotherapy for NAFLD remains 

uncertain5. 

Resveratrol (Res) (3, 5, 4/-trihydroxy-

trans-stilbene) is a naturally occurring active 

biomolecule, which belongs to the polyphenol 

family6. It is a non-flavonoid polyphenol and it 

is mainly found in grapes, berries and nuts. The 

role of Res in  the management of NAFLD, 

metabolic syndrome and type II diabetes 

mellitus has been related to its antioxidant and 

anti-inflammatory effect7. Moreover other 

studies spotted a noticeable effect of Res on 

regulating lipid metabolism and modulating 

apoptosis8. 

Like most polyphenols, Res exhibits some 

troublesome properties such as limited water 

solubility, low bioavailability, low oxidative 

stability and photosensitivity that constrain its 

use in pharmacotherapy and limits its efficacy 
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when administered via conventional dosage 

forms9. It has been widely recognized that the 

use of appropriate nano-delivery systems is one 

of the most effective strategies to overcome the 

therapeutic limitations of polyphenolic 

compounds. Among all the reported nano-

delivery systems for phytochemicals, lipid-

based nanocarriers seem to be one of the most 

appropriate delivery systems for hydrophobic 

or lipid-soluble compounds, due to their 

biocompatibility with lipid matrices10. Solid 

lipid nanoparticles (SLNs), as drug carriers, 

have been confirmed to exhibit many 

advantageous features including non-toxicity, 

biocompatibility, high stability, prolonged drug 

release and high bioavailability over traditional 

colloidal delivery systems11. The present study 

aims to establish a solid lipid nanocarrier for 

Res and assess its role in improving of induced 

NAFLD as tested in vivo using a rat model.  

 

MATERIALS AND METHODS 

 

Materials 

Res was purchased from AK Scientific 

Inc. (California, USA). Tween® 80 was 

purchased from Sigma Aldrich, Inc. (St.Louis, 

USA). Precirol® ATO 5 and Gelucire® 50/13 

were provided as gifts by Gattefossé SAS 

(Saint-Priest, France). Biochemical kits for 

Triglyceride (TG), total cholesterol (TC), low-

density lipoprotein cholesterol (LDL), alanine 

transaminase (ALT), alkaline phosphatase 

(ALP), and aspartate aminotransferase (AST) 

were purchased from Biodiagnostic Company 

(Giza, Egypt) and used according to the 

manufacturer’s instructions. All other reagents 

were of pharmaceutical grade. 

 

Preparation of resveratrol loaded solid lipid 

nanoparticles (Res-SLNs) 

Res-SLNs were prepared by the 

emulsification method12. Two formulations 

were prepared: Res-SLN1, which was 

composed of Gelucire® 50/13 as the solid lipid 

and Res-SLN2, which was composed of 

Precirol® ATO 5 as the solid lipid. In both 

formulations Tween 80 (5% w/v) was used as 

the surfactant. All the other formulation 

variables were kept constant. The solid lipid  

(1.5 g which corresponds to 5% w/v) was 

heated to a temperature 5–10°C above its 

melting point (50°C for gelucire and 55°C for 

precirol) forming the lipid phase. 20 mg of Res 

was added to the lipid phase. An aqueous phase 

was prepared by dissolving 1.5 g of Tween 80 

in distilled water to form a final concentration 

of 5% (w/v). The aqueous phase (30 mL) was 

heated to the same temperature as the lipid 

phase (60°C). The hot aqueous phase is then 

added to the molten lipid phase under magnetic 

stirring; this stage produces a hot coarse o/w 

emulsion. Further particle size reduction was 

achieved via a homogenizer (Bio-Gen PRO200, 

Connecticut, USA) at 21000 rpm for 20 min. 

The obtained formulation was stored overnight 

in the fridge until further characterization. 

 

Determination of mean particle size, 

polydispersity index (PDI) and zeta potential 

The mean particle size, polydispersity 

index (PDI) and zeta potential of Res-SLNs 

were determined using the Malvern® Zetasizer 

Nano ZS90 (Malvern® Instruments Limited, 

UK) at 25°C. Before measurement, samples 

were diluted with distilled water and vortexed 

for 1 min. Measurements were performed in 

triplicate using a 90° scattering angle.  

 

Determination of entrapment efficiency (EE) 

To determine EE, dialysis bag  method 

was used13. This method allows direct 

measurement of EE and is based on the idea of 

separating the unentrapped drug from the drug 

entrapped in SLN via a dialysis bag instead of 

centrifugation14,15. A certain volume of the 

formulation (0.5 mL) was placed inside the 

dialysis bag (Mwt cut-off:12-14 kDa) to be 

placed in a beaker containing distilled water 

(100 mL). The system was allowed to stir on 

the magnetic stirrer for 2 h. This time is 

sufficient to allow the free Res to diffuse out of 

the dialysis bag to the dialysis medium 

(distilled water). Afterwards, the content inside 

the dialysis bag was collected and 200 μl was 

withdrawn and added to a 10 ml 

chloroform/methanol mixture (1:4) in order to 

digest the lipids and allow the drug to be 

released. Res content was determined 

spectrophotometrically (Shimadzu, the model 

UV-1800 PC, Kyoto, Japan) at λ max =305 nm 

against blank SLNs by the following equation:  

 

 

𝐸𝐸(%)

=
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑅𝑒𝑠 𝑐𝑜𝑛𝑡𝑛𝑒𝑡 𝑖𝑛 𝑆𝐿𝑁𝑠 

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑐𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑅𝑒𝑠 𝑖𝑛 𝑆𝐿𝑁𝑠
    

                                  × 100 
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Differential scanning calorimetry (DSC) 

DSC patterns were conducted for pure 

Res, gelucire 50/13, freeze dried blank SLNs 

and Res-SLNs using Shimadzu DSC TA-50 

ESI DSC apparatus (Tokyo, Japan) at a 

scanning rate of 10 °C/min from 30°C to 350°C 

under a nitrogen gas stream at a flow rate of 40 

ml/min using 4–8 mg of sample. 

 

Fourier-Transform Infrared Spectroscopy 

(FT-IR) 

FT-IR spectra of Res, gelucire 50/13, 

freeze dried blank SLNs and Res-SLNs were 

recorded on a Thermo Scientific™ Nicolet™ 

iS-50 Fourier-transform infrared spectrometer 

sample holder and subjected to FT-IR 

spectroscopy in the wavelength region between 

4000 and 500 cm-1 with 4 cm-1 resolution. The 

absorbance and intensity of the characteristic 

peaks for the aforementioned samples in 

spectral regions of interest were identified and 

recorded. 

 

In vitro drug release study 
Dialysis bag method was used to 

determine cumulative drug released in different 

release media (phosphate buffer saline (PBS, 

pH 7.4), simulated gastric fluid without pepsin 

(pH 1.2) and enzyme-free simulated intestinal 

fluid (pH 6.8)16. Res-SLNs (1 mL) were placed 

in the dialysis membrane, which was sealed 

from both ends and put in a beaker containing 

100 mL of release medium. The system was 

maintained for 48 hrs at 37°C in a 

thermostatically controlled shaker water bath at 

50 rpm (Gesellschaft Labor Technik M.B.H. 

&Co., GFL. Germany). Samples (5 mL) were 

withdrawn at predetermined time intervals and 

replaced with fresh medium. The released drug 

was measured spectrophotometrically (λ max 

=305nm). The release experiment was run in 

triplicate against a blank formulation similarly 

treated. 

 

Morphology of Res-SLNs 

The morphology of selected Res-SLNs 

was observed by transmission electron 

microscopy (TEM; JEOL JEM-1010S, Tokyo, 

Japan). Formulation was placed on a carbon-

coated copper grid and the excess was 

removed. After drying on the grid, the sample 

was observed by TEM and photographed. 

 

 

In vivo study   

The experiment was carried out on 18 

Sprague-Dawley male rats (200 ± 20 g). Rats 

were randomly assigned to the study and then 

separated into plastic cages. The rats were kept 

in 12 h light/dark cycles in temperature-

controlled rooms and they had ad libitum 

access to food and water. Rats had one week of 

acclimatization before the experiment. Rats 

were divided into three groups: a negative 

control group (Group I) that received a standard 

chow diet, a high-fat diet, (HF) group (Group 

II) that received a high fat diet for 12 weeks 

and a treated group (Group III) that received a 

high fat diet for 12 weeks followed by 

treatment with the selected Res-SLNs 

(20mg/kg/day, p.o.) for 6 weeks. High-fat diet 

was prepared by adding 30–40% butter fat  and 

1% cholesterol to standard chow diet17. The 

high-fat diet, which had 50% fat compared to 

the standard chow diet (only 10 % fat), was 

freshly prepared every 3 days and kept at 4°C.  

At the end of the experiment, the rats were 

fasted for 12 h prior to sacrifice and the 

procedure was conducted under deep 

phenobarbital anesthesia. Animal experiments 

were approved by the Local Ethical Committee 

on Animal Testing in Assiut, Faculty of 

Medicine (approval No. 17200772 dated 

11/10/2022).  

 

Biochemical Analysis  
4 mL of blood was collected from the 

retro-orbital plexus of rats using a heparinized 

capillary tube and a clean dried centrifuge tube. 

After 20 min, the blood was centrifuged for 15 

min at 4 °C and 3000 rpm. Serum was quickly 

collected and frozen at −20 °C until 

biochemical analysis. Triglyceride (TG), total 

cholesterol (TC), low-density lipoprotein 

cholesterol (LDL), alanine transaminase (ALT), 

alkaline phosphatase (ALP), and aspartate 

aminotransferase (AST) were assayed 

spectrophotometrically (Jenway, UV-6305, 

Ltd.; Feslted, Dunmow, UK).  

 

Histological study        
Histological investigations were conducted 

to confirm the biochemically associated 

changes. After the sacrifice of the rats, their 

livers were extracted, and inspected.  Portions 

of the liver from the left lateral lobe were 

dissected and processed for light microscopic 

examinations.  
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Fixed liver samples were processed in the 

Zoology Department, Faculty of Science, 

Assiut University, according to standard 

staining procedures. A piece of the left lateral 

lobe of the liver was taken and immediately 

fixed in 10% buffered formaldehyde for 24 h. 

The fixed specimens were then trimmed, 

washed and dehydrated in ascending grades of 

alcohol. Specimens were then cleared in 

xylene, embedded in paraffin, sectioned at 4-6 

microns thickness, and processed to be stained 

with hematoxylin and eosin (H&E) for 

inspection of liver histoarchitectural features, 

and Masson trichrome for detection of liver 

fibrosis. Slides of liver sections were examined 

by a light microscope and photographed. 
 

Statistical analysis 

Data were presented as mean ± SD and 

comparisons between the means were done 

using unpaired t-tests and one way ANOVA 

followed by a post hoc Tukey test using Graph 

Pad Prism Software version 6.0 (USA), where 

p ≤0.05 was considered statistically significant. 

 

RESULTS AND DISCUSSION 

 

Results 

Preparation of Res-SLNs  

The emulsification method followed by 

homogenization was carefully chosen for the 

preparation of SLNs as it is a reliable, simple, 

and reproducible method without fearing from 

the incomplete evaporation of organic solvents 

in other preparation methods18.  Selection of a 

suitable lipid and surfactant was based on two 

major criteria: maximizing entrapment and 

minimizing particle size. Preliminary studies 

were done using different lipids such as 

compritol 888, geleol, precirol ATO5 and 

gelucire 50/13 at different concentrations 

(unpublished data). It was observed that 

precirol ATO5 and gelucire 50/13 (at 5% w/v) 

displayed higher EE amongst the other lipids 

and concentrations. Tween 80 was used at a 

concentration of 5% w/v, which demonstrated 

acceptable stabilization of the formulated 

SLNs. Accordingly; two formulations of SLNs 

were selected for further in vitro 

characterization. 

 

In vitro characterization of Res- SLNs 

In vitro characterization parameters of the two 

fabricated Res-SLNs are shown in (Table 1). 

The only difference in the two formulations 

was in the lipid type while all the other 

variables were kept constant.  First of all, the 

study revealed that the lipid type had a 

significant effect on particle size with Precirol 

ATO5 yielding larger nanoparticles (304±28 

nm) compared to SLNs prepared using gelucire 

50/13 (208±48 nm). This might be attributed to 

the lower melting point of the former leading to 

less viscosity of the molten lipid phase, leading 

to smaller size19. Res-SLN 2 showed non-

significant lower EE than Res SLN 1. Gelucire 

is composed of a diverse structure of fatty acids 

which imparts disorder in the lipoidal structure 

thereby providing spaces for active compound 

accommodation20. 

Finally Res-SLN 1 depicted lower PDI 

values than that of Res-SLN2 and the zeta 

potential did not significantly vary between the 

two SLNs showing a high negative surface 

charge. The negative sign could be attributed to 

the free fatty acid present on SLN surface. 

Nonionic surfactants do not confer charge to 

the particle but sterically stabilizes the SLN by 

forming a coat around their surface. In addition, 

presence of gelucire, a hydrophilic lipid, could 

have helped in the formation of solvent sheath 

and imparted rigidity to interface due to 

formation of hydrogen bonds with the 

surrounding aqueous phase21. Accordingly, 

Res-SLN1 was chosen for further in vitro and 

in vivo studies. 

 

Table 1:  Characterization of the two prepared Res-SLNs. 

Formulation 
Particle size 

(nm) 

Zeta potential 

(mV) 
PDI EE (%) 

Res-SLN1 208 ± 48 -18 ± 3 0.355 ± 0.01 75.7 ± 22 

Res-SLN2 304 ± 28 -22.4 ± 0.4 0.516 ± 0.11 70.3 ± 4 
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Differential scanning calorimetry (DSC) 

The DSC thermogram of Res showed a 

sharp endothermic peak at 268°C, 

corresponding to its melting point (Fig. 1).  At 

44 °C, a peak was observed owing to the 

melting point of gelucire 50/13. Both the Res-

SLN1 and the blank SLNs showed quite similar 

thermograms, with the drug peak disappearing 

in Res-SLN1. This may be due to the 

incorporation of the drug into the lipid matrix22. 

Previous studies have postulated that the 

disappearance of the drug peak in the prepared 

SLNs could be a result of the solubilization of 

the drug in the lipid phase6 or the conversion of 

the drug from the crystalline state to a 

molecularly dispersed amorphous state within 

the nanoparticle formulations23.  

 

Fourier-Transform Infrared Spectroscopy 

(FT-IR) 

The IR spectra of different components of 

SLNs, blank SLN1 and Res- SLN1, are shown 

in (Fig. 2). The IR spectrum of pure Res shows 

a broad band at 3239.2 cm-1, corresponding to 

OH stretching of the phenolic group with 

intermolecular H bonding and a sharp band at 

1606 cm-1, indicating C=C stretching of the 

aromatic ring. As for gelucire 50/13, it shows a 

broad band at 3350 cm-1, correlating with O-H 

and forked band for N-H stretching at 3000 cm-

1. Comparing the spectra of blank SLN1 and 

Res-SLN1, it can be deduced that the vibration 

bands from 500 cm-1 to 1750 cm-1 are quite 

similar, with the absence of new peaks 

indicating no clear interaction between Res and 

the components24. 

 

 
Fig. 1: DSC thermograms of Res, gelucire, balnk SLN1 and Res-SLN1. 

 

 

Fig. 2: FT-IR spectra of Res, gelucire, blank SLN1 and Res-SLN1. 
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In vitro drug release study 

The in vitro release profile of Res-SLN1 

was conducted in simulated gastric fluid (pH 

1.2) (Fig. 3a),  simulated intestinal fluid (pH 

6.8) (Fig. 3b) and phosphate buffer saline (pH 

7.4) (Fig. 3c). At pH 1.2, it is noticed that the 

SLNs released less than 20% of Res after 2 h, 

which is the expected resident time of the SLNs 

in the stomach. This implies that the lipid 

nanoparticles are able to remain intact within 

the stomach with a small percent of Res 

released. At pH 6.8, the release of Res was 

around 40% after 12 h. A similar profile was 

seen at pH 7.4, where the cumulative % of drug 

released after 48 h was 42%. SLNs are well 

known to exhibit a biphasic release profile with 

an initial burst release that occurs due to the 

diffusion of the drug that is allocated in the 

outer surfactant layer, followed by sustained 

release owing to the diffusion of the drug from 

the lipid core25. The sustained release effect 

seen in Res-SLN1 may be due to the large 

amount of lipoidal core that solubilizes the drug 

and keeps it dwelling within the lipid matrix of 

the SLN. High concentration of the lipid phase 

(5% w/v) yields more rigid solidified 

nanoparticles, which would also slow down the 

drug diffusion to the dissolution medium26. 

This goes in concordance with the study 

conducted by Cho et al.27 , who observed that at 

pH 7.4, the release of docetaxel from SLN after 

24 hours  was  only about 40%, and this was 

attributed to the slow diffusion of the drug from 

the lipid core.  

 

Morphology of Res-SLNs 

The formulated Res-SLN1 showed a 

nearly spherical structure (Fig.. 4), which is in 

concordance with several reported studies 

revealing that most SLNs appear as spherical or 

nearly spherical structures in conventional 

TEM28. 

 

 
Fig. 3:  In vitro release profile of Res-SLN1 in different release media: (a) pH 1.2. (b) pH 6.8 and (c) 

pH7.4. (Data are represented as mean of triplicate values of cumulative % of Res released  ±  SD,). 
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Fig. 4: Transmission electron microscope (TEM) image of Res-SLN1 (bar=500nm). 

 

In vivo study   

Biochemical Analysis  

Serum lipid profile and liver enzymes 

NAFLD is closely associated with 

metabolic disorders, including central obesity, 

dyslipidemia, hypertension, hyperglycemia and 

persistent abnormalities of liver function tests. 

Measuring serum lipid profile and liver 

enzymes would be a primary noninvasive 

indicator of the possible development of this 

disease29. In this study, it was observed that rats 

fed a high fat (HF) diet depicted a significant 

increase in TC, TG and LDL (Fig. 5a-c) 

compared to the control group. Interestingly, 

Res-SLNs were able to induce a significant 

drop in the aforementioned parameters (TC, TG 

and LDL). 

Similar effects were seen in liver enzymes.  

The group treated with Res-SLN1 revealed a 

significant decrease in liver enzymes (ALT, 

AST and ALP) compared to that of the HF 

group (Fig. 5d-f)  returning back to almost 

normal values of the control group. Res has 

been reported to have significant effects on 

lipid metabolism. Previous research work has 

suggested that this may be due reduced fat 

accumulation either in isolated adipocytes or in 

adipose tissue and liver, increased fatty acid 

oxidation in skeletal muscle and reduced serum 

lipids induced by this polyphenol l30. Moreover, 

this effect could be further improved as the 

drug is loaded in SLNs. This is because, unlike 

most other tissues, the liver does not exhibit an 

impermeable basal lamina. Hence, in the 

absence of interfering mechanisms such as 

aggregation or protein binding, the majority of 

nanoparticles with an approximate size of 200 

nm exhibit rapid passive liver accumulation of 

the drug following systemic administration31.  

 

Histological study 

Based on the histological observation of 

the liver sections stained with hematoxylin and 

eosin (H&E), the control group displayed 

regular cellular morphology, distinct 

hepatocytes, no lipid accumulation, and no 

histological abnormalities (Fig. 6a). In contrast, 

the liver tissues of the HF group exhibited 

extensive cytoplasmic vacuole formation and 

ballooning, together with disorientation in the 

liver cords. The fat vacuoles appeared 

intracellularly, pushing the nucleus towards the 

edge of the cell, forming what is known as a 

signet ring appearance ((Fig. 6c). Additionally, 

inflammatory cell infiltration was noticed in the 

photomicrograph of the HF group ((Fig. 6d). 

This reveals that induced NAFLD has 

progressed from the initial stage of steatosis to 

steatohepatitis32. Fibrosis was seen prominently 

in the HF group ((Fig. 6e), as indicated by a 

strong positive green reaction of Masson 

trichrome stain, as opposed to minimal 

appearance of collagen fibers in the control 

group ((Fig. 6b). This goes in agreement with 

Maciejewska et al.33, who stated that the stage 
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of liver fibrosis begins to appear after 12 weeks 

of administration of HF diet. 

After a six-week treatment with Res-

SLN1, the third group of rats starts to show an 

improvement in liver architecture and 

orientation in liver cords and a decrease in 

hepatocyte ballooning when compared to the 

HF group ((Fig. 6f). Furthermore, this group 

has shown a decrease in fibrosis ((Fig. 6g) in 

comparison with the HF group. Previous 

studies have suggested that Res has shown a 

positive effect in attenuating induced 

NAFLD30&34,  and this effect was attributed to 

its strong antioxidant abilities and its effect on 

fat oxidation and metabolism35. However, its 

use has been constrained by its challenging 

pharmacokinetic properties. The present 

research work focused on improving the 

delivery of Res to the target site (the liver) via 

incorporating it in SLNs, thereby maximizing 

its efficacy in managing NAFLD and 

overcoming its limiting properties such as poor 

water solubility and poor bioavailability. 

Unlike most other tissues, liver tissue is known 

for containing sinusoidal fenestrae. Hence, in 

the absence of interfering mechanisms such as 

aggregation or protein binding, the majority of 

nanoparticles with particle sizes of around 200 

nm exhibit rapid passive liver accumulation 

following systemic administration31. A study 

conducted by Wang et al., who formulated 

sorafenib SLNs, supports this hypothesis. It 

was observed that better hepatic accumulation 

of sorafenib is achieved after oral 

administration when the drug is formulated as 

SLNs  compared to sorafenib suspension36. 

This could be a possible explanation for why 

the prepared Res-SLN1 exhibited positive 

outcomes in managing induced NAFLD in rats 

in such a short period of time (6 weeks). 

 
 

 
Fig. 5: Serum lipid profiles: (a) TC (total cholesterol) (b) TG (triglycerides), (c) LDL (low density lipoproteins) 

and values of liver enzymes: (d) ALT (alanine transaminase) AST (aspartate aminotransferase), (f) 

ALP (alkaline phosphatase) in studied groups. * difference is significant compared to negative control 

group at p< 0.05, #: difference is significant compared to HF group at p< 0.05. 
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Fig. 6: Photomicrographs of the liver tissue (a) Control group showing normal liver architecture of liver lobules 

surrounding the central vein (CV), X200, with higher magnification on the top right, showing normal 

hexagonal hepatocytes containing a round vesicular nucleus (1000 X). (b) Normal liver tissue showing 

minimal fibrosis. X100. Masson trichrome. (c) HF group showing ballooning of hepatocytes at X200 

with higher magnification at X1000 on the top right showing signet ring appearance (arrows) of liver 

cells. H&E. (d) HF group showing steatosis; many hepatocytes appear as a signet ring (arrows), fat 

vacuoles (head arrow), and inflammatory cells (short arrows) X400. H&E. (e) HF group showing 

prominent fibrosis X200. Masson trichrome. (f) Group III treated with Res-SLN: start to regain normal 

orientation of cords with less ballooning in hepatocytes X200. H&E stain. (g) Group III shows a 

decrease in amount of fibrosis. X200. Masson trichrom. 

 

Conclusion  

The present study aims at augmenting the 

efficacy of Res in mitigating the damage done 

to the liver cells in NAFLD. Solid lipid 

nanoparticles containing Res were successfully 

prepared using emulsification technique 

followed by homogenization. Res-SLN1 

exhibited small particle size, high EE and a 

sustained release pattern at pH 7.4. The current 

in vivo studies showed impressive results in 

ameliorating biochemical parameters in the 

form of lowered serum lipid profiles and liver 

enzymes compared with control groups. 

Moreover, the histological features that are 

associated with NAFLD showed significant 

improvement in the form of a decrease in 

hepatocyte ballooning and liver architecture 

restoration. It can be deduced that Res-SLN1 

has obviously improved the overall action of 

Res in the treatment of NAFLD. Further 

research work is to be conducted to focus on 

exploring various formulations to achieve the 

most optimal lipid based nanoparticles.   
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