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Abstract: Severe acute liver failure (ALF) manifests itself as a rare syndrome, with multiple etiologies for 

similar clinical conditions. Melatonin (MLT) is a lipophilic indolamine that is synthesized in the pineal gland 

from serotonin. This study was designed to evaluate hepatic changes resulting from the thioacetamide-induced 

ALF model, as well as the effects of MLT treatment in male Wistar rats (n = 56) in 24- and 48-h experiments. 

The results indicate a hepatoprotective effect of MLT, with no difference between the studied times, and 

increased animal survival. 
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I. Introduction 
Hepatopathies are recognized as one of the major health problems worldwide, since they involve 

different etiological agents and are associated with different outcomes. In this context, severe acute liver failure 

(ALF) represents a life-threatening condition. The rapid dysfunctional course of a previously normal liver is 

responsible for a high mortality rate [1]. 

ALF is the situation that occurs when there is severe acute liver injury, with necrosis of most 

hepatocytes without clear and rapid regeneration in a previously normal liver, and which causes severe changes 

in coagulation, with a clinical picture of encephalopathy and coma [2-3]. It manifests itself as a rare, multiple 

etiology syndrome with similar clinical conditions. Hepatocyte lesions are accompanied by pronounced 

coagulopathies, but depending on the cause and the complications involved, hypotension, sepsis, 

immunosuppression, cardiorespiratory dysfunction and liver failure can be observed [4-5]. 

Recent scientific findings indicate the relationship of oxidative stress with changes in energetic 

substrates and in the increased activation of enzymes generating reactive oxygen species (ROS) that promote 

hepatic damage, in addition to the role of pro-inflammatory and vasodilating cytokines in the pathophysiology 

of the disease [6-8]. 

The number of research studies with antioxidant molecules has increased in recent years, motivated by 

the need to understand the mechanisms involved in oxidative stress and restoration of the capacity to combat 

ROS. Different pathological conditions, including those affecting the liver, have been studied and a considerable 

number of substances have been shown to be promising, among them melatonin (MLT) [9-11]. 

MLT, N-acetyl-5-methoxytryptamine, is an indolamine that is synthesized from serotonin, derived 

from the amino acid tryptophan. The potential antioxidant effect of MLT and its metabolites is well documented 

by several scientific evidences. The property of interacting with the electron transport complex in the respiratory 

chain, accepting or donating electrons, and inhibiting lipid peroxidation (LPO) is ascribed to MLT [12]. 

The hepatoprotective effect of MLT was demonstrated by Pi et al. [13] when they observed increased 

SIRT3 protein activity and SOD2 acetylation. These findings confirm the probable hepatoprotective role of 

melatonin in severe fulminant hepatitis, as evidenced by Korkmaz et al. [14] in the fight against ROS and 

reactive nitrogen species (RNS). The administration of MLT by oral route also positively influenced 

mitochondrial liver dysfunctions, reducing hepatic steatosis in obese diabetic rats, indicating its likely 

therapeutic action [15]. 

Investigating the effects of MLT on ALF thus means searching for an alternative therapy for a 

condition of high morbidity and mortality, in order to reduce the damage caused by ROS and inhibit or even 

prevent the progression of the disease. In addition, the present study aimed to evaluate the hepatic alterations 

resulting from the severe acute liver failure model, as well as the effects of melatonin treatment in two 

experiments of 24 and 48 hours. 
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II. Experimental Part 
2.1 Bioethical Considerations 

The study was carried out at the Laboratory of Oxidative Stress and Antioxidants of the Lutheran 

University of Brazil (ULBRA), in Canoas, Rio Grande do Sul, Brazil, after approval by the Ethics Committee 

on Animal Use (CEUA - 2016.120, June 23, 2016). 

Animal handling complied with the ethical principles of animal experimentation in accordance with the 

Brazilian legislation in force (Law 11.794/2008) and the standards of the National Council for Control of 

Animal Experimentation (CONCEA), in accordance with the state animal protection code, respecting as well the 

local procedures established for the care and use of animals. 

 

 2.2 The animals  

Fifty-six male Wistar rats weighing between 200 and 300 grams were used and maintained in the 

research animal facility of ULBRA (RS). During the experiment, the animals were kept in boxes (47cm x 34cm 

x 18cm) covered with wood shavings, in a 12 hours light/dark cycle and temperature between 18 and 22 

°C. Water and food were given ad libitum. 

In order to detect a difference in the magnitude of 1.5 standard deviations (major effect), as assessed by 

histological parameters, estimating α = 0.05 and β = 90%, at least seven animals per group were necessary. 

 

2.3 Experimental groups 
The animals were randomized into eight groups (n = 7). Four groups were evaluated at 24 hours: 

Control 24h (CO-24), Control MLT 24h (CO+MLT-24), Thioacetamide 24h (TAA-24) and Treatment 24h 

(TAA+MLT-24). The other groups were evaluated at 48 hours: Control 48h (CO-48), Control MLT 48h 

(CO+MLT-48), Thioacetamide 48h (TAA-48) and Treatment 48h (TAA+MLT-48). 

 

2.4 Induction of severe acute liver failure and melatonin administration  

Severe acute liver failure was induced by administering two doses of 400 mg/kg/animal of 

thioacetamide (TAA) diluted in saline solution and given intraperitoneally (ip), with an interval of 8 hours from 

each other for both experiments, following the model proposed by Schemitt et al. [16], as shown in Table 1. 

The solution was prepared at the time of administration, under light 

protection. For this purpose, we used MLT (Chemical® Sigma, St. Louis, M) at a dose of 20 mg/kg per animal, 

administered with 500 uL of vehicle composed of sodium chloride (NaCl 0.9%) and 5 uL 

ethanol (1% EtOH), and respecting the circadian cycle of animals.  

 

Table 1. Distribution of animals per group, characterization and description of the number of doses 

administered. 
Group Administered intraperitoneally (ip) 

24-hour control (CO-24) 3 doses of 1 ml of vehicle (0.9% NaCl and 1% EtOH) 

Control MLT 24h (CO+MLT-24) 2 doses of 1 ml of vehicle (0.9% NaCl and 1% EtOH) and 1 dose of MLT (20 mg/kg/animal) 

Thioacetamide 24h (TAA-24) 2 doses of thioacetamide (400 mg / kg) and 1 dose of 1 ml of vehicle (0.9% NaCl and 1% EtOH) 

24-hour treatment (TAA+MLT-

24) 

2 doses of thioacetamide (400 mg / kg) and 1 dose of MLT (20 mg/kg/animal) 

48h Control (CO-48) 5 doses of 1 ml of vehicle (0.9% NaCl and 1% EtOH) 

Control MLT 48h (CO+MLT-48) 2 doses of 1 ml of vehicle (0.9% NaCl and 1% EtOH) and 3 doses of MLT (20 mg/kg/animal) 

Thioacetamide 48h (TAA-48) 2 doses of thioacetamide (400 mg / kg) and 3 doses of 1mL vehicle (0.9% NaCl and 1% EtOH) 

Treatment 48 h (TAA + MLT-48) 2 doses of thioacetamide (400 mg / kg) and 3 doses of MLT (20 mg / kg / animal) 

 

2.5 Survival of animals 
Animal survival for the 24- and 48-hour experiments after administration of the first dose of TAA was 

assessed through the Kaplan-Meier curve analysis. The method divides the follow-up period into intervals, 

assigning limits that correspond to the time at which the events occur, which allows the best evaluation of these 

[17]. 

  

2.6 Tissue and blood sampling and death of animals 
After 24 and 48 hours post TAA administration, the animals were weighed and anesthetized with a 

solution of ketamine hydrochloride (95 mg/kg) and 2% (8 mg/kg) xylazine hydrochloride (ip). Subsequently, 

blood was collected by puncture of the retro-orbital plexus with a capillary glass tube and placed in a test tube 

with heparin to prevent coagulation. 

The animals were submitted to euthanasia by excess anesthetics, i.e. at a dose three times higher than 

usual, following the euthanasia practice guidelines of the National Animal Experimentation Control Council 

[18]. 
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After confirmation of deaths, the abdominal region was shaved and disinfected for subsequent surgical 

intervention, starting with medial ventral laparotomy and then removing the liver for analysis and storage in 

sections. One fragment was immersed in 10% formaldehyde solution for 24 hours for histological analysis and 

another fragment was frozen (-80 °C) for posterior LPO analysis and antioxidant enzyme evaluation. 

  

2.7 Biochemical analyses 
The concentration of protein in liver homogenate was determined according to Bradford [19]. LPO was 

investigated through the ability to react with thiobarbituric acid (TBARS) and the results were expressed in 

nmoles/mg protein [20]. We evaluated the activities of antioxidant enzymes superoxide dismutase (SOD) [21], 

catalase (CAT) [22], glutathione peroxidase (GPx) [23] and glutathione S-transferase (GST) [24]. The 

production of nitric oxide metabolites (NO2/NO3) was measured indirectly by the Griess reaction [25]. 

  

2.8 Histological analysis of hepatic tissue 
For microscopic analysis, slices of liver fragments were stained with hematoxylin-eosin (HE). First, the 

tissue samples were fixed in 10% formalin and embedded in paraffin. In the next step the paraffin blocks were 

cut into 3-micron (3μ) sections using a microtome (Leitz
®
 1512). In the staining step, the slides were immersed 

in hematoxylin-eosin for five minutes each, then subjected to a tap water bath. In the dehydration phase, the 

structures passed through three containers with absolute alcohol and two with xylol. After this procedure, a 

coverslip was placed on the slide using Canada's Balsam or Entellan, thus completing the preparation process. 

The slides were evaluated by blinded researcher, without previous knowledge of the groups, using a 

microscope equipped with a digital camera to capture images by means of Image-Plus software (Media 

Cybernetics®, Bethesda, USA). 

  

2.9  Immunohistochemistry 

Tissue samples were fixed in 10% formalin and embedded in paraffin, to be subsequently 

deparaffinized using xylol and proceed to rehydration in different ethanol degrees. The antigen recovery was 

performed in microwaves in citrate buffer at 100 °C and the endogenous peroxidase activity was blocked by 

incubating the slides in absolute methanol containing 3% hydrogen peroxide at room temperature. 

The sections were preincubated sequentially with 10% rabbit serum at room temperature, in order to 

block possible undesired secondary antibody reactions.   Slides were incubated with polyclonal iNOS antibodies 

(SC-7271), NF-κB (subunit p65) (SC-372) and TNF-α (SC-8301) (Santa Cruz Biotechnology 
®,

 Santa Cruz, CA, 

USA), dilution 1:200 overnight at 4 °C. After this period, the slides were washed with buffer and incubated with 

biotinylated anti-rabbit IgG secondary antibody for 30 minutes at room temperature. Then the slides were 

treated with EnVision
®
 reagent and subjected to three washes with phosphate-buffered saline (PBS). The nuclei 

were stained with hematoxylin, the primary antibody was diluted in PBS, containing bovine albumin as a 

negative control. 

The results were evaluated by a pathologist, who had no prior knowledge of the groups, through a 

microscope equipped with a digital camera to capture images by means of software Image-Plus (Media 

Cybernetics 
®,

 Bethesda, USA). 

  

2.10 Statistical analysis of data 
The quantitative data generated were described by mean and standard deviation. The comparison 

between groups was performed by analyzing variables of repeated measures by one-way ANOVA. The location 

of the difference was performed by the Student Newman-Keuls procedure and the data analyzed 

with software GraphPad INSTAT 3.1. Values were considered significant at p <0.05. 

  

III. Results and Discussion 
Severe ALF is a syndrome that occurs in the healthy liver or liver already with chronic disease, which 

may rapidly evolve to the fulminant form. The experimental models for understanding pathophysiological 

aspects and the definition of therapeutic intervention strategies for treating ALF have become diversified and 

increased in recent years [26]. 

The TAA model induces ALF in its fulminant form with centrilobular necrosis, enzymatic alterations, 

decreased coagulation and nitric oxide, ascribed to the ability of covalent modification in cellular nucleophiles, 

lipids and proteins. This experimental model mimics the physiopathogenic and pathophysiological aspects of the 

disease in humans and helps in the understanding of its progress and the possibility of therapeutic 

intervention [16, 27-29]. 
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3.1 Survival of animals 

Animal survival was evaluated by means of the Kaplan-Meier curve (Fig. 1). The occurrence of deaths 

was recorded from the thirty-ninth hour following ALF induction, only for the TAA group. For these animals, a 

significant difference (p<0.001) between the survival curves was also observed as compared to the MLT group. 

At the end of the 48-hour experiment, the TAA group presented survival of approximately 30%, in 

contrast to the TAA+MLT group, where survival was 100%. Similar results were previously reported in the 

literature using MLT in the treatment of different induced pathological conditions in animal models, such as 

sepsis [30-31], Alzheimer [32], and liver injury caused by cholangiocarcinoma [33]. 

  
3.2 Analysis of hepatic integrity 

Table 2 shows the result for enzyme concentrations associated with liver damage in the 24-hour 

experiment. For the TAA group, a significant increase was observed for all the enzymes evaluated as compared 

to the CO and CO+MLT groups. Exposure to melatonin, however, was able to significantly reduce these levels 

(p<0.001). 

The highest enzymatic activity recorded was associated with elevated AST in the TAA group. This 

increase was higher as compared to the CO group and the greatest reduction of this value was obtained in the 

group receiving MLT. For the ALT enzyme, the same representative increase was observed as compared to the 

CO and CO+MLT groups. In relation to the CO and CO+MLT groups, FA enzyme activity increased 

significantly and was significantly reduced as well. 

 The results of enzymatic activity for the 48 hour experiment show that serum levels of all enzymes 

were also significantly higher (p<0.001) in the TAA group than in the CO and CO+MLT groups. For the 

TAA+MLT group, just like in the 24-hour experiment, a decrease (p<0.05) in enzyme activity was observed. 

The significant increase in AST and ALT (p<0.001) is related to the presence of increased liver 

damage, either by increased cell membrane permeability and intracellular extravasation or by hepatocyte 

necrosis [34]. 

AF is expressed in the hepatocyte canalicular membrane and its elevation means cholestasis, which 

may be related to drug use or xenobiotics [35-36]. 

The antioxidant, anti-inflammatory and hepatoprotective activity observed in the present study is 

corroborated by recent research relating lower activity of aminotransferases and AF to the influence of MLT as 

a therapeutic intervention [37].  

Decreased levels of AST, ALT and AF have been reported in a model of TAA-induced liver fibrosis in 

MLT-treated rats and in the pretreatment of cyclophosphamide-induced hepatotoxicity [38]. Similar result was 

found for the same ALT induction model, used in the present study, using quercetin and glutamine, both as 

monotherapy [16, 39-40]. 

 

 
Figure 1. Kaplan-Meier curve for the frequency of animal survival for TAA and TAA+MLT groups, in the 48-

hour experiment. *Significant difference between curves (p=0.0007), Long Rank (Mantel-Cox) test. 

 

 

 

 

 

 



Action of Melatonin on Severe Acute Liver Failure in Rats 

DOI: 10.9790/3008-1203036275                                  www.iosrjournals.org                                            66 | Page 

Table 2. Serum concentrations of hepatic enzymes aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP) for the 24- and 48-hour experiments. 

Data are expressed as mean (±standard deviation). *Significant increase in relation to CO and CO+MLT groups 

(p<0.001). 
#
Significant reduction relative to the TAA group (p<0.001 and p<0.05). 

 

3.3 Total protein levels 
As shown in Fig. 2, analysis of total protein concentrations indicated a significant reduction (p<0.001) 

between the TAA and the CO and CO+MLT groups, for both periods of 24 and 48 hours. A comparison of TAA 

values with those of the TAA+MLT groups shows a significant increase (p<0.01) after 24 and 48 hours. 

For both experiments, 24 and 48 hours, the total protein level was higher in the MLT-treated groups 

than in the TAA group. This finding suggests the role of MLT in protecting hepatocytes with consequent 

maintenance or resistance of protein integrity. Recent studies indicate that the hepatoprotection granted by 

MLT, administered alone as monotherapy or with other antioxidant substances, may be effective against the 

effects of TAA and other toxic agents [41-42]. 
 

3.4 Lipoperoxidation 

The results for LPO are shown in Fig. 3. For the two periods evaluated, the TAA groups showed a 

marked increase (p<0.001) as compared to the CO and CO+MLT groups. These values were significantly 

reduced (p<0.01) as compared to melatonin-treated animals (TAA+MLT). LPO can trigger the synthesis and 

proliferation of hepatic stellate cells due to oxidative stress. Furthermore, the Kupffer cells are more likely to be 

stimulated and produce cytokines, such as TNF-α, increasing inflammation and inducing apoptosis. In addition, 

LPO reduces activity of the mitochondrial respiratory chain producing more ROS and increasing oxidative 

stress [43]. LPO levels, detected by the TBARS technique, were higher in the TAA group and reduced in both 

MLT-treated groups, suggesting its protective effect. In amitriptyline-induced hepatotoxicity, in cirrhosis by 

carbon tetrachloride use and by bile duct ligation, MLT-treated animals also achieved significantly lower LPO 

[41, 44-46]. Similar results were obtained with quercetin and glutamine in the treatment of TAA-induced ALF 

[16, 39]. 

 
Figure 2. Total protein concentrations determined by the Bradford method for the different 

experimental groups after 24 and 48 hours (control group = CO, CO+MLT = melatonin group, TAA = 

thioacetamide group, TAA+MLT = melatonin-treated group). Data are expressed as mean±standard 

deviation. *Significant decrease in relation to CO and CO+MLT groups (p<0.0001). 
#
Significant increase 

compared to the AAR group (p<0.01). 

 

 

Enzymes CO CO + MLT TAA TAA + MLT 

24h         

AST (U/L) 36.12 (±7.38) 41.66 (±5.12) 415.98 (±32.18)* 258.56 (±22.64)# 

ALT U/L) 21.85 (±2.04) 24.64 (±3.46) 265.48 (±8.49)* 62.48 (±5.15)# 

FA (U/L) 15.03 (±0.95) 16.99 (±1.81) 56.62 (±2.03)* 23.59 (±1.83)# 

48h         

AST (U/L) 35.42 (±6.98) 39.46 (±4.66) 564.92 (±78.45)* 284.23 (±53.48)# 

ALT U/L) 24.57 (±3.954) 29.48 (±3.62) 294.36 (±15.39)* 62.34 (±9.45)# 

FA (U/L) 16.45 (±1.55) 18.64 (±1.36) 65.34 (±3.46)* 25.64 (±1.79)# 
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Figure 3.  Lipoperoxidation values determined by the technique of thiobarbituric acid reactive 

substances (TBARS) (nmol/mg protein) in the different experimental groups (CO=control, MLT=melatonin, 

TAA=thioacetamide, TAA+MLT=melatonin-treated group). Data are expressed as mean±standard 

deviation. *Significant increase in relation to CO and CO+MLT groups (p<0.001). 
#
Significant reduction 

relative to the TAA group (p<0.01). 

 

3.5 Evaluation of Antioxidant Enzymes 
Oxidative damage occurs when the antioxidant defense system, represented endogenously by the 

antioxidant enzymes, is diminished by the presence of free radicals. The ALF model of the present study used 

TAA and measured the enzymatic levels of SOD, CAT, GPX and GST. 

  

3.5.1 Superoxide Dismutase 
SOD activity was greater (p<0.01) in the TAA than in the CO and CO+MLT groups for the two 

evaluated periods, but was more expressive after 48 hours (p<0.001). A significant reduction (p<0.01) around 

50% in SOD activity was observed in the TAA+MLT groups after 24 and 48 hours (Fig. 4). 

SOD is an enzyme that has isoforms, located intracellularly in mitochondria and cytoplasm, responsible 

for the detoxification of ROS from endogenous and exogenous sources, playing an important role against 

oxidative stress [47]. LPO due to administration of TAA influences the increase of superoxide anion levels and 

the higher activity of SOD detected in the TAA groups. 

Findings from the present study revealed a reduction in SOD levels for the MLT-treated group within 

the first 24 hours. Demirtas et al. [48], using the same MLT dosage in the treatment of fructose-induced hepatic 

cytotoxicity, recorded the same decrease. 

 

3.5.2 Catalase 

The values found for CAT enzyme activity were significantly lower in the TAA group than in the CO 

and CO+MLT groups (p<0.05). The animals receiving the melatonin treatment (TAA+MLT) obtained a 

significant increase in the 24h (p<0.05) and 48h (p<0.01) experiments (Fig. 5). 

Along with SOD, CAT is the first line of defense. The reduction of CAT concentration may be 

indicative of redox imbalance and consequent cellular oxidative damage, since increased levels of superoxide 

radicals inhibit its activity [49-50]. 

In the present study, MLT-treated groups obtained a significant increase in CAT enzyme activity for 

both research designs (24 and 48 hours). Similarly, MLT promoted increased CAT concentration in the models 

of salivary gland injury and aggression to testicular tissue by ionizing radiation in multiple sclerosis [50-52]. 

 

3.5.3 Glutathione Peroxidase 
Fig. 6 illustrates the values obtained for GPx enzymatic activity. There was an increase in its mean 

activity after 24 (143%) and 48 (171%) hours for the TAA groups relative to the CO and CO+MLT groups 

(p<0.001). When comparing TAA with the TAA+MLT groups, a significant reduction was observed in both 

evaluated periods (p<0.001). 

The redox balance in tissues depends on the proper functioning of glutathione’s antioxidant 

system. The GPX enzyme oxidizes the reduced form of glutathione (GSH) to neutralize LPO. At the same time, 

GSH is used as substrate by the GST enzyme in the detoxification of compounds that are harmful to the tissue 

[53]. 

 

3.5.4 Glutathione S-Transferase 
Fig. 7 shows the GST enzyme activity. A comparison of mean values between the TAA, CO and 

CO+MLT groups showed a significant increase in GST activity in both the 24- and 48-hour experiments 

(p<0.001). These values as compared to those of melatonin-treated animals (TAA+MLT) were significantly 

reduced (p<0.001). 

 
 

In the present study, increased GST levels were recorded in the TAA groups for both the 24 and 48-

hour experiments, evidencing their importance in the detoxification process.  MLT administration in the groups 

with induced ALF promoted a significant reduction in these enzymatic levels. These results are corroborated by 

previous research confirming MLT's ability to decrease the activity of antioxidant enzymes SOD, GPX and GST 

at different doses, therapeutic regimens and hepatoxicity models, supporting the benefits of MLT in the 

modulation of oxidative stress [42, 54-56]. 
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Figure 4. SOD activity (USOD/min/mg protein) in the experimental groups (CO = control group, 

CO+MLT=melatonin group, TAA=thioacetamide group, TAA+MLT=melatonin-treated group) after 24 and 48 

hours. Data are expressed as mean±standard deviation. *Significant increase in relation to CO group and 

CO+MLT group (p<0.01). 
#
Significant reduction relative to the TAA. group (p<0.01). 

 

 
Figure 5.  CAT enzyme activity (pmol/min/mg protein) after 24 and 48 hours in the different experimental 

groups (CO=Control group, CO+MLT=melatonin group, TAA=thioacetamide group, TAA+MLT=melatonin-

treated group). Data are expressed as mean±standard deviation. *Significant decrease in relation to CO group 

and CO+MLT group (p<0.05). 
#
Significant increase compared to the AAR group (p<0.05). 

 

 
Figure 6.  GPx activity (pmol/min/mg protein) after 24 and 48 hours in the different experimental groups 

(CO=Control group, CO MLT=melatonin group, TAA=thioacetamide group, TAA+MLT=melatonin-treated 

group). Data are expressed as mean±standard deviation. *Significant increase in relation to CO groups and 

CO+MLT group (p<0.001). 
#
Significant reduction relative to the TAA group (p<0.001). 
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Figure 7.  GST enzyme activity (pmol/min/mg protein) after 24 and 48 hours in the different experimental 

groups (CO = Control group, CO+MLT = melatonin group, TAA=thioacetamide group, TAA+MLT=melatonin-

treated group). Data are expressed as mean±standard deviation. *Significant increase in relation to CO and 

CO+MLT groups (p<0.001). 
#
Significant reduction relative to the TAA group (p<0.001). 

 

3.6 Nitric Oxide Metabolites 
Fig. 8 shows NO2/NO3 levels in both experiments (24 and 48 hours). The activity was significantly 

higher (p<0.001) in the TAA group as compared to the value obtained between the means of the CO and 

CO+MLT groups. For the MLT-treated group (TAA+MLT), there was a significant reduction (p<0.001) in the 

nitric oxide metabolite levels as compared to the TAA group. 

The concentration of nitric oxide metabolites was higher in the TAA group than in the CO and 

CO+MLT groups, and MLT intervention brought about a decrease in the TAA+MLT group in relation to the 

TAA group. 

The result for the 48h experiment also showed a significant superiority (p<0.001) for metabolites 

concentration produced in the TAA group, in relation to the average obtained from the CO and CO+MLT 

groups, and these levels were reduced (p<0.01) in the TAA+MLT group. 

This study identified increased levels of NO2/NO3 in the TAA groups, as well as a significant 

reduction in these values upon administration of MLT. This result is corroborated by previous findings that 

showed the effectiveness of MLT in reducing the levels of nitric oxide derivatives [57-58]. 

 

3.7 Histopathological analysis 
Hepatic histology in the CO and CO+MLT groups at 24 and 48h is normal (A and B). In the TAA 

group, both at 24 and 48h, we observed tissue disorganization with necrosis (Ne), inflammatory infiltrate (In), 

and presence of leukocytes and hemorrhagic zones (He). These changes were more pronounced at 48h. The 

TAA+MLT groups (24 and 48h) displayed maintenance of the parenchymal architecture, preservation of 

hepatocyte integrity with few changes. 

In acute hepatitis, the common histological features involve focal necropsies of hepatocytes with cell 

destruction, portal regions with inflammation and presence of mononuclear cell infiltration, tumescence of 

Kupffer cell and bile ducts, and cholestasis [36]. 

The histological analysis for both TAA groups demonstrated disruption and loss of the hepatic tissue 

organization, and such evidence may be associated with the higher LPO that promotes instability in hepatocyte 

membranes with consequent rupture and extravasation of intracellular fluid. In the MLT-treated groups, 

TAA+MLT-24 and TAA+MLT-48h, there is less tissue damage, and such evidence, along with the observed 

low LPO levels, suggests the hepatoprotective effect of MLT in maintaining the integrity of hepatocyte cell 

membranes and hepatic integrity enzymes. 

A histopathological analysis by Shokrzadeh et al. [38] noted the efficacy of MLT in protecting liver 

cells, as reported by Serikov and Lyashev [59], who reported a higher concentration of normal hepatocytes and 

lower liver degeneration due to the use of MLT. In a liver reperfusion model, necroses were not found in MLT-

treated tissues [60]. 

 

 
 Figure 8.  Nitric oxide metabolites activity (mmol/L) after 24 and 48 hours in the different experimental groups 

(CO=control group, CO+ MLT=melatonin group, TAA=thioacetamide group, TAA+MLT=melatonin-treated 

group). Data are expressed as mean±standard deviation. *Significant increase in relation to CO and CO+MLT 

groups (p<0.001). 
#
Significant reduction relative to the TAA group (p<0.001). 

 

3.8 Immunohistochemical evaluations 
The present study showed a greater expression of all the inflammatory markers investigated in the 

TAA-24 and TAA-48 groups, as well as a significant decrease in these values in relation to the MLT-treated 

animals in both experiments. 
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3.8.1 Immunohistochemistry of iNOS 
Figure 10 shows iNOS enzyme expression in the 24 hour experiment. An analysis of the positive pixels 

(E) showed a significant increase (p<0.001) in the TAA as compared to the CO (A) and CO+MLT (B) 

groups. Likewise, a significant reduction (p<0.001) was observed in the TAA+MLT group (D). 

In the 48h experiment (Fig. 11), a greater expression of positive pixels (E) was also observed in the 

TAA (C) as compared to the CO (A) and CO+MLT (B) groups, p<0.001. However, a statistically significant 

reduction (p<0.001) was observed when the TAA+MLT group was compared to TAA group (D). 

The increase of iNOS in the TAA-24 and TAA-48 groups is related to the higher concentration of NO 

derivatives. As reported here, MLT’s ability to reduce iNOS expression was also demonstrated in previous 

studies on induced oxidative stress in liver [42,61]. 

  

3.8.2 Immunohistochemistry of NF-κB  

The analysis of the positive pixel expression for NF- κB in the 24h experiment (Fig. 12) showed a 

significant increase (p<0.001) as compared to the values of the TAA (C) and CO (A) and CO+MLT (B) groups. 

Such positive expression was significantly lower in the TAA (p<0.001) than in the TAA+ MLT group (D). 

In the 48h experiment (Fig. 13), a highly significant difference (p<0.001) was observed when pixel 

expression in the TAA group (C) was compared with the CO (A) and CO+MLT (B) groups. This value is halved 

compared to the results of the TAA+MLT group (D), also representing a significant decrease (p<0.001). 

  
3.8.3 Immunohistochemistry of TNF-α  

Fig. 14 shows the images obtained from immunohistochemistry for the 24h experiment. Positive pixel 

expression was higher in the TAA (C), and as compared to the CO (A) and CO+MLT (B) groups this value was 

significantly increased (p<0.001). The same analysis demonstrates a significant reduction (p<0.001) in the 

MLT+TAA as compared to the TAA group (D). 

In the 48h experiment (Fig. 15), the same increased pixels expression in the TAA group (C) was 

observed as compared to the CO (A) and CO+MLT groups (B). And as the TAA+MLT (D) is compared to the 

TAA group, the reduction is significant (p<0.001). 

After liver tissue injury, Kupffer cells release certain substances, among which TNF-α, which 

determines the change from mitotic phase G0 to G1 in order to promote liver regeneration and at the same time 

stimulating nuclear transcription factor NF-κB [62]. Immunohistochemical markers TNF-α and NF-κB were 

also significantly decreased in the groups that received treatment with MLT in the hepatic ischemia model [40, 

46, 63]. The effect of MLT in the protection of cell membranes, proteins and mitochondrial DNA can be 

considered an indirect action against oxidative stress in the different injuries that affect the liver. Modulation of 

the immune system and production of endogenous substances associated with antioxidant, anti-inflammatory 

and anti-apoptotic functions are also assigned to it [64]. In a viral model of ALF induced in rabbits, MLT 

showed antioxidant and antiapoptotic effect, in addition to the inhibition of viral RNA replication [65]. 
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Figure 9. Photomicrograph of liver tissue in the 24h (left column) and 48h (right column) experiments. In A and 

B note the normality of the architecture in the hepatic parenchyma present in the CO and CO+MLT groups, 

respectively. C corresponds to the TAA group, black arrows indicate necrosis (N), inflammatory infiltrate (In) 

and hemorrhage (He). In D note that for the TAA+MLT groups, there is evidence of parenchymal restructuring, 

with less damage and reduced manifestations of He and Ne. 

 
Figure 10. Immunohistochemical expression of nitric oxide synthethases (iNOS) in acute liver failure (ALF) 

model 24 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, (B) CO+MLT 

group, (C) TAA group, (D) TAA+MLT group, (E) quantification by % of positive pixels (*
, # 

p<0.001). n = 28. 
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Figure 11. Immunohistochemical expression of nitric oxide synthethases (iNOS) in acute liver failure (ALF) 

model 48 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, (B) CO+MLT 

group, (C) TAA group, (D) TAA+MLT group, (E) quantification by % of positive pixels (*
, # 

p<0.001). n = 28. 

 
Figure 12. Immunohistochemical expression of nuclear kappa-B transcription factors (NF-κB) in acute liver 

failure (ALF) model 24 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, 

(B) CO+MLT group, (C) TAA group, (D) TAA+MLT group, (E) quantification by % of positive pixels (*
, 

# 
p<0.001). n = 28. 

 

 
Figure 13. Immunohistochemical expression of nuclear kappa-B transcription factors (NF-κB) in acute liver 

failure (ALF) model 48 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, 

(B) CO+MLT group (C) TAA group, (D) TAA+MLT group, (E) quantification by % of positive pixels (*
, 

# 
p<0.001). n = 28. 

 

 
Figure 14. Immunohistochemical expression of tumor necrosis factor (TNF-α) in acute liver failure (ALF) 

model 24 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, (B) CO+MLT 

group, (C) TAA group, (D) TAA+MLT group, (E) quantification by% of positive pixels (*
, # 

p<0.001). n = 28. 
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Figure 15. Immunohistochemical expression of tumor necrosis factor alpha (TNF-α) in acute liver failure (ALF) 

model 48 hours after induction with thioacetamide (TAA) at 200x magnification. (A) CO group, (B) CO+MLT 

group, (C) TAA group, (D) TAA+MLT group, (E) quantification by % of positive pixels (*
, # 

p<0.001). n = 28. 

The antioxidant effect of MLT may be attributed to its own molecular structure, because the indole 

nucleus is the primary point of interaction because it has high resonance stability and low activation energy 

barrier towards ROS. Despite the contribution of side chains, carbon 3 is the functional grouping capable of 

receiving the electrophilic addition, even though there are reports of variations of complexes formed with other 

sites of the molecule [66-67]. 

In addition, MLT has different metabolites that exhibit variations in functional groups and, thus, 

possess distinct biological properties and rates of electron consumption [68-69]. 

Synthetic compounds derived from MLT have been studied so that the analysis of structure-activity 

relationship enhance the understanding of receptors and the antioxidant mechanism in the different pathological 

conditions reported in the literature, including liver dysfunctions [70-71]. 

  

IV. Conclusion 
 These results show that there is no difference between the studied times. Notably, survival was 

higher in the 24h experiment, and liver damage was slightly greater in the 48h experiment in the TAA 

groups. However, no difference was observed concerning the effects of MLT on the treated groups in either 

period. 

MLT administration was able to restore serum levels of liver enzymes related to hepatic integrity, 

reduce lipid peroxidation, decrease SOD, GPX and GST activities, as well as increase CAT activity. 

Furthermore, there was a decrease in nitric oxide metabolites levels, restructuring of liver tissue integrity, and 

reduction of the immunohistochemical expression of inflammatory markers iNOS, NF- κB and TNF-α. 

Advances in studies with MLT in the TAA-induced ALF model, considering its interaction with 

different inflammatory markers related to cell death, as well as elucidation of the molecular mechanisms of 

action of MLT, can help to narrow the distance between bench and hospital bed, thus promoting the translational 

aspect.  
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