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Non-alcoholic fatty liver disease and alcoholic fatty liver disease are major hepatic disorders 
characterized by lipid accumulation, oxidative stress, and inflammation, yet they differ 
fundamentally in aetiology. While Non-alcoholic fatty liver disease is primarily driven by insulin 
resistance and metabolic syndrome, alcoholic fatty liver disease arises from chronic alcohol 
consumption and the hepatotoxic effects of its metabolites. Current therapeutic approaches for both 
conditions are limited, often relying on lifestyle modifications or nonspecific pharmacological 
agents. Sodium orthovanadate, an inorganic vanadium compound, has emerged as a novel 
candidate due to its multifaceted pharmacological profile. Acting as an insulin mimetic, it enhances 
insulin signalling and glucose uptake, while also exerting potent antioxidant and anti-inflammatory 
effects. These properties make it uniquely suited to address both metabolic and alcohol-related 
liver dysfunction. Preclinical studies have demonstrated its ability to reduce hepatic steatosis, 
normalize lipid profiles, improve mitochondrial function, and suppress inflammatory cytokines. 
Notably, its mechanism of action in Non-alcoholic fatty liver disease primarily involves 
modulation of glucose, whereas in alcoholic fatty liver disease, it acts by attenuating oxidative 
damage and downregulating Necrosis Factor-κB-mediated inflammation. Despite these promising 
outcomes, clinical translation is constrained by concerns regarding long-term toxicity. 
Nevertheless, Sodium orthovanadate holds significant potential as a dual-purpose therapeutic agent 
targeting the complex pathophysiology of fatty liver diseases.. 
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1. Introduction 
Fatty liver disease represents a significant and 
growing public health burden, encompassing a range 
of hepatic disorders marked by excessive lipid 
accumulation in liver cells. Broadly, it is classified into 
two major forms non-alcoholic fatty liver disease 
(NAFLD) and alcoholic fatty liver disease (AFLD), 
both of which share overlapping histological features 
but differ fundamentally in their etiological origins 
[1]. The global prevalence of NAFLD has seen a steep 
rise in recent decades, now affecting nearly 25–30% of 
the adult population, closely paralleling the surge in 
metabolic conditions such as obesity, type 2 diabetes 
mellitus, dyslipidemia, and hypertension. NAFLD is 
increasingly  recognised  not  only  as  a  hepatic 

 
manifestation of metabolic syndrome but also as an 
independent risk factor for cardiovascular disease [2]. 
On the other hand, AFLD remains a common 
consequence of chronic and excessive alcohol 
consumption, with its incidence particularly high in 
regions where alcohol intake is culturally ingrained or 
insufficiently regulate. Though both NAFLD and 
AFLD result in the deposition of fat in hepatocytes 
termed hepatic steatosis, they progress along different 
mechanistic pathways. NAFLD develops in the 
absence of significant alcohol consumption and is 
predominantly associated with insulin resistance, 
altered lipid metabolism, and low-grade chronic 
inflammation [3]. AFLD, conversely, is driven by the 
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toxic metabolites of ethanol, such as acetaldehyde, 
and is accompanied by oxidative stress, mitochondrial 
damage, and an upregulation of inflammatory 
cytokines [4], [5]. Figure 1 shows progression of liver 
disease in alcohol-related and non-alcohol-related 
settings. Despite differences in underlying 
pathogenesis, both NAFLD and ALD follow a similar 
trajectory. Simple steatosis can progress to 
steatohepatitis either non-alcoholic steatohepatitis 
(NASH) or alcoholic steatohepatitis (ASH) which may 
subsequently advance to fibrosis, cirrhosis, and 
ultimately hepatocellular carcinoma (HCC) if left 
untreated [6]. 

 
Current treatment options for fatty liver disease 
remain limited and largely unsatisfactory. For 
NAFLD, there is no universally approved 
pharmacological therapy. Clinical guidelines often 
emphasise lifestyle interventions, such as dietary 
modification and increased physical activity, aimed at 
inducing weight loss and improving insulin sensitivity 

[7]. While modest weight loss has been shown to 
improve hepatic histology, long-term adherence is 
often poor, and sustained benefits remain elusive for 
many patients. Several drugs, including pioglitazone, 
vitamin E, and GLP-1 receptor agonists, have 
demonstrated some efficacy in improving liver 
enzymes and histological parameters in NASH [8], 
[9]. However, concerns related to safety, tolerability, 
and long-term outcomes restrict their widespread use. 
In the case of AFLD, complete cessation of alcohol 
intake is the primary therapeutic goal. Supportive 
measures, including nutritional rehabilitation and the 
use of corticosteroids in severe alcoholic hepatitis, 
may offer short-term benefits [10]. Nonetheless, 
relapse rates are high, and many patients present at 
advanced stages of disease when therapeutic windows 
have narrowed significantly. The lack of targeted 
therapies for AFLD, coupled with the complexity of 
managing patients with coexisting psychosocial issues, 
underscores the urgency of developing more effective 
pharmacological strategies [11], [12]. 

 

 

Figure 1: The progression from simple steatosis to more advanced liver pathology. 
 

More recently, the interest has shifted to molecules 
that can modulate more than one of the pathogenic 
pathways in fatty liver diseases. An inorganic 
compound known as sodium orthovanadate, made of 
vanadium compound, has also become a potential 
agent because it exerts insulin-mimetic, antioxidant, 
and anti-inflammatory effects [13]. Vanadium 
compounds have been investigated and 
demonstrated to reduce glucose levels in diabetic 
models, with sodium orthovanadate demonstrating 
effects of enhancing insulin signalling, decreasing 
levels of oxidative stress and regulating pro- 
inflammatory cytokines. Both of these mechanisms 
can be directly applied to both pathophysiological 
processes of NAFLD and AFLD, implying a possible 
therapeutic advantage [14]. Furthermore, the 
research on experimental models emphasised the 
possibility of sodium orthovanadate to alleviate liver 
lipids, enhance mitochondrial activity and protect 
liver damage against models of metabolic and 
alcoholic liver disorder. These preclinical results have 

been promising, though the range of their therapeutic 
use in the clinical arena is not so fully ploughed [15], 
[16]. The fact that fatty liver diseases are a 
multifactorial group and the lack of effective 
treatment methods mandate the need to explore 
more on the use of sodium orthovanadate as a two- 
sided medication. This review attempts to analyse its 
pharmacological and therapeutic utility for NAFLD 
and AFLD and provide insight into its mechanism of 
action, preclinical data, and future potential in 
hepatology [17], [18]. 

 
2. Sodium Orthovanadate: Chemical and 
Pharmacological Profile 
Sodium orthovanadate (Na3VO4) is an inorganic 
vanadium salt that has attracted some scientific 
attention because of its wide range of biological 
activities and potential uses in treatment. It is the 
sodium salt of orthovanadate acid and is a water- 
soluble white powder. Pure sodium orthovanadate is 
soluble in water and forms a series of polymeric and 
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monomeric species of vanadate functions that are 
altered by the pH, with the orthovanadate ion (VO 4 
3 16 19 significantly in alkaline environments [19]. 
This compound is a vanadium compound with the 
ion in a pentavalent state, +5 oxidation state and 
which is essential to its biochemistry. The presence of 
phosphate-determined ions mimics the structures of 
its phosphate ion; therefore, the vanadate ion can 
interfere with the phosphate-dependent enzyme 
reactions. This phosphomimetic quality is the basis of 
most of the biological activity of sodium 
orthovanadate, especially the regulation of signalling 
pathways that are involved in cellular metabolism 
and inflammation [20], [21]. 

 
Sodium orthovanadate has a pharmacological action 
mainly due to its ability to act as inhibitor of a wide 
panel of phosphatases with particular abilities on 
protein tyrosine phosphatase (PTPs). Orthovanadate 
maintains phosphorylation of tyrosine residues in 
selected intracellular proteins by inhibiting the 
activity of the phosphotyrosine phosphatase (PTP), 
therefore, promoting signalling via the receptor 
tyrosine kinases (RTKs), including the insulin 
receptor [22]. This leads to the upstream signalling 
mediated by PI3K/Akt and MAPK pathways that play 
a central role in controlling the glucose uptake, 
glycogen production, cell growth as well as survival. 
Sodium orthovanadate has as such been described as 
an insulin-mimetic agent, in that it can induce insulin 
signalling cascades in the absence of endogenous 
insulin [23], [24]. Such an effect has been 
demonstrated both in vitro and in vivo, where in both 
cases administration of orthovanadate has shown to 
increase the incorporation of glucose in adipose and 
muscle cells as well as lower the amount of glucose in 
the blood of a diabetic animal. Beside insulin- 
mimetic, sodium orthovanadate has antioxidant and 
anti-inflammatory functions [25]. It has been 
revealed to minimise production of reactive oxygen 
species (ROS), avoid activation of nuclear factor- 
kappa B (NF-κB) and expression of pro-inflammatory 
cytokine proteins like TNF-α, IL-6, and IL-1β. It is 
especially applicable to liver diseases because 
oxidative stress and inflammation are major 
determinants of the process from simple steatosis to 
steatohepatitis and fibrosis [26]. Furthermore, 
orthovanadate is capable of regulating mitochondrial 
activity and rebalancing the redox state of the cell, 
further increasing its therapeutic potential in 
oxidative stress- and metabolic-based conditions 
[27]. 

 
Traditionally, vanadium compounds and sodium 
orthovanadate have been investigated in numerous 
experimental contexts. The first of the recognised 
uses was with diabetes mellitus. Vanadate salts have 
been proven in animal studies repeatedly to enhance 
glucose tolerance, abate hyperinsulinaemia and 
normalise lipids. Despite some positive results of 
early-stage clinical studies in diabetic patients fears 
of gastric adverse effects and the overall toxicity of 
compounds targeted phase III clinical studies and did 
not proceed [28], [29]. In addition to diabetes, 
sodium orthovanadate has undergone cancer 
research since it shows potential to control cell 

proliferation and apoptosis. It has also shown 
neuroprotective qualities in animal models of 
neurodegeneration, assumed to be associated with its 
antioxidant effects and in its control of intracellular 
signalling [30]. Recently, focus has been put on how 
sodium orthovanadate can be used in the case of 
hepatic and metabolic disorders in relation to cases 
of insulin resistance and oxidative injury, including 
NAFLD and AFLD. Orthovanadate in preclinical 
studies has been able to reduce liver steatosis, 
enhance liver enzyme status and restore 
mitochondrial size. Its complex pharmacodynamic 
effect makes it a compound of interest in conditions 
where metabolic and pathological phenomena, 
inflammation, and oxidative stress act at an 
intersection [31], [32]. Although its actual 
therapeutic window and safety in the long-term view 
of liver disease is still to be explained, the evidence on 
its use shows its possible viability in treating fatty 
liver disorders, which is why more specialised 
research and clinical trials should be conducted to 
picture its usefulness more comprehensively [33]. 

 
3. Therapeutic Potential of Sodium 
Orthovanadate in NAFLD and AFLD 
3.1 Metabolic and Hepatic Effects 
Sodium orthovanadate is a pentavalent vanadium 
derivative that has recently gained greater interest in 
the pharmacological dynamics arena, given its 
extensive biological activities regarding glucose and 
lipid metabolism, regulation of oxidative stress, and 
regulation of inflammatory responses. These 
properties are especially applicable when dealing 
with NAFLD and AFLD, which can be characterised 
by problems with hepatic metabolism and cellular 
homeostasis [34]. The insulin-mimic and 
hepatoprotective effects of the compound provide a 
multidimensional form of therapy, one that targets 
the metabolic and hepatic disorders that are 
characteristic of both diseases. By acting at the 
metabolic level, inhibition of protein tyrosine 
phosphatases (PTPs), and specifically, PTP1B, a 
negative insulin receptor signalling regulator, may be 
regarded as the primary pathway of action of sodium 
orthovanadate [35], [36]. This suppression maintains 
insulin receptor phosphorylation and allows the 
antecedent signal to continue because of the 
utilisation of the phosphatidylinositol-3-kinase 
(PI3K)/Akt pathway, which boosts glucose 
consumption and metabolism. Therefore, 
orthovanadate can enhance the sensitivity to insulin 
and glucose homeostasis, and these are very essential 
targets in NAFLD [37]. In animal models of diet- 
induced obesity and insulin resistance, sodium 
orthovanadate has been shown to produce dramatic 
reductions in fasting blood glucose and 
improvements in glucose tolerance, as well as 
circulating insulin, all of which corrected the 
metabolic imbalance [38]. 

 
Sodium orthovanadate has also shown some positive 
effects on lipid metabolism in addition to its glucose 
regulatory effects. Both NAFLD and AFLD are 
characterised by the presence of hepatic steatosis, 
whose development entails the lack of equilibrium 
between  intake  and  elimination  of  lipids. 
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Orthovanadate was found to inactivate the lipogenic 
pathway and increasing the oxidation of fatty acids 
and thereby decreasing the accumulation of 
triglycerides in liver [39]. In particular, the 
compound downregulates the expression of the most 
prominent genes involved in lipogenesis, sterol 
regulatory element-binding protein-1c (SREBP-1c), 
fatty acid synthase (FAS), and acetyl-CoA carboxylase 
(ACC). At the same time, it upregulates enzymes 
related to β-oxidation, including carnitine 
palmitoyltransferase-1 (CPT-1), to increase clearance 
of fatty acids within the mitochondria and avoid lipid 
excess. Sodium orthovanadate plays a role in hepatic 
cells about stabilisation of the mitochondria and 
enhanced bioenergetics [40], [41]. By increasing the 
efficiency of the oxidative phosphorylation process 
and decreasing the production of reactive oxygen 
species (ROS), the compound alleviates the 
dysfunction of mitochondria, one of the main 
characteristics of NAFLD and AFLD. The result of the 
enhanced mitochondrial integrity will be the lowered 
oxidative stress along with the diminished lipid 
peroxidation, translating into the alleviation of the 
hepatocellular injury as well as tissue repair [42]. 
Moreover, sodium orthovanadate offers protection to 
hepatocytes by regulating the redox status and 
antioxidant defence mechanisms of a cell. It has also 
been reported to increase antioxidant capacity 
including endogenous antioxidants like glutathione 
(GSH), superoxide dismutase (SOD), and catalase, to 
combat the oxidative damage caused by 
accumulation of lipids or during ethanol metabolism. 
These interventions are especially useful in the AFLD 
case, as chronic exposure to alcohol causes oxidative 
stress via the CYP2E1-generated ROS and 
antioxidant loss in cells [43], [44]. 

 
Besides correcting metabolism, sodium 
orthovanadate modulates inflammatory pathways of 
signalling, which lead to the development of liver 
disease. TNF-alpha, IL-6, and IL-1beta: both NAFLD 
and AFLD experience an up-regulation of so-called 
inflammatory cytokines, which are essential factors 
during the development of steatohepatitis out of 
plain steatosis [45]. Sodium orthovanadate also 
prevents the activation of NF-kB, which is a main 
transcription factor that is involved in the expression 
of inflammatory genes, thus resulting in a decrease in 
the release of cytokines as well as the mobilisation of 
immune cells. This anti-inflammatory effect 
maintains the hepatic architecture and further slows 
down the fibrogenic process [46], [47]. Further, 
sodium orthovanadate has revealed hepatoprotective 
actions under lab conditions, developing ethanol- 
mediated hepatic damage. It has also been 
demonstrated to lower the level of ALT, AST, 
decrease the hepatic necrosis, and normalise 
histological characteristics of steatosis and 
inflammation. These enhancements are ascribed not 
merely to the fact that it neutralises ROS and 
inflammatory mediators but also to the fact that it 
stabilises hepatic cell membranes as well as 
mitochondrial activity [48]. 

 
4. Preclinical Studies 
A recent experimental investigation and explored the 

therapeutic effects of SOV in the context of NAFLD 
using two diet-induced murine models one based on 
an HFD and the other on a Western diet enriched 
with sugar-supplemented drinking water (WDS). The 
study observed that administration of SOV led to 
notable improvements in metabolic parameters, 
including significant reductions in body weight, 
hepatic lipid accumulation, and circulating 
triglyceride and cholesterol levels [49]. To elucidate 
the underlying mechanisms, transcriptomic analysis 
through RNA sequencing was conducted, revealing 
that the beneficial effects of SOV were associated 
with enhanced hepatic autophagy, potentially 
mediated through hypoxia-inducible factor 1 (HIF-1) 
and autophagy-related gene 5 (ATG5) [50]. The 
mechanistic role of autophagy was further validated 
using 3-methyladenine (3-MA), an autophagy 
inhibitor, in both HepG2 cells and animal models, 
where its application reversed the protective effects 
of SOV and restored lipid deposition. These findings 
suggest that SOV ameliorates NAFLD largely through 
the activation of autophagic pathways, offering a 
promising pharmacological approach to managing 
hepatic steatosis and related metabolic dysfunctions 
[51], [52]. 

 
Yadav and colleagues conducted a study to examine 
the synergistic effects of SOV and Momordica 
charantia fruit extract (MFE) on lipid metabolism 
and enzyme activity in alloxan-induced diabetic rats. 
Known individually for their antidiabetic potential, 
both agents were evaluated for their ability to 
modulate disturbances in lipid profiles and lipogenic 
enzyme function associated with diabetes [53]. After 
21 days of induced hyperglycemia, diabetic rats 
exhibited marked elevations in serum total lipids, 
triglycerides, and cholesterol, alongside abnormal 
lipid accumulation in hepatic and renal tissues. 
Additionally, alterations in the activities of lipogenic 
enzymes were noted, reduced in the liver and 
elevated in the kidney [54]. Treatments with either 
SOV or MFE alone offered moderate correction of 
these metabolic imbalances; however, their 
combination, particularly with a low dose of SOV 
(0.2%), most effectively normalised the biochemical 
parameters toward levels observed in non-diabetic 
controls. This combinatorial approach not only 
improved lipid homeostasis but also indicated a 
potentiated hypolipidemic and hypoglycemic action. 
These findings underscore the therapeutic promise of 
integrating botanical and trace element-based 
strategies in the management of diabetes-related 
dyslipidemia [55], [56]. 

 
The long-term metabolic impact of maternal 
nutrition on offspring by investigating how an HFD 
during gestation and lactation affects liver function 
and insulin signalling in mice. The study specifically 
assessed male offspring of dams exposed to chronic 
high-fat feeding, analysing both early post-weaning 
and adult stages. Despite being switched to a normal 
diet after weaning, these offspring developed 
hallmark features of metabolic syndrome, including 
increased visceral fat, elevated serum insulin, TNF-α, 
and IL-1β levels, suggesting systemic inflammation 
and insulin resistance [57]. Hepatic analysis revealed 
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significant triglyceride accumulation, heightened 
activation of stress-related kinases (JNK and IKK), 
and elevated expression of gluconeogenic enzymes 
like PEPCK, supporting the development of fatty liver 
and impaired glucose homeostasis. Notably, insulin 
signalling and ACC phosphorylation in liver tissue 
were diminished, indicating compromised metabolic 
regulation. Similar dysregulation was also observed 
in adipose tissue, with reduced phosphorylation of 
hormone-sensitive lipase [58]. Crucially, these 
metabolic disturbances were independent of the post- 
weaning diet, emphasising that early-life exposure to 
maternal overnutrition can have lasting 
consequences on hepatic lipid metabolism and 
insulin sensitivity. This work highlights the 
transgenerational effect of maternal dietary habits on 
offspring health and the risk of NAFLD [59], [60]. 

 
The effects of SOV and Trigonella foenum-graecum 
seed powder (TSP) on lipid metabolism in alloxan- 
induced diabetic rats, focusing on their ability to 
correct diabetes-associated dyslipidemia and enzyme 
dysfunction in hepatic and renal tissues. The diabetic 
condition led to a fourfold increase in blood glucose, 
along with significant elevations in serum lipids, 
triglycerides, and cholesterol, and marked lipid 
accumulation in liver and kidney tissues [61]. 
Additionally, lipogenic and NADP-linked enzymes 
such as G6PDH, malic enzyme, and isocitrate 
dehydrogenase were suppressed in the liver but 
elevated in the kidney, indicating tissue-specific 
metabolic disruption. Treatment with SOV and TSP 
individually improved these parameters, but the 
combined therapy, especially with a lower dose of 
SOV (0.2%), was most effective in restoring lipid 
levels and enzymatic activity close to normal within 
21 days. This study highlights the synergistic 
potential of vanadium-based and plant-derived 
agents in mitigating lipid abnormalities and 
enzymatic dysfunction in type 1 diabetes [62], [63]. 

 
The synergistic effects of sodium pyrophosphate (PP) 
and catechin (C) on the oxidative stability and gelling 
properties of pork myofibrillar protein (MP) under 
oxidative stress conditions. While both PP and C 
individually reduced lipid oxidation and protein 
carbonyl formation, their combination (PP + C) 
offered the most effective protection. Despite not 
preventing sulfhydryl and free amine group losses 
due to oxidation, PP significantly enhanced the 
solubility, zeta potential, and reduced the mean 
particle size of MP [64]. It also improved gel breaking 
strength and cooking yield, leading to better textural 
quality. In contrast, catechin alone had minimal 
impact on gelling behavior, aside from slightly 
reducing the whiteness of the gels. Microscopic 
analysis revealed that PP-treated MP gels retained a 
finer and smoother structure resembling non- 
oxidized controls. Ultimately, the combined use of PP 
and C resulted in superior oxidative resistance and 
gel formation, suggesting a promising strategy to 
enhance the functional quality of muscle proteins in 
processed meat products [65]. 

5. Comparative Analysis: NAFLD vs AFLD 
Response to Sodium Orthovanadate 
Sodium orthovanadate, a vanadium-based compound 
with insulin-mimetic and antioxidant properties, 
holds potential as a therapeutic agent for both 
NAFLD and AFLD. Despite sharing common 
downstream features like hepatic fat accumulation, 
inflammation, and oxidative stress, NAFLD and 
AFLD differ fundamentally in their causes. 
Consequently, the biological response to sodium 
orthovanadate in these two diseases also varies based 
on their distinct pathophysiological profiles [66]. 

 
In NAFLD insulin resistance is the main determinant 
usually in combination with obesity, diabetes type II, 
and metabolic syndrome. Sodium orthovanadate in 
this case plays its role primarily by imitating insulin- 
like activity in the body and leading to a normal 
glucose metabolic process. It potentiates the signal 
transduction by insulin receptors by restraining the 
protein tyrosine phosphatases such as PTP1B and 
facilitating the PI3K/Akt way [67]. This enhances the 
intake of glucose by the cells and limiting glucose 
production by the liver which assists in rectifying the 
metabolic disorder. Moreover, sodium orthovanadate 
inhibits fat synthesis (lipogenesis) but stimulates fat 
breakdown (beta- oxidation) in the liver directly 
reducing fat content in the liver. It also decreases the 
levels of inflammatory markers and reverses the 
antioxidant defences, leading to a positive liver 
histology and a better liver inflammation in 
experimental models of NAFLD [68]. 

 
Alternatively, AFLD develops as a result of habitual 
alcohol consumption and the resultant liver damage 
primarily through oxidative stress, accumulation of 
Acetaldehyde, and immune activation. In that regard, 
the positive actions of sodium orthovanadate are 
largely explained by its antioxidant and anti- 
inflammatory properties instead of imitating insulin. 
It inhibits the oxidation stress provoked through 
ethanol, de-activates the ROS production and leaves 
down the expression of the CYP2E1 enzyme and 
upregulates the antioxidant enzyme, such as SOD and 
catalase [69]. Among the immunomodulatory effects 
of sodium orthovanadate there is the ability to 
suppress NF-kB signalling and to inhibit the pro- 
inflammatory cytokines TNF-alpha and IL-6, which 
may be elevated in AFLD as a result of endotoxin 
translocation and activation of TLR4 [70]. 

 
Although both NAFLD and AFLD benefit from 
sodium orthovanadate therapy, the therapeutic 
emphasis differs. In NAFLD, its metabolic 
modulation is key, while in AFLD, its antioxidant and 
anti-inflammatory activities are more prominent. 
Importantly, sodium orthovanadate appears to offer 
liver-protective effects in both models by targeting 
shared downstream events like oxidative stress and 
inflammation. However, clinical application must 
consider factors like alcohol abstinence in AFLD or 
long-term toxicity concerns in NAFLD patients 
requiring chronic treatment [71]. 
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Table 1: Comparative Response of NAFLD vs AFLD to Sodium Orthovanadate. 

 

S. 

No. 

Parameter NAFLD AFLD References 

1. Etiology Metabolic dysfunction, insulin 

resistance 

Chronic alcohol consumption, 

acetaldehyde toxicity 

[72] 

2. Primary 

Mechanism of 

Action 

Insulin-mimetic, regulates glucose and 

lipid metabolism 

Antioxidant and anti- 

inflammatory 

[73], [5] 

3. Key Targets PTP1B inhibition → PI3K/Akt 

activation 

ROS scavenging, CYP2E1 

downregulation, NF-κB 

inhibition 

[74] 

4. Lipid Metabolism ↓ Lipogenesis (via SREBP-1c 

suppression), ↑ β-oxidation 

Indirect benefit via reduced 

oxidative stress 

[75], [76] 

5. Inflammation 

Control 

↓ TNF-α, IL-6, MCP-1 (via NF-κB 

suppression) 

↓ Pro-inflammatory cytokines 

from gut–liver axis activation 

[77], [78] 

6. Oxidative Stress 

Response 

↑ Antioxidant enzyme activity (SOD, 

CAT, GPx) 

Potent ROS scavenging and 

CYP2E1 suppression 

[79] 

7. Histological 

Improvements 

Reduced steatosis, improved hepatocyte 

morphology 

Reduced necrosis and 

inflammatory infiltrates 

[80] 

8. Dependence on 

Lifestyle 

Requires long-term correction of 

metabolic risk factors (diet, exercise, 

weight loss) 

Strict alcohol abstinence is 

essential 

[81], [82] 

9. Potential 

Limitations 

Risk of vanadium accumulation/toxicity 

with chronic use 

Impaired detoxification in 

alcoholic liver may alter drug 

handling 

[83] 

 

Table 1 summarizes the comparative responses of 
NAFLD and AFLD to sodium orthovanadate. In 
NAFLD, which is driven by metabolic dysfunction 
and insulin resistance, sodium orthovanadate 
primarily acts as an insulin-mimetic, targeting PTP1B 
to activate the PI3K/Akt pathway, reduce lipogenesis, 
enhance β-oxidation, suppress inflammation, and 
boost antioxidant enzymes. Histologically, it 
improves steatosis and hepatocyte morphology, 
though long-term efficacy depends on lifestyle 
changes and carries potential vanadium toxicity risks 
[84]. 

 
In AFLD, caused by chronic alcohol intake and 
acetaldehyde toxicity, the compound mainly exerts 
antioxidant and anti-inflammatory effects, 
scavenging ROS, downregulating CYP2E1, and 
inhibiting NF-κB. This leads to reduced oxidative 
stress, lower pro-inflammatory cytokines, and 
improved hepatocyte necrosis and inflammation. Its 
effectiveness relies on strict alcohol abstinence, and 
impaired detoxification in alcoholic livers may limit 
drug handling [85]. 

 
6. Toxicity and Safety Concerns 
Sodium orthovanadate is extensively employed in 
research laboratories, particularly as a potent 
phosphatase inhibitor. Despite its utility in scientific 
studies, it presents significant toxicity concerns that 
necessitate careful handling and awareness. Acute 
exposure to sodium orthovanadate can be hazardous 
through ingestion, inhalation, or dermal contact. 
Animal studies report an oral LD50 of approximately 
330 mg/kg in rats, indicating considerable toxicity 

when ingested [86]. Similarly, the dermal LD50 
stands around 1,100 mg/kg, and inhalation exposure 
can be lethal at an LC50 of approximately 1.5 mg/L 
over 4 hours. Classified under the Globally 
Harmonised System (GHS), sodium orthovanadate 
carries warnings for acute oral, dermal, and 
inhalation toxicity, along with skin and eye irritation 
and potential to cause respiratory discomfort. 
Prolonged or repeated contact may aggravate 
irritation to the skin and eyes [87]. At high doses, 
systemic toxicity may manifest, including 
convulsions, reproductive complications, and 
developmental abnormalities in animal studies. 
Specifically, some reports note reduced maternal 
weight gain and delayed ossification in fetuses, 
though no major teratogenic outcomes were observed 
at doses below 15 mg/kg in mice. Chronic exposure 
may adversely impact health, although the compound 
is not currently classified as carcinogenic by 
international agencies such as the IARC or NTP [88]. 

 
To minimise risks, appropriate safety measures 
should be observed during handling. Personal 
protective equipment such as gloves, laboratory 
coats, and eye protection is essential, and work 
should be conducted in well-ventilated environments 
to prevent inhalation of harmful dust or vapours. In 
the event of exposure, immediate first aid should be 
administered. This includes rinsing the eyes with 
water, washing affected skin areas with soap and 
water, moving the exposed individual to fresh air if 
inhaled, and seeking medical help following ingestion 
[89]. Environmentally, sodium orthovanadate poses 
potential  risks,  particularly  to  aquatic  systems, 
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although comprehensive data on ecological toxicity 
remain limited. It is recommended to prevent its 
release into the environment. For storage, the 
compound should be kept in a tightly sealed 
container in a cool, dry, and well-ventilated space, 
away from incompatible substances such as strong 
oxidisers and acids [90]. 

 
7. Future Perspectives 
Despite these encouraging results, the long-term use 
of sodium orthovanadate is limited by its known 
toxicity and systemic side effects, particularly with 
chronic exposure. Addressing these safety concerns 
will be critical for its successful translation into 
clinical practice. Future research should focus on 
developing targeted delivery systems, such as nano 
formulations or hepatocyte-specific carriers, to 
maximize therapeutic benefit while minimizing 
systemic exposure [91]. Additionally, more robust 
toxicological assessments and well-controlled clinical 
trials are essential to determine optimal dosing 
regimens, efficacy endpoints, and patient suitability. 
Exploring combination therapies with antioxidants, 
lifestyle interventions, or other hepatoprotective 
agents may also enhance outcomes and reduce 
adverse effects. Given the growing global burden of 
fatty liver diseases and the urgent need for effective 
treatments, sodium orthovanadate represents a 
compelling candidate that merits further 
investigation as part of the next generation of 
hepatometabolic therapies [92]. 

 
Conclusion 
Sodium orthovanadate offers a promising and 
multifactorial approach for the treatment of both 
NAFLD and AFLD, conditions that currently lack 
effective and specific pharmacological options. Its 
ability to simultaneously modulate insulin signalling, 
improve lipid metabolism, suppress oxidative stress, 
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