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AbstractAbstractAbstractAbstract    
    
Antioxidants and phenolic compounds have always been tested as chemoprotective agents to regulate 

disease progression related to oxidative stress. Through this study, we investigate the possible corrective effects 
of caffeic acid and coumarin against aluminum- (Al-) induced stress response and liver damage in rats. Male 
Wistar rats were divided into four groups (10 rats per group), cotreated with caffeic acid (30 mg kg-1) and 
coumarin (5 mg kg-1) and exposed to aluminum (60 mg kg-1) for 45 days. Al induced significant alterations in 
body and liver weight over time. It also led to a marked increase in plasma levels of transaminases (aspartate 
aminotransferase and alanine aminotransferase), alkaline phosphatase, and lactate dehydrogenase. 
Additionally, there was a substantial change in the lipid profile, characterized by elevated levels of triglycerides 
and total cholesterol in both serum and liver. Furthermore, the LDL-c level and the HDL-c/total cholesterol 
ratio in serum were also affected. In contrast, the levels of HDL-c in serum and phospholipids in liver tissues 
were reduced. The results of this study also showed increased levels of TBARS, protein carbonyls, 
nitrates/nitrites, and TNF-α. Conversely, the activity of antioxidant enzymes (catalase, GP-x, and SOD) was 
reduced. These altered parameters were restored after treating rats with caffeic acid and coumarin. Our study 
strongly suggests that caffeic acid and coumarin possess antioxidant properties and hepatoprotective capacity 
by attenuating aluminum toxicity-induced liver damage. 

    
Keywords:Keywords:Keywords:Keywords: aluminum; caffeic acid; coumarin; hepatoprotective; oxidative stress 
 
 
IntroductionIntroductionIntroductionIntroduction    
 
Humans and animals interact daily with their surroundings and are exposed to a wide variety of chemical 

compounds and heavy metals that can bioaccumulate inside the body and collect in tissues with low excretion 
(Al Dera, 2016). These pollutants are recognized to participate in the pathogenesis of various illnesses in 
humans. Heavy metals like mercury (Hg), lead (Pb), and cadmium (Cd) were shown to induce 

https://www.notulaebiologicae.ro/index.php/nsb/index


Chouari Z et al. (2024). Not Sci Biol 16(1):11748 

 

2 
 

 

 

 

 

 

neurodegeneration, carcinogenesis, and anemia (Lisiewicz, 1993; Waalkes and Rehm, 1994; Neal and Guilarte, 
2010) and they were also implicated in many disorders, together with type 2 diabetes and weight problems 
(Desvergne et al., 2009; Latini et al., 2009). This metal is protected in the substance priority list of the Agency 
for Toxic Substances and Disease Registry (ATSDR) (Abdel Moneim et al., 2013).  

Various tissues were shown to accumulate Al over the years, even though the largest quantities of Al are 
seen in bone, liver, and, to a lesser extent, the brain (Xu et al., 1990; Exley, 2001; Hellstrom et al., 2008). 
Hepatocytes, the practical units of the liver, depend on a chain of complicated metabolic networks to hold 
energy homeostasis within the human body. Wang et al. (2018) concluded that Al accumulation in liver tissue 
causes hepatotoxicity, which can occur particularly through oxidative strain reactions.  

Various herbal elements have been recommended for steel poisoning (Pari and Prasath, 2008; Lotfi-
Ghahramanloo and Baghshani, 2016). In epidemiological and experimental investigations, antioxidants and 
phenolic compounds were historically explored as chemoprotective retailers to regulate disease progression 
associated with oxidative pressure. Around one-third of the polyphenolic compounds observed in flora are 
phenolic acids. The primary class of phenolic acids located in flowers are hydroxybenzoic and hydroxycinnamic 
acids, respectively. Caffeic acid is a prominent hydroxycinnamic acid that is commonly present in various foods 
such as fruits, vegetables, wine, olive oil, and coffee (Olthof et al., 2001). Studies in lab and sanatorium settings 
revealed the useful properties of caffeic acid and its derivatives, which include antibacterial (Magnani et al., 
2014), antiatherosclerotic (Magnani et al., 2014; Tosovic, 2017), antioxidant (Genaro-Mattos et al., 2015; 
Rodrigues et al., 2015; Tosovic, 2017), anti-inflammatory (Genaro-Mattos et al., 2015; Rodrigues et al., 2015; 
Tosovic, 2017), immunostimulant (Kilani-Jaziri et al., 2017), antidiabetic (Genaro-Mattos et al., 2015; 
Rodrigues et al., 2015; Tosovic, 2017), cardioprotective (Agunloye et al., 2019), anticancer (Xie et al., 2017), 
hepatoprotective (Yang et al., 2013; Bispo et al., 2017) effects. Moreover, caffeic acid was found to protect the 
liver from nickel-induced lesions while reducing the peroxidation of tissue lipids and enzymes that mark 
hepatic lesions and enhancing the antioxidative mechanism (Pari and Prasath, 2008). Furthermore, the useful 
impact of caffeic acid on recuperation from chromium (Arivarasu et al., 2012) and lead-precipitated oxidative 
strain (Lotfi-Ghahramanloo and Baghshani, 2016) were suggested in experimental work.  

Conversely, coumarin (1,2-benzopyrone) is also a natural antioxidant compound found in tonka beans, 
cassia, lavender, yellow candy clover, fruits (e.g., blueberry, cloudberry), inexperienced tea, and chicory (Egan et 
al., 1990). Coumarin is isolated from many plants, including Taraxacum officinale, Alchemilla speciosa, and 
Artemisia montana. These plants have antioxidant, analgesic, and anti-inflammatory activities, with coumarin 
being their primary energetic element (Naghma et al., 2004).  

Biological effects of coumarin include antibacterial, antiviral, antimutagenic, and antioxidant activities, 
inhibition of lipoxygenase and polyoxygenase, inhibition of lipid peroxidation, and scavenging of superoxide 
hydroxyl radicals (Chang et al., 1996; Hoult and Paya, 1996). Various studies confirmed that coumarin 
possesses strong antioxidant properties, which can be attributed to its ability to effectively scavenge free radicals 
and chelate metal ions (Tseng, 1991). To the best of our knowledge, the beneficial effects of coumarin on liver 
damage have not yet been investigated. Thus, the current study evaluates the possible beneficial effects of caffeic 
acid and coumarin on aluminum-prompted liver damage in Wistar rats. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Reagents and chemicals 

Aluminum chloride (AlCl3, 6H2O), caffeic acid, coumarin, Folin–Ciocalteu reagent, hydrochloric acid 
(37%), sulphuric acid (H2SO4), sodium carbonate (Na2CO3), pyrogallol, bovine serum albumin (BSA), 
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thiobarbituric acid (TBA), trichloroacetic acid (TCA), and 2,4-dinitrophenylhydrazine (DNPH), and all used 
chemicals were of analytical grade and purchased from Sigma-Aldrich Chemical Co. (St. Louis, France). 

 
Animals and experimental design 

A total of 40 male Wistar rats, four weeks old, weighing 70 ± 10 g, were used in this study. Our 
experiment was conducted after authorization from the Institutional Ethics Committee for Animal Research 
(agreement number 47/DGLPAG/DVA, SDA 14). It was also approved by the university’s scientific 
committee. Animals were housed in cages, fed ad libitum, exposed to a 12 h light/12 h dark cycle, and room 
temperature was maintained at 22 ± 2 °C. Animals were divided into four groups of 10 animals each as follows: 

• Group 1 (control) served as an untreated control and received an intraperitoneal injection of 
0.9% saline (NaCl). 

• Group 2 (Al) consisted of Al-intoxicated rats that received a dose of 60 mg kg-1 body weight 
(BW) of Al chloride once a week. 

• Group 3 (Al-CA) was the caffeic acid-treated group, which received a dose of 30 mg kg-1 BW 
by gavage three times a week simultaneously with an intraperitoneal injection of 60 mg kg-1 
BW of Al chloride once a week. 

• Group 4 (Al-Coum) was the coumarin-treated group that received a dose of 5 mg kg-1 BW by 
gavage three times per week simultaneously with an intraperitoneal injection of 60 mg kg-1 
BW of Al once a week. 

The current study selected the dose and mode of preparation and administration of chemical agents 
based on published literature and the method used in our laboratory (Kharoubi et al., 2016; Lahouel et al., 
2020). All groups were treated under the same housing conditions for a period of 45 days.   

 
Sample collection 

At the conclusion of the experimental period, 24 hours after the final administration, the rats were 
euthanized under anesthesia using an intraperitoneal injection of a 10% chloral solution (Pentobarbital) at a 
dosage of 3 ml kg-1 of BW. The animals were weighed before being sacrificed; then, after the sacrifice, their 
blood was collected and centrifuged to obtain the serum for the biochemical assays and the liver was quickly 
removed, rinsed with a saline solution (0.9% NaCl), then weighed and saved at -80 °C till use. A portion of the 
liver was preserved in 37% formalin diluted to 1/10th to generate histological sections. The organ weight ratios 
were envisioned and their relative weights were calculated in g 100 g-1 BW. Later, the liver became homogenized 
with 10 volumes of phosphate buffer (0.1 mol l-1, pH 7.4) and centrifuged at 3000 × g for 10 min at 4 °C and 
the resulting supernatant was centrifuged at 10,000 × g for 10 min at 4 °C. The final supernatant was separated, 
after which it was used for the estimation of the biochemical parameters. 

 
Lipids extraction and analysis 

Total hepatic lipids were extracted with chloroform: methanol (2:1/V:V) according to the method of 
Folch et al. (1957). Then, 1 g of liver tissue was homogenized in 20 mL of extraction solvent and stored 
overnight at + 4 °C; after filtration, the first extract was obtained. This step was repeated three times to 
homogenize the residue completely and extract the lipids. The three extracts were combined, and the volume 
was measured. The lipid extract was stored at +4 °C for subsequent biochemical analysis. 

 

Biochemical assessment 

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), 
gamma-glutamyl transferase (γGT), lactate dehydrogenase (LDH), and triglycerides were estimated using 
diagnostic kits (ChronoLab, Spain). Total, HDL, and LDL cholesterol levels were measured using the 
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Spinreact Kit according to the manufacturer’s protocol. Concurrently, the phospholipid content was measured 
according to the method described by Zhou and Gilbert (1992). 

 
Protein estimation 

Protein was measured using the method of Lowry et al. (1951) with BSA as a standard, and necessary 
dilutions were obtained to get the correct concentrations of the proteins present in tissues. 

 
Lipid peroxidation (TBARS) 

LPO levels in liver homogenates were estimated by measuring malondialdehyde (MDA) formed using 
substances reactive with thiobarbituric acid, according to the spectrophotometric method of Ohkawa et al. 
(1979). Briefly, 0.2 ml of supernatant prepared from homogenized tissues was added to 0.2 ml of sodium 
dodecyl sulfate, 1.5 ml of acetic acid, and 1.5 mL of thiobarbituric acid. After making up the volume with 4 ml 
of distilled water, the samples were heated in a boiling water bath for 60 min; then, the samples were cooled 
and centrifuged at 4000 rpm for 10 min. Absorbance was measured at 532 nm. The amount of MDA was 
calculated using a molar extinction coefficient of 1.56 × 105 mol l-1 cm-1. 

 

Measurement of protein carbonyls 

The oxidative protein damage was determined using the method of Levine et al. (1990). Briefly, 500 µl 
of 10 mM 2,4-dinitrophenylhydrazine (DNPH), dissolved in 2.5 M HCl, was added to 200 µl of the sample 
and then incubated for 1 h at room temperature in the dark. Samples were vortexed every 15 min. After adding 
500 µl of 20% TCA, the tubes were centrifuged for 3 min at 11000 rpm to collect the protein precipitates. 
Three washes were performed using 1 ml ethanol-ethyl acetate (1:1 v/v). The pellets were dissolved in 600 µl 
of 6 M guanidine hydrochloride and left for 10 min at 37 °C and then centrifuged for 3 min at 11000 rpm. The 
absorbance of the samples was recorded at 370 nm. The protein carbonyl content was expressed as nmol mg-1 
of protein.   

 
Catalase activity (CAT) 

CAT was measured using Aebi’s method (1994). The decomposition rate of H2O2 was followed by 
monitoring the absorption at 420 nm. Briefly, 250 ml of liver homogenates and 250 mL of 0.03 mol l-1 H2O2 
(prepared in phosphate buffer, 0.066 mol l-1, pH 7.0) were added to a cuvette. After incubation for 5 min, 
TiOSO4 was added to the mixture and the absorbance was directly measured against phosphate buffer as a 
blank, and one unit of CAT equals 1 mmol of degraded H2O2 mg-1 protein. 

 
Determination of superoxide dismutase (SOD) activity 

The Marklund and Marklund (1974) assay technique was performed in a buffer (50 mM Tris-HCl and 
10 mM EDTA) at pH 8.2, with a fraction of brain homogenate and pyrogallol (15 mM) and the change in 
absorbance was followed for three minutes at a wavelength of 440 nm. Results are expressed as U of SOD mg-1 
of protein. 

 
Glutathione peroxidase activity (GSH-Px) 

Glutathione peroxidase (GSH-Px) activity in liver and kidney tissues was assessed using the method of 
Rotruck et al. (1973). Briefly, the reaction mixture contained 0.2 ml of Tris-HCl buffer (0.4 mol l-1, pH 7.0), 
0.2 ml of reduced GSH (1 mmol l-1), 0.1 ml of sodium azide (10 mmol/L), 0.1 mL of H2O2 (1 mmol l-1), and 
0.2 ml of tissue sample. After incubation at 37 °C for 10 min, the reaction was stopped by adding 0.4 ml of 10% 
trichloroacetic acid and the tubes were subjected to centrifugation at 2400 rpm for 10 min. The supernatant 
(0.2 ml) was then added 0.1 ml of Ellman's reagent (0.019 × 8 g of DTNB prepared in 0.1% sodium citrate). 
Absorbance was recorded at 340 nm. 
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Nitrite oxide (NO) 

The accumulation of nitrite in the supernatant, an indicator of nitric oxide (NO) production, was 
determined by a colorimetric assay using Greiss reagent (0.1% N-(1-naphthyl) ethylene diamine 
dihydrochloride, 1% sulfanilamide, and 2.5% phosphoric acid), as described by Green et al. (1982). Equal 
volumes of supernatant and Greiss reagent were mixed, the mixture was incubated for 10 min at room 
temperature in the dark, and the absorbance was determined at 540 nm spectrophotometrically. The 
concentration of nitrite in the supernatant was determined based on the sodium nitrite standard curve and 
expressed as mmol per mg protein. 

 
Evaluation of the tissue proinflammatory marker TNF-α: 

Tumor necrosis factor alpha (TNF-α) levels in liver tissue were measured using a Rat ELISA kit 
(RAB0479 Sigma-Aldrich) according to the manufacturer’s instructions. The results were interpolated from 
the standard curve derived from the TNF-α standards provided by the manufacturer. 

 
Statistical analysis 

Data were expressed as mean ± standard deviation (SD). Differences between means were analysed with 
a one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test using SPSS version 25. A P-value 
level of less than 0.05 was considered significant. 

 
 
Results Results Results Results     
 
Effect of treatment on body weight and liver 

The present study reports the variations in BW, liver weight, and relative liver weight of rats subjected 
to different treatments (Table 1). Notably, Al exposure led to a statistically significant reduction in final BW 
and absolute tissue weight of the liver (P < 0.001), with a decline of 15.93% and 15.69%, respectively, compared 
to the control group. However, concomitant administration of caffeic acid and coumarin along with aluminum 
resulted in a modest improvement, with a significant change (P < 0.05) in BW of 7.36% noted solely in the Al-
Coum group. No significant difference was observed in relative liver weight among the experimental groups. 

 
Table Table Table Table 1111. . . . Effects of aluminum chloride and treatment on body weight and absolute and relative liver weight    

Values are represented as mean ± SD for each group. ***: P < 0.001 compared with the control group; #: P < 0.05 
compared with the Al group; ANOVA: one-way analysis of variance.  

 
Effect of treatment on biochemical analysis 

The mean values of biochemical indicators of liver function for the control and experimental groups are 
presented in Table 2. Al treatment induced a statistically significant increase (P < 0.001) in AST, ALT, PAL, 

PPPParameters arameters arameters arameters     
GroupsGroupsGroupsGroups    

ControlControlControlControl    AlAlAlAl    AlAlAlAl----CACACACA    AlAlAlAl----CoumCoumCoumCoum    
Initial body weight 
(g) 

71.57 ± 6.04 69.90 ± 4.91 68.77 ± 6.31 73.82 ± 5.07 

Final body weight 
(g) 

202.98 ± 13.72 
170.65 ± 11.54 

*** 
178.38 ± 6.31 

184.21 ± 8.57 
# 

Absolute liver 
weight (g) 

5.86 ± 0.63 
4.94 ± 0.55 

*** 
5.065 ± 0.692 4.96 ± 0.32 

Relative liver weight 
(g 100 g–1 of body 
weight) 

2.94 ± 0.09 2.71 ± 0.17 2.86 ± 0.37 2.78 ± 0.18 
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and LDH levels compared to the control group, increasing them by 62.44%, 43.83%, 62.71%, and 57.79%, 
respectively. No significant alteration was noted in the activity levels of γGT in this group. In contrast, oral 
administration of caffeic acid and coumarin displayed therapeutic potential by significantly reducing (P < 0.05) 
the levels of these parameters, except for ALT activity in the Al-Coum group and γGT activity in the Al-CA 
group compared to the intoxicated group. 

 
Table 2.Table 2.Table 2.Table 2. Effects of aluminum chloride and treatment on serum biochemical parameters 

Values are represented as mean ± SD for each group. ***: P < 0.001 compared with the control group; #: P < 0.05; 
###: P < 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 

Effect of treatment on lipid profile 

The determination of the lipid panel of the different treatment groups (Table 3) indicates that the serum 
levels of cholesterol, triglycerides, LDL-c, and total chol/HDL-c ratio were significantly higher in the rats 
intoxicated with aluminum by 40.96%, 37.93%, 54.16%, and 59.13%, respectively, compared with rats in the 
control group and other treatment groups. However, a significant decrease was observed in the Al-CA and Al-
Coum groups compared to the Al-only group. Conversely, the HDL-c level was reduced in the Al group by 
40.96%, but no significant difference was recorded in the treated groups. 

 
Table 3.Table 3.Table 3.Table 3. Effects of aluminum chloride and treatment on serum concentrations of total cholesterol (T 
Chol), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein 
cholesterol (LDL-c), and the ratio of T Chol/HDL-c 

Values are represented as mean ± SD for each group. ***:P < 0.001 compared with the control group; #: P < 0.05; ##: 
P < 0.01; ###: P < 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 

Furthermore, in liver tissue, we recorded an increase in the level of total cholesterol and triglycerides of 
32.24% and 36.25%, respectively, and a reduction of 38.02% in the concentration of phospholipids in rats 

PPPParameters arameters arameters arameters     
GroupsGroupsGroupsGroups    

ControlControlControlControl    AlAlAlAl    AlAlAlAl----CACACACA    AlAlAlAl----CoumCoumCoumCoum    

AST (U l–1) 16.66 ± 6.59 
29.66 ± 6.08 

*** 
21.66 ± 1.36 

# 
17.52 ± 2.23 

### 

ALT (U l–1) 10.33 ± 1.03 
27.5 ± 2.672 

*** 
13 ± 2.36 

### 
25.5 ± 4.81 

PAL (U l–1) 11 ± 1.095 
29.5 ± 6.02 

*** 
17 ± 3.28 

# 
18.5 ± 7.12 

# 

γGT (U l–1) 13 ± 5.44 18 ± 8.55 12.66 ± 1.86 
6 ± 2.68 

# 

LDH (U l–1) 117.33 ± 26.85 
278 ± 24.09 

*** 
140.33 ± 16.50 

### 
186.66 ± 32.79 

### 

ParametersParametersParametersParameters    
GroupsGroupsGroupsGroups    

ControlControlControlControl    AlAlAlAl    AlAlAlAl----CACACACA    AlAlAlAl----CoumCoumCoumCoum    
Triglycerides 
(g l–1) 

0.36 ± 0.05 
0.58 ± 0.03 

*** 
0.44 ± 0.01 

### 
0.42 ± 0.02 

### 
Total cholesterol (g 
l–1) 

0.49 ± 0.07 
0.83 ± 0.13 

*** 
0.56 ± 0.086 

## 
0.62 ± 0.14 

# 
LDL-c 
(g l–1l) 

0.11 ± 0.008 
0.24 ± 0.04 

*** 
0.2 ± 0.032 

0.18 ± 0.05 
 

HDL-c 
(g l–1) 

0.32 ± 0.02 
0.22 ± 0.02 

*** 
0.24 ± 0.03 0.23 ± 0.03 

Total 
cholesterol/HDL-c 
ratio 

1.52 ± 0.14 
3.72 ± 0.93 

*** 
2.36 ± 0.66 

## 
2.73 ± 0.74 

## 



Chouari Z et al. (2024). Not Sci Biol 16(1):11748 

 

7 
 

 

 

 

 

 

intoxicated by aluminum compared to those in the control group rats. The treatment with caffeic acid and 
coumarin was able to normalize total cholesterol and phospholipid levels. Concerning the hepatic 
concentration of triglycerides, no significant change was observed. 

 
Table 4.Table 4.Table 4.Table 4. Effect of aluminum chloride and treatment on concentrations of total cholesterol (T Chol), 
triglycerides (TG), and phospholipids (PL) in liver tissue 

Values are represented as mean ± SD for each group. **: P < 0.01; ***:P < 0.001 compared with the control group; ##: 
P < 0.01; ###: P < 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 

 
Effects of treatment on the lipid peroxidation and carbonyl levels 

Figures 1 and 2 demonstrate the variations in TBARS and carbonyl levels. A significant (P < 0.001) 
increase of 66.4% and 66.71% was observed in the levels of TBARS and carbonyls, respectively, in the 
intoxicated rats compared to the controls. Treatment with caffeic acid and coumarin decreased TBARS 
production in both the Al-CA and Al-Coum groups, with a reduction of 16.25% and 26.07%, respectively. 
Treatment with these compounds also resulted in a significant decline in carbonyl levels, with the Al-CA and 
Al-Coum groups exhibiting a reduction of 24.25% and 32.16%, respectively, compared to the intoxicated rats. 
Caffeic acid resulted in fewer effective outcomes for restoring normal values of modified parameters than 
coumarin. 

 

 
Figure Figure Figure Figure 1111.... Effect of aluminum chloride and treatment on TBARS level (nmol mg-1 of protein) 
Values are represented as mean ± SD for each group. ***:P < 0.001 compared with the control group; #:P < 0.05; ###: 
P < 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 
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ParametersParametersParametersParameters    
GroupsGroupsGroupsGroups    

ControlControlControlControl    AlAlAlAl    AlAlAlAl----CACACACA    AlAlAlAl----CoumCoumCoumCoum    
Total cholesterol 
(mg dl–1) 

64.99 ± 11.51 95.92 ± 22.68 
53.5 ± 25.54 

## 
35.1 ± 25.88 

### 
Triglycerides 
(g l–1) 

1.6 ± 0.57 
2.51 ± 0.39 

** 
2.24 ± 0.54 2.14 ± 0.46 
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*** 
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Figure Figure Figure Figure 2222. . . . Effect of aluminum chloride and treatment on carbonyl level (nmol mg-1 of protein) 
Values are represented as mean ± SD for each group. ***:P < 0.001 compared with the control group; ##: P < 0.01; 
###: P < 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 

 
Effects of treatment on the antioxidant parameters 

The impact of Al exposure on hepatic redox status was assessed in this study, and the results are shown 
in Figures 3, 4, 5, and 6. CAT, SOD, and GPx levels were significantly decreased by 33.15%, 44.20%, and 
61.80%, respectively, in the Al-exposed group compared to the control group. Moreover, NO concentrations 
increased significantly (P ≤ 0.001; Figure 6). Conversely, treatment with caffeic acid and coumarin during 
exposure to Al increased CAT, GPx, and SOD levels. GP-x and SOD activities were significantly increased by 
42.01% and 71.31% in the Al-CA group, respectively, and 22.58% and 65.23% in the Al-Coum group, 
respectively, compared to those in the Al-treated group. The Al-CA and Al-Coum groups showed a significant 
(P ≤ 0.001) reduction in NO content (56.60%, 42.49%) compared with the Al group. 

 

 
Figure 3. Figure 3. Figure 3. Figure 3. Effect of aluminum chloride and treatment on catalase activity (mmol mg-1 of protein) 
Values are represented as mean ± SD for each group. **:P < 0.01 compared with control group; ANOVA: one-way 
analysis of variance. 
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Figure 4.  Figure 4.  Figure 4.  Figure 4.  Effect of aluminum chloride and treatment on SOD Activity (U mg-1 of protein) 
Values are represented as mean ± SD for each group. ***:P < 0.001 compared with control group; #: P < 0.05; ###: P 
< 0.001 compared with the Al group; ANOVA: one-way analysis of variance. 

 

 
Figure 5. Figure 5. Figure 5. Figure 5. Effect of aluminum chloride and treatment on GP-x activity (µmol min-1 mg-1 of protein) 
Values are represented as mean ± SD for each group. ***: P < 0.001 compared with the control group; ###: P < 0.001 
compared with the Al group; ANOVA: one-way analysis of variance. 
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Figure 6. Figure 6. Figure 6. Figure 6. Effect of aluminum chloride and treatment on NO level (µmol mg-1 of protein) 
Values are represented as mean ± SD for each group. ***: P < 0.001 compared with the control group; ###: P < 0.001 
compared with the Al group; ANOVA: one-way analysis of variance. 

 
Effects of treatment on TNF-α level 

Aluminum administration resulted in a highly significant (P < 0.001) increase in TNF-α levels by 
80.45% in the intoxicated group compared to the control group. However, pretreatment with caffeic acid and 
coumarin significantly (P < 0.001) reduced the changes in TNF-α levels induced by aluminum (58.94% and 
36.99%, respectively). 

 
Table 5.Table 5.Table 5.Table 5. Effect of aluminum chloride and treatment on TNF-α levels 

ParametersParametersParametersParameters    
GropusGropusGropusGropus    

ControlControlControlControl    AlAlAlAl    AlAlAlAl----CACACACA    AlAlAlAl----CoumCoumCoumCoum    

TNF-α (pg ml–1) 103.05  ± 15.19 
527.32 ± 68.1 

*** 
216.56 ± 98.61  

### 
332.24 ± 41.17  

### 
Values are represented as mean ± SD for each group. ***:P < 0.001 compared with control group; ###: P<0.001 
compared with the Al group; ANOVA: one-way analysis of variance. 

 
 
DiscussionDiscussionDiscussionDiscussion    
 
The liver plays a central role in the metabolic processing of xenobiotics, including aluminum, which can 

cause hepatic dysfunction through degeneration, inflammation, or necrosis of hepatocytes when accumulated 
(Belaïd-Nouira et al., 2013). Therefore, the present study aims to investigate whether caffeic acid and coumarin 
could protect liver tissue from aluminum-induced toxicity. Our results revealed that compared to the control 
group, exposure to aluminum led to changes in BW and liver weight, suggesting a potentially adverse effect of 
aluminum on weight (Table 1), possibly resulting from the interaction of aluminum with hormonal status 
and/or protein synthesis. These findings are in line with those of previous research (El-Demerdash et al., 2022), 
which reported that AlCl3 administration decreased body and liver weight. Similar results were also reported 
by Balgoon (2019). The reduction in absolute liver weight after Al administration in rats could be due to 
hepatocyte inflammation, which may be associated with Al metabolism or direct toxicity. However, our study 
revealed that rats treated with caffeic acid and coumarin exhibited improved final BW and absolute liver 
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weight; this is in agreement with the results of Oršolic et al. (2021), where caffeic acid treatment altered BW 
changes in diabetic mice. 

In this study, all the Al-intoxicated rats displayed typical hepatotoxicity patterns, as evidenced by 
elevated serum levels of AST, ALT, ALP, γGT, and LDH, which are important biomarkers for indicating 
hepatocellular damage (Chen et al., 2019). These results suggest that hepatocytes might have been altered in 
their transport function and membrane permeability or that enzymes leaked from the cell into the bloodstream. 
The study’s findings are consistent with those of recent research that has evidenced significant plasma 
elevations of these enzyme activities in animals consuming aluminum chronically owing to severe membrane 
damage (Balgoon, 2019; Othman et al., 2020; El-Demerdash et al., 2022). AST and ALT, known as 
transaminases, are critical enzymes for biological processes. Their increased levels were consistent with those in 
previous research demonstrating an association between exposure to Al and liver necrosis attributed to possible 
binding of Al to DNA or RNA, thereby inhibiting the function of critical enzymes such as hexokinase, acids, 
alkalines, phosphatases, and phosphodiesterases (Ochmanski and Barabasz, 2000). ALP, a membrane-bound 
enzyme, is responsible for transporting multiple metabolites and is thus considered a biomarker for pathologies. 
A decrease in its activity may indicate the impairment of cellular metabolic processes and interfere with its 
transport function (Shakoori et al., 1994). 

The results of our study showed that exposure to Al caused a significant increase in the plasma activity 
of ALP, potentially due to increased membrane permeability or severe damage to the liver tissue membrane 
(Cheng et al., 2014; Al-Qhtani and Farran, 2017). We also found that LDH activity was significantly increased 
in AlCl3-intoxicated rats, which is in agreement with the findings of prior research conducted by Cheraghi and 
Roshanaei (2019) and El-Demerdash et al. (2022). This effect may result from cellular impairment, leading to 
disturbances in carbohydrate and protein metabolism and energy depletion (Sivakumari et al., 1997). More 
importantly, treatment with caffeic acid and coumarin significantly improved Al-induced liver lesions in rats. 
These findings are consistent with prior research demonstrating the hepatoprotective activities of caffeic acid 
in rodents (Olayinka et al., 2017; Vanderson et al., 2017) and confirm that caffeic acid can maintain normal 
architectural structure and hepatocyte integrity, preventing the leakage of serum marker enzymes (Olayinka et 
al., 2017). In contrast, Belgin et al. (2011) concluded that coumarin (1,2-benzopyrone) has limited 
hepatoprotective effects against CCl4-induced liver damage, as it only slightly decreased serum enzyme levels 
compared to other coumarin derivatives.  

The administration of aluminum causes considerable disturbances in lipid metabolism (lipoprotein 
fractions) in rats. These disturbances present with hypertriglyceridemia and hypercholesterolemia at the serum 
and tissue level, which may indicate a loss of membrane integrity, a disturbance in lipid metabolism and/or 
hepatic dysfunction (Sarin et al., 1997). Concomitant with our findings are several studies that reported that 
Al induced abnormal activities of lipase enzymes, which appear to be one of the main factors responsible for 
increasing serum cholesterol after AlCl3 administration (Ghorbel et al., 2017). In liver tissue, phospholipids 
were found to be reduced following Al intoxication; this result is in agreement with that of Belmokhtar et al. 
(2020). Regarding the effect of caffeic acid and coumarin treatment on the lipid profile, it was observed in this 
study that these compounds were able to reduce the metal-induced elevation of the lipid profile, which could 
be attributed to their possible inhibitory effect on endogenous lipid synthesis. 

Moreover, we suggest that the toxic effects associated with aluminum exposure may be due to the 
generation of reactive oxygen species (ROS), leading to lesions via oxidation of cellular macromolecules such as 
lipids and proteins and ultimately triggering DNA damage (Al Olayan et al., 2020; Mokrane et al., 2020). In 
rats exposed to Al, we observed disturbances in their antioxidant status, which manifested as a significant 
increase in TBARS and carbonyl levels. These results are in line with previous findings, where the consumption 
of Al salts promotes lipid peroxidation and protein oxidation (El-Kholy et al., 2010; Othman et al., 2020; El-
Demerdash et al., 2022).  
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The presence of polyunsaturated fatty acid tails on the phospholipidic components of biological 
membranes is responsible for their fluidity, as reported by Catala (2015). Excessive free radicals promote lipid 
peroxidation, leading to the formation of a range of complexes, including MDA, reactive carbonyl compounds, 
and lipid peroxides (Valko et al., 2006; Ayala, 2014). These effects are accompanied by a reduction in 
antioxidant enzyme activities, including catalase (CAT), superoxide dismutase (SOD), and glutathione 
peroxidase (GPx), which form the front line of defense against oxidative stress and protect cellular biomolecules 
from oxidative damage. These findings demonstrate the role of free radicals in the oxidative damage induced 
by Al toxicity. Our observations are consistent with earlier research that has shown that Al uptake stimulates 
oxidative stress and inhibits antioxidant enzyme activity in hepatic tissues (Mokrane et al., 2020; Othman et 
al., 2020; El-Demerdash et al., 2022). The inhibition of antioxidant enzyme activity may arise due to the 
reduced biosynthesis of these enzymes underpinning higher intracellular levels of Al and/or the overproduction 
of free radicals (Nampoothiri et al., 2015). The estimation of nitrite is an indirect technique to evaluate NO 
levels. Thus, the high nitrite levels suggest elevated NO levels in the liver. Our findings show a high nitrite level 
in Al-exposed animals compared to that in the control group, confirming other research results (Mokrane et 
al., 2020; Othman et al., 2020). NO reacts readily with superoxide radicals to form peroxynitrite, capable of 
causing cellular damage by instigating lipid peroxidation and protein adduct formation that contribute to cell 
damage (Kumar et al., 2013). Studies on hepatoprotection highlighted the antioxidant activity of phenolic 
compounds against free radicals in living systems, protecting against oxidative stress and liver damage in rats 
(Maheswari et al., 2008).  

Our findings suggest that prior treatment with caffeic acid and coumarin restores the balance of oxidant 
and antioxidant molecules. This is indicated by the levels of TBARS, carbonyls, and NO, as well as the increased 
activities of antioxidant enzymes (CAT, SOD, GP-x) in the Al-CA and Al-Coum groups compared to the Al 
group. These outcomes are consistent with those of previous reports by Bilgin et al. (2011), Rajarajeswari and 
Pari (2011), Olayinka et al. (2017), and Manju and Jagadeesan (2019), which showed that caffeic acid and 
coumarin can scavenge free radicals and enhance the activities of antioxidant enzymes by decreasing oxidative 
stress. Particularly, Rajarajeswari and Pari (2011) found that coumarin restores peroxidative lipid markers to 
normal levels in diabetic rats, and Chang et al. (1996) demonstrated its inhibition of lipoxygenase activity and 
lipid peroxidation and trapping of superoxide and hydroxyl radicals. Furthermore, caffeic acid was found to 
scavenge free radicals and attenuate lipid peroxidation, possibly due to its antiradical activity. These findings 
are consistent with those of other studies showing that Al ingestion elevates tissue TNF-α (Othman et al., 2020; 
El-Demerdash et al., 2022), potentially disrupting the prooxidant/antioxidant balance. However, TNF-α levels 
were reversed in the groups treated with caffeic acid and coumarin, consistent with the results of Mallik et al. 
(2016), who demonstrated that caffeic acid can decrease lipopolysaccharide-induced neuroinflammation. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The experimental results demonstrated that exposure to aluminum chloride leads to impaired liver 

function through oxidative damage, disruption of the antioxidant defense system, and alterations in the 
biomarkers of liver function. Conversely, pretreatment with caffeic acid and coumarin was found to restore 
liver function and provide protection against the toxic and detrimental effects of aluminum. 
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