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Abstract 

Curcumin now has numerous pharmacological effects; however, its poor bioavailability limits its therapeutic potential. This 

study aimed to formulate curcumin microsponges and assess their effectiveness in shielding rat livers from paracetamol-

induced damage. The toxicity was induced over a period of 10 days by administering 2 g/kg/day of paracetamol. Paracetamol 

severely damages the livers of rats by raising liver function markers such as ALT, AST, ALP, and total bilirubin levels while 

simultaneously lowering total protein levels. The mice received oral therapy for 10 days, including 100 mg/kg of curcumin 

microsponges and 100 mg/kg of plain curcumin (P-CUR). On the final day of the therapy, the rats were sacrificed, and the 

liver was excised for pathological analysis. Our findings indicate that microsponges exhibit a more potent hepatoprotective 

effect compared to conventional curcumin. Curcumin microsponges significantly reduced paracetamol-induced liver damage, 

as evidenced by a drop in liver function indicators. Our research indicates that curcumin microsponges may possess significant 

hepatoprotective properties. 

Keywords: Microsponges; Paracetamol; Curcumin; Biomarkers; Liver; Hepatoprotective. 

 

1. Introduction  

The liver is among the most crucial organs and is 

primarily responsible for protein synthesis, 

detoxification, the generation of a variety of biochemical 

substances, and the control of the body's homeostasis [1]. 

It is constantly exposed to chemicals, alcohol and 

narcotics, which cause structural and functional 

alterations in the liver and lead to major 

complications,for example, hepatitis, cholestasis, 

hemochromatosis, and cirrhosis [2]. 
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A common analgesic and antipyretic drug, 

paracetamol (PCM), is quite safe when used at 

prescribed dosages [3]. At a maximal dose of 4 g/day, 

PCM overdose may result in hepatotoxicity [4, 5].Due to 

their enormous frequency, hepatic disorders are the main 

cause of illness and mortality worldwide. In excess, 

PCM can harm the liver by producing N-acetyl-p-

benzoquinone imine (NAPQI), a toxic byproduct that 

isprocessed in the liver [6]. NAPQI interacts with hepatic 

proteins and glutathione, leading to lipid peroxidation, 

DNA breakage, free radical production, oxidative stress, 

and liver injury [7]. 

A wide range of ailments can be treated with several 

natural products [8]. The biologically active 

polyphenolic substance known as curcumin (CUR) 

originates from the plant Curcuma longa in the ginger 

family, Zingiberaceae. Reports revealed the protective 

effect of curcumin for the management of immune 

system illnesses [9],degenerative diseases of the brain 

[10], coronary artery diseases [11], respiratory failures 

[12], gastrointestinal diseases [13],inflammation and 

joint discomfort [14], anticancer [15], Antioxidant 

treatment and hepatoprotective characteristics [16]. CUR 

consumption promotes liver detoxification by altering 

GSH activity [17], which also reduces structural 

alteration of the liver. It showed ameliorative activity in 

the treatment of liver cancer, liver fibrosis, and 

cholestasis [18].It has a wide range of molecular targets 

that can interact with, including those implicated in 

inflammation [19]. 

Curcumin's limited absorption and poor water 

solubility limit its application as a medication to treat 

ailments [20]. To improve the absorption and 

pharmacological activity of curcumin, a novel 

preparation is needed. In the present research, curcumin 

microsponges are used due to their greater effectiveness 

compared to natural curcumin [21]. Microsponges are 

highly stable, cross-linked, porous, and polymeric 

particles that range in size from 5 to 300 μm [22]. 

Because of their sponge-like appearance, microsponges 

exhibit unique compressibility and dissolution properties 

[23].They exhibit fewer adverse reactions, are nontoxic, 

do not cause mutations, and have higher patient 

compliance [24]. 

Improving the dissolution rate and adhesive 

properties of the substances was the goal of the present 

study. The microsponges were assessed using XRD, 

DSC, SEM, and FTIR techniques [25]. A surface 

examiner was used to evaluate the gel's mechanical 

strength inside the capsules, and the capsules were 

evaluated using a battery of pharmacological tests. The 

total drug content, manufacturing yield, average particle 

size, and entrapment efficiency were all calculated 

[26].The effectiveness of the prepared microsponges was 

evaluated for their hepatoprotective activity in 

experimental animals by using a paracetamol-induced 

liver toxicity animal model [27]. 

The significance of the present study lies in addressing 

the major limitations associated with curcumin, including 

its poor aqueous solubility, rapid metabolismand low oral 

bioavailability, which restrict its therapeutic application 

despite its well-documented hepatoprotective potential. 

Microsponges represent a novel and promising drug 

delivery system capable of enhancing drug stability, 

controlling release kinetics and improving bioavailability. 

By formulating curcumin into microsponge-based 

delivery systems, the present research aims to enhance its 

hepatic retention and sustained therapeutic action. 

Furthermore, paracetamol-induced hepatotoxicity is a 

widely accepted experimental model that closely mimics 

drug-induced liver injury in humans. Therefore, this study 

is significant for demonstrating the dual advantages of 

formulation innovation and pharmacological evaluation, 

and for providing a potential strategy to improve the 

clinical efficacy of curcumin in the management of liver 

disorders. 

2. Materials and Methods: 

2.1. Drugs and chemicals: 

Curcumin was obtained from SudharshanChemicals, 

Pune, India as a gift sample.Ethylcellulose and polyvinyl 

alcohol (PVA) were purchased from Loba Chemical Pvt. 

Ltd.,Mumbai. The other chemicalsutilized were of 

analytical grade. 

2.2. Methods 

2.2.1. Preparation of Microsponges 

Oral microsponges are produced via quasi-emulsion 

solvent diffusion. This technique uses 1-4% w/v ethyl 

cellulose in dichloromethane as the internal phase. A 

Solution was incorporated by gradually adding the 
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medication (200 mg) to the ethyl cellulose solution while 

continuously mixing at 500 rpm. Subsequently, PVA 

(0.3%w/v) was added to the aqueous phase to create 

solution B (Table 1). To create a clear solution, sonicate 

both solutions on the probe for fifteen minutes. After 

that, stir continuously for two hours while adding 

solution A to solution B dropwise at 1000 rpm. 

Microsponges were stirred for 2 hours, after which they 

were filtered and dried in an air-fitted container in a hot-

air oven [28]. 

2.2.2. Characterisationof Microsponges 

2.2.2.1. Particle size analysis, zeta potential and PDI 

Particle size analysis is used to determine the sizes of 

particles present in the sample. The curcumin 

formulation was subjected to particle size, zeta potential 

and Polydispersity index (PDI) by using HORIBA 

SCIENTIFIC SZ-100 [29].  

2.2.2.2. Fourier Transform Infrared Spectroscopy 

(FTIR) 

The FTIR ofthe ethyl cellulose, curcumin, and curcumin 

microsponges sample was analysed using a Fourier 

transform infrared spectrophotometer (Bruker) over 400-

4000 cm-1, within the reported range [30]. 

2.2.2.3. Differential Scanning Calorimetry (DSC) 

Analysis 

Differential scanning calorimetry (DSC) was performed 

to evaluate the thermal behaviour and possible 

interactions among curcumin, ethylcellulose, and 

curcumin-loaded microsponges. The analysis was 

performed using a differential scanning calorimeter 

(Q10, TA Instruments, USA). Prior to analysis, all 

samples were thoroughly dried to remove residual 

moisture. Approximate weights of the powdered samples 

were placed in standard aluminium pans and 

hermetically sealed by crimping. The samples were then 

heated at a controlled rate of 10 °C/min over a 

temperature range of 30-400 °C under an inert nitrogen 

atmosphere, maintained at a flow rate of 100 ml/min to 

prevent oxidative degradation. An empty sealed 

aluminium pan was used as a reference. The resulting 

thermograms were recorded and analysedto determine 

melting transitions, thermal stability and possible 

changes in crystallinity or drug–polymer interactions 

[31]. 

2.2.3. Entrapment Efficiency 

Take a weight of curcumin-loaded microsponges (10mg) 

dissolved in 10 mL methanol. Then centrifuge the 

solution and collect 1 mL of the supernatant. The 

solution is diluted with methanol, and absorbance is 

measured against a blank using a Shimadzu UV-1800 

UV-visible spectrophotometer at 424 nm [32]. 

Moreover,the entrapment efficiency was calculated as 

follows: 
 

𝐷𝑟𝑢𝑔 𝐸𝑛𝑡𝑟𝑎𝑝𝑚𝑒𝑛𝑡 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

=
𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝐶𝑜𝑛𝑐. −𝑆𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 𝐷𝑟𝑢𝑔 𝐶𝑜𝑛𝑐.

𝑇𝑜𝑡𝑎𝑙 𝐷𝑟𝑢𝑔 𝐶𝑜𝑛𝑐.
100 

 

2.2.4. Drug Loading Capacity 

Drug loading capacity (DLC) is the amount of drug 

incorporated or entrapped within a carrier system relative 

to the total weight of the carrier or formulation. It is 

usually expressed as a percentage. Drug loading capacity 

indicates how much drug the delivery system can hold. 

 

 
Table 1. Formulation of Curcumin Microsponges 

Sr.No Formulation 
Curcumin 

(mg) 

Ethyl cellulose 

(mg) 

Polyvinyl 

alcohol (mg) 

Dichlorometh

ane (ml) 

Distilled water 

(ml) 

1. F1 200 100 300 25 150 

2. F2 200 200 300 25 150 

3. F3 200 300 300 25 150 

4. F4 200 400 300 25 150 

5. F5 200 500 300 25 150 
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After dissolving the equivalent amount of curcumin 

(10 mg) in methanol (10 mL), weigh the curcumin-

loaded microsponges, then dilute. We measured 

absorbance using a methanolic solution blank and a UV-

visible spectrophotometer (Shimadzu UV-1800) set at 

424 nm. We also used the following formulas to 

determine the medication loading efficiency [33]. 
 

𝐷𝑟𝑢𝑔 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =  
𝑀𝑎𝑐𝑡

𝑀𝑚𝑠
100 

 

Where Mactis the actual weight of curcumin in 

curcumin microsponges, and Mms is the weight quantity 

of microsponges powder. 

Determining the drug-loading capacity of curcumin 

microsponges is necessary to confirm drug 

incorporation, optimise formulation parameters, and 

establish a direct relationship between the microsponge 

composition and the drug-release pattern. Finally, it is 

necessary to ensure the effectiveness and reliability of 

the microsponge-based drug delivery system. 

2.2.5. Practical Yield 

𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑌𝑖𝑒𝑙𝑑

=  
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑚𝑖𝑐𝑟𝑜𝑠𝑝𝑜𝑛𝑔𝑒𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑜𝑙𝑦𝑚𝑒𝑟 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑝𝑜𝑙𝑦𝑚𝑒𝑟
100 

 

2.2.6. Photomicroscopy 

Photomicroscopy of curcumin microsponges was 

observed using an optical microscope. On the surface of 

the slide, an aqueous microsuspension drop was applied, 

covered with a cover slip, and observed under a 40X 

magnification lens [34]. 

2.2.7. Scanning Electron Microscopy (SEM) 

The surface morphology of curcumin microsponges was 

studied using a scanning electron microscope to analyse 

the formulation [35]. 

2.2.8. X-ray Diffraction Studies 

X-ray diffraction was used to determine crystalline and 

amorphous characteristics. Curcumin, ethylcellulose and 

curcumin microspongeswere analysedusing 

(LYNXEYE XE T (1D mode): PSD counter) [36]. 

2.2.9. Stability Study 

The stability of curcumin microsponges was assessed 

under accelerated conditions as per ICH Q1 guidelines. 

The preparation was placed in the stability chamber at 

40°C ± 2°C and 75% ± 5% RH for 3 months. After the 

accelerated stability condition, microsponges were 

evaluated based on their physical appearance and an 

FTIR Study [37]. 

2.3. Hepatotoxicity study 

2.3.1. Experimental Animals 

Healthy adult Wistar rats of male sex, weighing 180–220 

g, were used for the study. The animals were housed in 

polypropylene cages under standard laboratory 

conditions with a controlled temperature of 22 ± 2 °C, 

relative humidity of 55 ± 5% and a 12 h light/12 h dark 

cycle. The animals were provided with standard 

laboratory pellet diet and water ad libitum. All animals 

were acclimatisedto laboratory conditions for at least 7 

days prior to the commencement of the experiment. Four 

sets of six male Wistar rats each were prepared from 

healthy male rats. We purchased the rats from 

Wockhardt Ltd. in Aurangabad, India. The CCSEA's 

housing regulations were followed. The institution's 

IAEC approved the study's methodology 

(SSDJ/IAEC/2022-23/03). 

2.4. Experimental Protocol 

Rats were divided into four groups of six rats each. The 

10-day course of treatment began on the first day [38, 39]. 

 

Group I: 
Rats were treated with vehicle and served as the 

normal control. 

Group II: 
Rats were given paracetamol (2g/kg p.o. daily) for 

10 days and considered as disease control. 

Group III: 

Rats were given a single daily oral dose of 2g/kg 

paracetamol and 100 mg/kg plain curcumin (P-CUR 

group) for 10 days, dissolved in 1% Tween 80. 

Group IV: 

Rats received a single daily dose of 2 g/kg 

paracetamol and curcumin microsponges (MS-CUR 

group), equivalent to 100 mg/kg curcumin orally,for 

10 days, dissolved in 1% Tween 80. 
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Curcumin microsponges were given three hours after 

paracetamol was given. The treatment course lasted for 

ten days. On the last day of the protocol, blood was 

drawn from the retroorbital nerve using a microcapillary 

under ether anaesthesia, and the serum was separated 

using a high-speed centrifuge. Serum samples were used 

for various biochemical calculations and stored at -20°C. 

Following the cervical dislocation method of rat 

sacrifice, the liver was removed, washed in cold 

physiological saline, and preserved in 10% formalin 

solution for histological analysis. Using an assay kit 

(Cloral Clinical System Pvt Ltd., Uttarakhand), the 

serum levels of total protein, total bilirubin, AST, ALP, 

and ALT were determined. 

2.5. Histopathological Examination 

A piece of 5 μm was produced. Hematoxylin and eosin 

(H&E) staining was performed on the sections, and 

images were captured at the Optimus Diagnostic 

Laboratory in Nashik. A light microscope (400×) was 

used to examine the sections for general morphological 

changes [40]. 

2.6. Statistical Analysis 

All variables were analysed using GraphPad Prism 

(version 5.0), and Dunnett's test was applied after 

ANOVA. Data were presented in terms of mean ± SEM 

(n=6).p < 0.05was regarded as statistically significant for 

all variables evaluated. 

3. Results and Discussion 

3.1. Particle size analysis, zeta potential and PDI 

The particle size of the curcumin microsponges 

formulation was measured using a zeta sizer, and the 

formulation ranged from 2.12 µm to 4.14 µm (Table 2). 

This particle size is affected by the concentration of ethyl 

cellulose and magnetic stirrer speed. It was observed that 

increasing the polymer concentration and the 

formulation mixing speed increased the production yield 

and entrapment efficiency (F4 formulation), and that 

adding an excess amount of polymer to the formulation 

formed a cake. The F4 formulation shows good zeta 

potential and polydispersity index (Figures1 and 2). 
 

 
Figure 1. Particle size analysis and PDI of curcumin 

microsponges formulation 

 

 
Figure 2. Zeta potential of curcumin microsponges 

formulation 
 

Table 2. Particle size analysis.  

Sr. 

No 
Formulation code Particle size (µm) Entrapment efficiency (%) Practical yield (%) Drug loading capacity (%) 

1. F1 2.12 21.56 57 24.89 

2. F2 2.54 33 65 32.45 

3. F3 3.12 54.78 70 60.42 

4. F4 3.78 85 75 80.65 

5. F5 4.14 65.48 73 66.49 
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3.2. Fourier transform infrared spectroscopy (FTIR) 

The FTIR spectra of curcumin, polyvinyl alcohol, 

ethylcellulose, and curcumin microsponges are shown in 

Figure 3. Curcumin's spectra in Figure 3(a) show a 

wide, sharp peak at 3504 cm-1, which is the O-H stretch 

of the phenolic hydroxyl group. The aromatic ring 

vibrations have a peak at 1497 cm-1, and the beta-

diketone functional group has a C=O stretch at around 

1618 cm-1. The peak at 1269 cm-1 corresponds to the 

phenolic hydroxyl group C-O stretch. Peak 1036 cm-1 

represents the aromatic rings C-H bend.  

The curcumin microsponges formulation spectra in 

Figure 3(b) exhibit a large peak at around 3452 cm-1, 

which is indicative of the O-H stretch formed by the 

hydroxyl groups of ethyl cellulose and the phenolic 

hydroxyl group of curcumin. Apeak at 1603 cm-1 is the 

beta-diketone functional group of curcumin's C=O 

stretch. A peak located at 1732 cm-1 is indicative of the 

ester group's C=O stretch in ethyl cellulose. The aromatic 

ring vibrations of curcumin and the C-H bending 

vibrations of the ethyl cellulose backbone are 

represented by a series of peaks at 1541, 1510, and 1443. 

The C-O stretch of curcumin's phenolic hydroxyl group 

and the C-O-C stretch of the ethyl cellulose ether bond 

are represented by a peak at about 1241 cm-1. 

 

 
Figure 3. FTIP study of a) Curcumin, b) curcumin 

microsponges formulation 
 

3.3. Differential Scanning Calorimetry Analysis (DSC): 

Figure 4 shows, the DSC thermogram of curcumin, ethyl 

cellulose and curcumin microsponges. In Figure 4(a), 

curcumin shows a sharp peak at 182.678°C, and ethyl 

cellulose, an amorphous substance, does not show a 

sharp endothermic peak, as shown in Figure 4(b). 

Curcumin microsponges also show a sharp endothermic 

peak at 183.757°C. From this result, we concluded that 

our formulation is stable (Figure 4c). 

 

 
 

Figure 4. DSC curve a) Curcumin, b) Ethyl cellulose, c) Curcumin Microsponges 
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3.4. Entrapment Efficiency, Drug loading capacity and 

Practical yield 

Table 3 displays the entrapment efficiency, drug loading 

capacity, and practical yield of different formulation 

batches of curcumin microsponges. The Entrapment 

efficiency value ranges between 21.56 and85. The drug 

loading capacity of different formulations of curcumin 

varied between 24.89 and80.65. Also, it shows the 

different practical yields of 57-75%. Particle size 

decreases with increasing formulation speed. The 

practical yield of the microspongesincreases with 

increasing polymer content. 

3.5. Photomicroscopy 

Figure 5 shows the Photomicroscopy images of the 

curcumin microsponges. In these images, the 

microspongesappear spherical. 

3.6. Scanning Electron Microscopy (SEM): 

Figure 6 indicates the outer structure images obtained by 

SEM of curcumin microsponges. The images show that 

the microsponges are spherical, and no curcumin crystals 

are observed in these scanning electron microscopy 

images. 

 

Table 3. Particle size analysis  

Sr. No Formulation code Particle size (µm) Entrapment efficiency 

(%) 

Practical yield (%) Drug loading capacity 

(%) 

1. F1 2.12 21.56 57 24.89 

2. F2 2.54 33 65 32.45 

3. F3 3.12 54.78 70 60.42 

4. F4 3.78 85 75 80.65 

5. F5 4.14 65.48 73 66.49 

 

 
Figure 5: Photomicrographic images of formulated curcumin-loaded microsponges showing 

spherical morphology, surface characteristics and uniform particle distribution. 

 

 

Figure 6. Scanning Electron Microscopy (SEM) 
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3.7. X‑ray diffraction study 

Figure7 shows the X-ray diffraction spectra of ethyl 

cellulose, curcumin, and curcumin microsponges. The 

X-ray diffractogram of EC shows no distinct peaks, 

indicating it is amorphous. While the diffractogram of 

the curcumin microsponges exhibits strong peaks at 17°, 

20°, 24°, and 28°, with reduced intensity, showing a 

decline in the crystalline character of the microsponges, 

which means the drug curcumin is encapsulated in the 

ethyl cellulose polymer., the spectra of curcumin show 

sharp peaks at 19°, 20°, 22°, and 25°, demonstrating the 

crystalline nature of curcumin. 
 

 

 

 
 

Figure 7. XRD for a) Ethyl cellulose b) Curcumin c) 

Curcumin Microsponges 

3.8. Stability Study 

The formulation F4 was subjected to a 3-month stability 

study under accelerated conditions and evaluated for 

physical appearance and FTIR spectroscopy. After 3 

months of stability studies, the formulation shows no 

changes in appearance or in the FTIR spectrum. 

Additionally, the FTIR study shows that the formulation 

is stable. From these two parameters, it may be 

concluded that they have a good shelf life. 

3.9. Effect of curcumin and curcumin microsponges on 

total protein in serum 

Serum total protein was estimated as an indicator of 

hepatic synthetic function. Since the liver is responsible 

for the synthesis of major plasma proteins, any 

impairment due to paracetamol-induced hepatocellular 

damage results in reduced serum protein levels. 

Restoration of total protein levels following treatment 

reflects improvement in liver functional capacity. As 

shown in Figure 8, Rats treated with paracetamol only 

(Group II) displayed a marked decline (p< 0.01) in the 

serum level of total protein compared with normal rats. 

Rats administered curcumin alone showed an increase in 

total protein levels, but it was not significant. Whereas 

rats treated with curcumin microsponges showed a 

substantial (p < 0.05) increase in total protein levels 

compared to the sick group. 
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Figure 8. Effect of curcumin and curcumin microsponges on 

total protein in serum 

 

Data were reported as mean ± SEM, n=6. ANOVA was applied 

with Dunnett'stest for analysis. *P<0.05, **P<0.01, 
***P<0.001 compared to normal and #P<0.05, 
##P<0.01,###P<0.001 compared to PCM. 
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3.10. Effect of curcumin and curcumin microsponges on 

total bilirubin in serum 

Compared with the control group, rats given paracetamol 

showed a significant (p < 0.001) increase in their blood 

total bilirubin levels. When rats were treated with 

curcumin after being inebriated with paracetamol, their 

blood total bilirubin levels decreased significantly (p 

<0.05). Compared with the paracetamol group, rats 

treated with curcumin microsponges significantly (p < 

0.05) reduced these levels (Figure 9). 
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Figure 9. Effect of curcumin and curcumin microsponges on 

total bilirubin in serum 
 

Data were reported as mean ± SEM, n=6. ANOVA was applied 

with Dunnett'stest for analysis. *P<0.05, **P<0.01, 
***P<0.001 compared to normal and #P<0.05, 
##P<0.01,###P<0.001 compared to PCM. 

3.11. Effect of curcumin and curcumin microsponges on 

liver enzyme activities in paracetamol-treated rats in 

serum 

The level of liver enzyme activities in serum was 

monitored in all groups. Significant changes were 

observed in serum ALT, AST, and ALP activities in the 

diseased group compared with the normal group (Figure 

10). Administration of curcumin to diseased rats 

displayed a significant (p˂0.01) decline in the level of 

liver activities. Whereas rats administered curcumin 

microsponges displayed (p < 0.01) powerful 

hepatoprotective activity by reducing levels of ALT, 

AST, and ALP compared with diseased paracetamol 

groups. 

3.12. Histopathological Examination 

Histopathological investigation is done as shown in 

Figure 11,  
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Figure 10. Effect of curcumin and curcumin microsponges on liver enzyme activities A) ALT, B) ALP and C) 

AST on paracetamol-treated rats in serum 
 

Data was mentioned in terms of mean ± SEM n=6. ANOVA was applied with Dunnett' t'test for analysis. *P<0.05, 
**P<0.01, ***P<0.001 compared to normal and #P<0.05, ##P<0.01, ###P<0.001 compared to PCM. 
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Figure 11. Histopathological analysis after PCM overdose and treatment with P-CUR or MS-

CUR (H & E, 400) in the rat livers 
 

 

3.13. Discussion 

Clinicians face significant challenges in treating drug-

related liver injuries, given their prevalence as a cause of 

liver failure. The most well-known, mechanistically 

well-studied, and clinically applicable model is the 

PCM-induced hepatotoxicity model. Numerous studies 

have utilisedparacetamol to cause liver injury. Oxidative 

stress, inflammation, and cell death pathways all 

contribute to paracetamol's toxicity in the liver. Several 

therapeutic approaches, including the use of organic 

substances like curcumin, have been researched to 

reduce the liver damage caused by paracetamol. 

The development of novel formulations for curcumin 

delivery is crucial given its numerous positive effects. 

According to studies, curcumin can neutralise reactive 

oxygen species, prevent lipid peroxidation, and alter 

various signalling pathways involved in liver damage. 

Due to its limited solubility, curcumin has poor 

absorption. In this study, we successfully formulated 

curcumin microsponges that enhance the compound's 

bioavailability. The benefits of using microsponges as a 

drug delivery system include prolonged curcumin 

release and increased bioavailability, which may 

improve its efficacy in treating liver toxicity. 

Rahman et al. (2025) aimed to assess the potential 

effects of curcumin and paracetamol on maternal Wistar 

rats and their fetuses during gestation. Curcumin could 

be approved as a protective agent that reverses the toxic 

effect of paracetamol during gestation. Additional 

research will be conducted to elucidate the specific 

mechanisms and pathways by which curcumin mitigates 

paracetamol's effects [41]. Hosseini et al. (2025) 

described the potential of curcumin in mitigating 

acetaminophen-induced liver damage. The evidence 

suggests that curcumin could be a promising intervention 

to mitigate the harmful effects of APAP overdose and 

improve liver health. However, further research is 

required to assess the optimal dosing and timing of 

curcumin administration in APAP toxicity [42]. Hussein 

et al. (2022) evaluated the hepatoprotective effect of 

curcumin-loaded solid lipid nanoparticles against 

paracetamol overdose toxicity, focusing on the role of 

inducible nitric oxide synthase. Cur-loaded SLNs 

effectively prevented the liver damage induced by PCM 

overdose through alleviating oxidative stress and 

inhibiting the serum and hepatic iNOS expression in an 

effect comparable to NAC and better than raw Cur [43]. 

Damayanti et al. (2023) described the effect of curcumin 

nanoparticles on paracetamol-induced liver injury in 

male Wistar rats. Curcumin nanoparticles showed better 

hepatoprotective ability than pure curcumin [44]. 
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In the current study, we assessed CUR Microsponges' 

hepatoprotective properties against acute liver damage 

from PCM overdose, which can cause a range of 

toxicological changes in adult male albino rats. In the 

current investigation, adult male albino rats received 2 

g/kg of PCM, which increased ALT, AST, and ALP 

levels. Widely established, elevated levels of the 

hepatocyte damage marker enzymes AST and ALT are 

critical indicators of liver injury. Patients with liver 

disease who had elevated levels of ALP showed 

pathological changes in biliary flow. The 

histopathological investigation has verified the elevated 

ALT levels.Research indicates that curcumin can 

neutralise reactive oxygen species, inhibit lipid 

peroxidation, and modify various signalling pathways 

associated with ALT, AST, and ALP in the paracetamol-

treated group compared with the control group, 

suggesting hepatotoxicity. When we compared CUR 

microsponges to plain curcumin, our results showed that 

they protected the liver against PCM-induced damage. 

CUR microsponges demonstrated this by dramatically 

lowering levels of AST, ALT, and ALP. PCM may have 

reduced the number of hepatocytes responsible for 

protein synthesis, leading to lower serum total protein 

levels. This may have occurred because of apoptosis and 

necrosis. 

Furthermore, hepatocyte activity was associated with 

the increase in serum total bilirubin, suggesting that the 

hepatotoxicant was causing red blood cell disintegration. 

Histopathologic hepatic architecture confirmed these 

findings, showing significant hydropic hepatocyte 

degeneration, dilated portal veins, and swollen portal bile 

ductules. The data stated above also supported these 

findings. When compared to simple curcumin, curcumin 

microsponges were able to counteract the altered hepatic 

cell shape that was brought about by PCM poisoning. 

Microsponges exerted a hepatoprotective effect that was 

much greater than that of simple curcumin at the same 

dosage. Administering plain curcumin at a dosage of 100 

mg/kg showed a slight improvement in the adverse 

effects that paracetamol would have generated in rats. 

When compared to curcumin, the microsponges at a 

dosage similar to 100 mg/kg of curcumin revealed 

greater healing ofliver damage in rats. The higher 

bioavailability of curcumin may be the source of the 

improved hepatoprotective activity of curcumin 

microsponges. 

In conclusion, our work showed that curcumin 

microsponges significantly reduced acute hepatic 

damage in rats induced by paracetamol. To understand 

the underlying mechanisms of curcumin's 

hepatoprotective properties and improve the composition 

of microsponges for better drug administration, further 

investigations are necessary. It is important to do clinical 

studies to see how curcumin and microsponges-

curcumin can help people whose livers have been 

damaged by paracetamol. 

4. Conclusion 

This investigation's findings suggest that simple 

curcumin and microsponges-curcumin are effective in 

preventing paracetamol-induced liver damage in rats. 

The remarkable improvement in liver function indicators 

and histological results revealed the protective 

advantages. The use of microsponges as a delivery 

mechanism for curcumin enhances its therapeutic 

potential by enabling continuous release and targeted 

delivery to the liver. Based on the current research, we 

can conclude that curcumin microsponges demonstrated 

greater hepatoprotective efficacy than regular curcumin 

in mitigating paracetamol-induced liver damage in 

experimental rats. 
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