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ABSTRACT: The obstacles behind the usage of silymarin (SYL) against liver ailments has a limited oral 

bioavailability due to its weak water solubility and low membrane permeability, which restricts its 

therapeutic potential. Develop and test safe, biocompatible, Silymarin dehydroemtine-loaded chitosan 
nanoparticles (SYL-DH-CNPs) for hepatic administration in order to increase anti-fibrotic activity in rats 

with CCl4-induced liver fibrosis. The SYL-DH-CNPs was synthesized using the ionotropic gelation 

procedure, and they are assessed for particle size, shape, and zeta potential analysis. Successfully 

formulated SYL-DH-CNPs was subjected to in vivo evaluation to determine their therapeutic efficacy for 

30 days of animal studies. The in vivo study showed that the synthesised SYL-DH-CNPs had a strong 

antifibrotic therapeutic efficacy against CCl4 -induced hepatic damage in rats. The liver functions, 

inflammatory markers, antioxidant pathway activation, and lipid peroxidation reduction in SYL-DH-

CNPs -treated rats were all significantly improved. They also had a healthy body weight, normal liver 

weight and liver index values, and reduced lipid peroxidation. Histopathology analysis confirmed the anti-

fibrotic properties of SYL-DH-CNPs. Overall the findings suggested that SYL-DH-CNPs are the most 

effective carrier to target liver cells elevating the bioavailability at desired site and in the management of 

hepatic fibrosis. 
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INTRODUCTION 

The liver is one of the most prevalent organs in the 

human body. Bile secretion, detoxification, and the 

metabolism of fat, protein, and carbohydrates are the 

liver's main functions. Less is available in terms of 

contemporary medication for the principal site (Liver) 

for intensive metabolism and excretion (Noyan et al., 

2006; Thakur and Kapadnis 2021). Hepatic diseases are 

any physiochemical, biochemical, and morphological 

deviations from the liver's typical function. Liver 
disease refers to any abnormality in liver function that 

causes illness. The liver performs a number of crucial 

physical functions, and if it gets sick or is damaged, 

those functions may stop, which might be extremely 

harmful to the body. Liver disease is sometimes 

referred to as hepatic disease (Reddy et al., 2019; Sethi 

et al., 2021). Globally, chronic liver disease (CLD), 

which includes a wide range of illnesses with different 

or unidentified aetiologies, is the main cause of death. 

In the world, liver cirrhosis complications were directly 

responsible for 1.32 million deaths in 2017 (Laouar et 

al., 2017). Hepatic fibrosis is described by Akçal as a 
dynamic pathophysiological process that is 

characterised by intrahepatic connective tissue 

dysplasia and results from sustained and chronic liver 

damage brought on by a variety of pathogenic factors 

(Jiao et al., 2009), such as viral hepatitis, alcohol use, 

nonalcoholic fatty liver disease (NAFLD), nonalcoholic 

steatohepatitis (NASH), and toxic chemicals like 

carbon tetrachloride (CCl4). Liver fibrosis may 

eventually progress to cirrhosis and liver cancer, both 

of which are deadly in their advanced stages (Arfmann 

et al., 2015). Extracellular matrix (ECM) proteins like 

collagen, fibronectin, and matricellular proteins are 

overproduced by activated hepatic stellate cells (HSCs) 

during hepatic fibrogenesis, which results in structural 

and functional abnormalities in the liver and is a key 

component of a cirrhotic liver. A significant 
hepatoprotective compound called silymarin (SLY) is 

obtained from milk thistle (Silybum marianum (L.) 

Gaertn) seeds. The biggest drawback of taking SIL 

orally is its limited absorption, despite its 

hepatoprotective effects (Choi et al., 2009). The weak 

water solubility at stomach pH, poor permeability 

through the gut epithelial cells, and quick elimination of 

SIL may be the causes of its limited bioavailability 

(O’Reilly et al., 2016). Many SLY formulations have 

been created to enhance the bioavailability of SLY in 

order to get around this problem. Dehydroemetine 

(DH), a synthetic antiprotozoal medication, is similar to 
emetine in structure and anti-amoebic properties (the 

key difference being a double bond next to the ethyl 

group), but it has less side effects (Jiang et al., 2019). It 

is made by Roche for the American market. It used to 

be prescribed by the Centers for Disease Control as an 

experimental drug for metronidazole-resistant 
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amoebiasis, but they no longer do (Hobert, 2008). The 

bioavailability and therapeutic effects of SLY may be 

significantly enhanced by the nanotechnology 

technique (Liu et al., 2018). In our earlier work, we 

effectively created SIL-loaded gold nanoparticles with 
high loading and entrapment capacities, and the in vivo 

investigation supported the increased anti-fibrotic 

actions (Ji et al., 2015; Supriono et al., 2019). Chitosan 

(CH) was chosen in the current investigation to 

overcome the gastrointestinal barriers to SLY 

bioavailability. The polymer chitosani, which is derived 

from natural sources, has a wide range of functional 

groups, mucoadhesive properties, the ability to enhance 

permeation, controlled drug release, and efflux 

inhibition (Mohseni et al., 2019). Ch is a prospective 

candidate who satisfies the requirements for an efficient 

SIL delivery method because of all of these 
characteristics (Zhang et al., 2019). It has been noted 

that chitosan nanoparticles (CNPs) have stronger 

immune-stimulating, anticancer, and antibacterial 

effects than those of Ch (Gjorgjieva et al., 2020). The 

goal of the current investigation was to create and 

characterise silymarin-chitosan nanoparticles (SLY-

DH-CNPs) that could deliver silymarin to target liver 

cells in an effective and targeted manner. In a rat model 

of CCl4-induced liver fibrosis, we looked into SLY-

DH-CNPs' capacity to increase silymarin's oral 

administration and bioavailability as well as their anti-
fibrotic activity in comparison to native SIL (Roulot et 

al., 1999). 

MATERIALS AND METHODS  

The Regents and chemicals along with Silymarin 

medication powder and Dehydroemetine were acquired 

from Taj Pharmaceutical Industries (Hyderabad, India). 

Chitosan (deacetylation 75%, MW 160.16 (kDa)) and 

sodium tripolyphosphate (MW 367.86) were acquired 

from Oxford Lab Chem in Maharashtra, India 

(Mumbai, India). The highest analytical grade of 

additional substances and reagents was employed 

throughout the studies. 

A. Synthesis of SLY-DH-CNPs 

Chitosan nanoparticles (SLY-DH-CNPs) loaded with 

silymarin Dehydroemetine were created using the 

ionotropic gelation technique. In this procedure, 

negatively charged polyanion groups reacted with 

positively charged chitosan. In this experiment, LMW 

chitosan was dissolved in 100 mL of a 2% acetic acid 

aqueous solution to create a 2 mg/mL chitosan solution 

(i.e., 200 mg of chitosan was dissolved in 100 mL of 

acetic acid) [16]. Using a 1.0 M NaOH solution, the pH 

of this chitosan solution was brought down to 5. The 
mixture was stirred for around 40 minutes. Silymarin 

(SLY) and Dehydroemetine (DH) (10 mg) were 

dissolved in 1 mL of ethanol and sonicated for 2 

minutes to create the drug solution. This solution was 

then added dropwise slowly into the chitosan solution, 

followed by the addition of 20 mL of TPP solution. 

Using 0.1 M HCL and steady stirring for three hours at 

a speed of 500 rpm with a magnetic stirrer, the pH of 

this solution was brought down to 5. Centrifugation of 

the nanoparticle suspension took place for 30 minutes at 

15,000 rpm and 10 °C. The pellets were cleaned twice, 

redistributed in a constant amount of 10 mL of Milli-

Q® water (Medical Nanotechnology Laboratory), 

sonicated for 20 min., and the supernatant was collected 
for measurement of free SLY-DH. This suspension was 

subsequently diluted by ten times in three millilitres, 

sonicated for ten minutes, and examined for 

characteristics including particle size, size distribution, 

and zeta potential. D-mannitol was added as a 

cryoprotectant to the undiluted nanoparticles before 

being lyophilized with an Alpha 2-4 LD plus CHRIST 

lyophilizer (Germany) to prevent particle aggregation 

(Fukushima et al., 2007). 

CHARACTERIZATIONS OF SLY-DH-CNPS 

A. Transmission Electron Microscopy Analysis 

Transmission electron microscopy was used to examine 
the size and morphological characteristics of SLY-DH-

CNPs (TEM). Using a formvar carbon-coated 200 mesh 

copper TEM grid, a few drops of diluted SLY-DH-

CNPs solutions were applied. The grid was then 

negatively stained for 10 minutes with 1% uranyl 

acetate and lead acetate (w/v) before being let to dry. 

The instrument was adjusted after inserting the grid into 

the specimen holder. Transmission electron microscopy 

(TEM) pictures of NPs were captured using a JEOL-

JSM-1400 PLUS (Peabody, MA, USA) (Robinson et 

al., 1988). 

B. SEM (Scanning Electron Microscopy) Analysis  

The created SDNPs nanoformulation's shape and 

structure were investigated using a SEM, the Nova 

Nano SEM 450, from Germany. Prior to the SEM 

analysis, the formulations were lyophilized using a 

freeze-dry lyophilizer (REMI, New Delhi, India). The 

dried formulations were then attached to a SEM stub 

using dual adhesive tape utilising a sputter (KYKY 

SBC-12, Beijing, China) at 50 mA for 5 to 10 minutes 

(Hafez et al., 2017). The developed SLY-DH-CNPs 

nanoformulation was photographed using a SEM 

equipped with a secondary electron detector. 

C. Dynamic Light Scattering and Zeta Potential 

Analysis  

Particle size (hydrodynamic diameter) and 

polydispersity index (PDI) were determined using 

dynamic light scattering (DLS), and ZP measurements 

of SLY-DH-CNPs were carried out three times for each 

sample at 25°C on a Zetasizer Nano ZS (Nano and zeta 

Sizer Malvern, Grove, UK) with a backscattering 

detection angle of 173°. The nanoparticle samples were 

sonicated and diluted with ultrapure distilled water 

before analysis (Liu et al., 2018). 

D. Drug Entrapment Efficiency and Loading Capacity  

Entrapment efficiency is the proportion of 

pharmaceuticals that are trapped inside the 

nanoparticles to all medications (EE). In a nutshell, 10 

mL of SLY-DH-CNP suspension were spun at 15,000 

rpm for 30 minutes at 4 °C to separate it from the SLY-

DH-containing aqueous medium. The sample was then 

re-mixed with ultra-pure water. A UV 

spectrophotometer was used to measure the 



Arjariya   et al.,               Biological Forum – An International Journal     15(3): 161-168(2023)                                          163 

concentration of SLY-DH in the supernatant at 287 nm 

after it had been diluted. Standard SLY-DH 

concentrations were plotted against absorbance to 

create a calibration curve (Bansal and Chamroonkul 

2019). The following equations were used to determine 
the drug loading capacity (LC%) and effective exposure 

(EE%) of SIL in SLY-DH-CNPs (Ebrahimi et al., 

2018). 

EE % = (Amount of SIL added − free SIL in 

supernatant)/ Amount of SIL added × 100  

LC % = (Amount of SIL added − free SIL in 

supernatant)/ Nanoparticles weight × 100 

E. In Vitro Drug Release Study  

The in vitro release of SLY-DH-CNPs was examined 

for 48 hours at various pH levels of 5 and & for both 

qualitative analysis and concurrent toxicity analysis. 

After inserting the dosage form of SLY-DH-CNPs into 
the release media, which is maintained at a constant 

temperature, the release of the pharmaceuticals is 

assessed by sampling and SLY-DH detection in the 

release media. In a nutshell, 10 mg of the dry powdered 

produced SLY-DH-CNPs sample was dissolved in 10 

mL of PBS containing 0.1% tween 20 (Gillessen and 

Schmidt 2020). It was then incubated at 37°C and 250 

rpm in a shaking water bath. To keep the total volume 

constant until the end of the experiment and analyse the 

release kinetics of the SLY-DH, 5 mL of supernatant 

was removed at the time intervals 1, 2, 4, 8, 12, 16, 18, 
20, 22 and 24 and replaced with 5 mL of fresh 

dissolving medium at 37 0.5°C. By measuring the 

absorbance of solutions at 287 nm, the medication 

released in these fractions was assessed. By translating 

the drug concentration into a percentage of the total 

drugrelease using the formula below, the drug release 

statistics were adjusted (De Avelar et al., 2017). 

% of cumulative drug release = Released SIL from NPs 

at time/ Amount of SIL added in NPs × 100 

F. In Vivo Study  

(a) Animals. Thirty male Wistar albino rats that were 

clear of pathogens and weighed about 250 10 g when 
they were 3–4 months old were used. The animals came 

from the public veterinary institution in Mhou, MP, 

India. The animals were kept in individually ventilated 

cages at a constant temperature of 22 °C with a 12:12 

hour light/dark cycle. They had unlimited access to 

food and water, as well as consistent environmental 

conditions both before and after the experiment. Before 

the tests began, all animals spent two weeks becoming 

acclimated in the lab (Lim and Kim 2008). 

(ii) Ethical Statement. The study follows ARRIVE 

protocols and complies with the National Research 

Council's guide for the care and use of laboratory 

animals (Geervliet and Bansal 2020). All operations 

were carried out in compliance with the institutional 

animal ethical committee's recommendations no. 

PCP/IAEC/2023/JAN/10 

(iii) Establishment of Liver Fibrosis Model. To cause 

liver fibrosis, rats were given intraperitoneal (i.p.) 

injections of carbon tetrachloride (CCl4) (1 mL/kg) 

dissolved in olive oil (1:1 v/v) three times per week for 

ten weeks, and subsequently once per week for two 

weeks (Abenavoli et al., 2011). 

The animals were divided into five groups, each with 

six rats: the normal control group (G1), the rats 

received an intraperitoneal injection of normal saline, 
the toxic control group (G2), or the negative control 

group, in which fibrosis was produced using CCl4 and 

no treatment was given. Group 3 (G3) refers to the 

typical control group that delivered fibrosis coupled 

with a standard medication solution of L-Ornithine and 

L-Aspartate (Nagpal et al., 2013). The treatment group 

was depicted in group 4 (G4) at a dose of 25 mg/kg 

SLY-DH-CNPs and 100 mg/kg in olive oil. The 

treatment group displayed SLY-DH-CNPs with fibrosis 

and group 5 (G5) at a dose of 50 mg/kg SLY-DH-CNPs 

with a dose of 100 mg/kg in olive oil. During 30 days, 

all therapies were given via oral gavage (Maksoud et 

al., 2019). 

(iv) Sample Collection and Tissue Preparation. All 

of the animals were overnight starved, weighed, and 

given a deep isoflurane inhalation to put them to sleep 

at the conclusion of the treatment period. After being 

drawn from the heart, the blood samples were 

centrifuged at 3000 rpm for 20 minutes at 4 C to 

separate the sera for the biochemical analysis. In order 

to determine the liver index, the livers were separated, 

cleaned, and weighed (Draper and Hadley1990). 

Liver Index Calculation = [ Liver weight (g)/Body 
weight (g)] × 100 

Three aliquots of the liver tissues were prepared: one 

was processed in 10% normal formalin for H&E 

staining, Masson's trichrome staining (MT), and 

immunohistochemistry (IHC). To prepare the remaining 

sample for ELISA and lipid peroxidation assays, it was 

homogenised in cold, 0.1 mM PBS in a ratio of 1:9 

(Livak and Schmittgen 2001). 

(v) Methods. Blood Biomarkers for Testing Liver 

Function Total bilirubin and albumin levels, as well as 

the activities of the enzymes aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and alkaline 
phosphatase (ALP), were assessed using commercially 

available kits (Biosystems S.A. Costa Brava 30, 

Barcelona, Spain) in accordance with the 

manufacturer's guidelines(Suvarna et al., 2019). 

(vi) Malondialdehyde (MDA) as Index of Lipid 

Peroxidation. Using the Draper and Hadley method, 

MDA in homogenate was measured for thiobarbituric 

acid reactive compounds (TBARS). Thiobarbituric acid 

(TBA) was used to heat the sample at a low pH. (3.5). 

At 532 nm, the absorbance of the resultant pink 

chromogen was measured (Wu et al., 2019). 

(vii) Histopathology Study. The liver tissues were 

collected rapidly, subjected to a 24-hour treatment in 

10% neutral-buffered formalin, dehydrated in ethanol at 

increasingly higher concentrations (from 70% to 

100%), cleaned in xylene, and then embedded in 

paraffin. Slices of paraffin, five micron thick, were cut 

with a microtome (Leica RM 2155, London, UK). 

Hematoxylin and eosin (H&E) was used to stain the 

sections for histopathology [106]. Leica® microscopes 

(Wetzlar, Germany) and an Am Scope® microscope 

digital camera were used to obtain all section 
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photographs. On sections stained with MT stain, 

ImageJ software was used to conduct a quantitative 

analysis of liver fibrosis (as a percentage) (Image J 

1.47v, National Institute of Health, Bethesda, MD, 

USA)(Li et al., 2003). The blue-stained area 
measurements in the samples, which were made for 

images with at least 10 different fields per section at a 

magnification level of about 100, were always 

synchronised with the colour settings in the ImageJ 

software. Scores for each fibrosis stage were 

determined using the following criteria: Score 0 

indicates no fibrosis; 1 indicates a little fibrosis; 2 

indicates mild fibrosis; 3 indicates considerable 

fibrosis; and 4 indicates severe fibrosis. The evaluation 

was already explained (Hsu et al., 1981). 

G. Statistical Analysis  

Mean ± SD was used to express the values. Statistics. 
One-way analysis of variance (ANOVA) was used to 

statistically analyse the data, and a result of p>0.01 (n = 

3) was deemed significant (Gabius and Gabius 2012). 

RESULTS AND DISCUSSION 

A. Synthesis of SLY-DH-CNPs 

The chitosan nanoparticles encasing the SM-DH were 

spontaneously synthesised after the pawn anion TPP 

was added to the steady Chitosan polymer solutions. 

Nanoparticles were created as a result of ionic 

interactions between the positively charged amino 

groups of chitosan and the negatively charged ion TPP. 
The CS/TPP ratio was adjusted to produce steady 

dispersion and nanosize particles. Preliminary tests 

were done to establish the best CS and TPP 

concentrations for the synthesis of NPs. Both the 

method and formulation parameters were fine-tuned to 

create physiochemically and thermally stable 

nanoparticles. The three primary forms of the acquired 

particles were a transparent solution, an opalescent 

suspension with a tyndall effect (NPs), or other kinds of 

extensively documented nano-sized particles. 

B. TEM Analysis of SLY-DH-CNPs 

The SLY-DH-CNPs' size and shape were verified using 

TEM evaluations. The TEM images of SCNPs in Fig. 1 

a demonstrate that they are distributed as independent 

NPs with a distinct spherical shape and are uniformly 

spread, with an average particle size of 140 ± 2 nm. 

C. SEM Analysis 

SEM examination significantly enhanced the Zeta sizer 

and TEM assay results that showed the production of 

tiny particles with a smooth morphology and spherical 

form. The SEM images particularly highlight and 

validate the nanoformulation's crisp oval borders, which 

demonstrated a better synthesis procedure. Also, it is 

evident from the SEM images that there is no sign of 

particle aggregation or cluster formation with an 

apparent PEG outer layer. The zeta-sizer study and the 

SEM examination, both of which indicated size ranges 

of 120-190 nm, verified the outstanding brain targeted 
delivery properties of SLY-DH-CNPs (Fig. 1b). 

D. DLS and Zeta Potential Measurements of SLY-DH-

CNPs  

The particle size distribution curves for SLY-DH-CNPs 

showed only one peak and a low polydispersity index. 

SLY-DH-CNPs were found to have a particle size of 

170.4 nm. The findings revealed that the SLY-DH-CNP 

sample under investigation had extremely positively 

charged values at +26.3 mV, indicating that the 

synthesized NPs had higher dynamic stability as shown 

in Fig. 1c-e. 

E. Drug Entrapment Efficiency and Loading Capacity 

of SLY-DH-CNPs 

For the examination of nanoparticle qualities, 

entrapment efficiency (EE%) and drug loading capacity 

(LC%) are thought to be important metrics. Silymarin 

(SLY) and Dehydroemetine (DH) content in 

supernatant was used to determine the EE% of SLY-

DH-CNPs. The results showed that more than 90.16 

±1.67% of the drug combination was trapped in 

polymer content. LC% value, on the other hand, was 

18.26 ± 2.15%. 

 
Fig. 1. Image a & b illustrating TEM and SEM investigation of developed SYL-DH-CNPs at nano scale resolution 

respectively, whereas image c elaborating size distribution pattern by zeta sizer measurement, image d & e showing 

the DLS pattern and zeta potential of developed SYL-DH-CNPs respectively, (mean ± SD, n=3). 
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F. In Vitro Drug Release Study  

According to the data gathered from the release studies, 

the release profile of developed SLY-DH-CNPs was 

investigated in vitro using PBS (pH 5 & 7.4) at 37 0.5 

C. The cumulative amount of drug combination of 

SLY-DH released percentage (%) at specific different 

time intervals was plotted versus time (h). A typical 

two-phase release pattern was demonstrated in vitro, as 
shown in Fig. 2 a-b. The first phase of the release 

pattern showed a burst and release that happened 

relatively quickly at a specific time (about 50% of the 

entrapped SLY-DH released in 4 h), followed by a 

sustained and gradual release phase that happened over 

a long period of time at pH 5 and showed acidic release 

of chitosan nanoparticles. While 30% of the drug was 

released from SLY-DH-CNPs over the first 24 hours at 

pH 7, revealing a meagre release pattern at normal pH, 

approximately 86% of the drug was released around 24 

hours at pH 5. The initial quick release that was seen 

may have been caused by the drug dispersing on the 

surface of the SLY-DH-CNPs, which was followed by 

a slower, longer release of the SLY-DH-CNPs. 

G. In Vivo Studies  

(i) Body Weight Gain, Liver Weight, and Liver 

Index (%). CCl4 exposure raised liver weight and liver 
index while dramatically reducing body weight gain as 

compared to the control group (Fig. 2 c-e). The best 

result was observed in rats treated with SCNPs, which 

displayed entirely normal values. CCL4-intoxicated rats 

treated with any of the treatments acquired noticeably 

more body weight and had lower liver weight and liver 

index values than the CCl4-untreated group. 

 
Fig. 2. Image a and b elaborating the combination drug release kinetics of developed SYL-DH-CNPs at pH 5 and 7 

using dialysis bag membrane, whereas images c-e showing effect of different groups on body weight gain, liver 

weight, and liver index (%). Data are presented as mean ± SD (n = 6) according to the ANOVA test, followed by the 

student T test. At p ≤ 0.05, the difference was statistically significant. 

(ii) Serum Liver Function Markers. When compared 

to control rats, CCl4-rats exhibit noticeably higher 

AST, ALT, and ALP serum activity as well as bilirubin 

levels and noticeably lower albumin levels. When 

compared to untreated rats, CCl4-rats treated with SIL, 

CNPs, or SCNPs exhibit significant improvements in 

all liver serum markers. The SCNPs-treated CCl4-rats 

displayed the best effects, with no discernible changes 

from the control rats (Fig. 3 a-e). 

 
Fig. 3. Images a-e elaborating effects of developed SYL-DH-CNPs on serum liver function parameters. Data are 

presented as mean ± SD (n = 6) according to the ANOVA test, followed by the student T test. At p ≤ 0.05, the 

difference was statistically significant. 
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(iii) Histopathology. Images of a gross examination of 

the liver following animal excision are shown in Fig. 4 

a-e. The livers in the olive oil-treated control group 

were healthy and had a soft, smooth, and shiny exterior. 

However, the liver of CCl4-intoxicated rats had a 

nodular appearance, a rough, stiff, hard spotty surface, 

and no lustre; in addition, the faint red colour showed 

the flow of blood through the liver had diminished, 
reflecting fibrosis in human livers. The rats given CNPs 

showed modest liver morphological abnormalities after 

treatment. Compared to CCL4-untreated rats, the livers 

of SIL-treated rats had smoother surfaces and less 

nodular abnormalities. Rat livers with dramatically 

enhanced physical appearance, a much healthier look, 

and bright, shiny, and smooth surfaces as a result of 

SYL-DH-CNPs therapy effectively reduced CCl4-

induced hepatic fibrosis. 

(iv) Histopathology of Liver Tissue. All hepatic 

architectures, the central vein and hepatic cords, 

hepatocytes, sinusoids, and the portal triad were all 

normal in the livers of control rats. The hepatic vein 

was noticeably enlarged, the blood vessels were 

clogged, and there was obvious portal fibrosis with the 

deposition of mature collagen fibrils and fibroblast 

hyperplasia in the CCl4-rat liver sections. The 

ameliorative effects of the previous alteration were 

present in variable degrees in the treated groups. The 
liver sections of the rats treated with CNPs showed 

localised necrosis, which was replaced by necrotic 

debris and extravasated erythrocytes, whereas the SYL-

DH-treated rats displayed mild to moderately pyknotic 

hepatocytes congested and enlarging sinusoids. Rats 

that received SYL-DH-CNPs had liver sections that 

appeared to have typical hepatic architecture, including 

diplocytes on the few hepatocytes and a small 

enlargement of the sinusoids (Fig. 4 a-e). 

 
Fig. 4. Images (a-e) showing histopathology slides of different treatment groups (G1: a, G2: b, G3:c, G4: d, G5: e) 

of liver cells visualized at 100X lens magnification using light microscope (Olympus, Japan), p<0.01, n=3. 

CONCLUSIONS 

In the current study, we used the ionotropic gelation 

process to successfully create Silymarin-

Dehydroemetine-loaded chitosan nanoparticles (SYL-

DH-CNPs). The created nanoparticles have 

physicochemical characteristics that were optimal for 

effectively delivering Silymarin-DH to target liver 

cells. When compared to free drug combination the 

SYL-DH-CNPs in vitro drug release demonstrated 

greater drug release and bioavailability. Also, the in 

vivo study's findings showed that, when compared to 

drug itself, the generated SYL-DH-CNPs shown better 

effects against CCl4 toxicity-induced liver fibrosis with 

lower oxidative damage and improved antioxidant 

defence system. This could happen via down regulating 

the main fibrosis mediators by targeting and enhancing 

the hepatic expression. Together with the enhanced bio 

pharmacokinetics lowering level and the decrease of 

oxidative stress, these results led to the inhibition of the 

pathogenic pathways responsible for the formation of 

liver fibrosis, chronic inflammation, and collagen 
deposition. These findings imply that the oral 

distribution of SYL-DH in its nanoformulation with 

SYL-DH-CNPs is a feasible alternative for its potential 

therapeutic use in the treatment of liver fibrosis. 

Additionally the usage and delivery of biodegradable 

chitosan based SLY-DH nanoparticles may increase the 

bioavailability at the desired site bypassing the systemic 

toxicity and decreasing the dose duration with dose 

regimen. In building the targeted drug delivery system 

against the liver ailment not only decrease the heavy 

dose dependency of conventional dosage form but also 

provide the novel therapeutics system against liver 

disease with negligible toxicity and cost economic 
management. 
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