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Abstract 

The Liver is an important organ of the body for carbohydrate metabolism which includes ureogenesis, 

glycogenolysis, gluconeogenesis. The pituitary hormone vasopressin mediates its actions on the carbohydrate 

metabolism through the V1 receptors expressed in the Liver. The vasopressin V1 receptors are coupled to the 

phospholipase C mediated signaling pathway. In this article, the focus is on the effects of vasopressin on 

superoxide dismutase (SOD) and Aldose reductase (ALD) enzyme activity in the Liver. It also stresses on the 

role of calcineurin phosphatase which may be involved in ROS generation. The possible homeostatic balance 

between superoxide generation and polyol pathway during liver injury and the role of vasopressin hormone is 

also discussed. 
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1. Introduction 

Vasopressin receptors V1a are expressed in 

the liver and arginine vasopressin (AVP), in addition 

to its well-known antidiuretic effects, is involved in 

the regulation of many other functions in liver 

processes such as ureogenesis, glycogenolysis, and 

gluconeogenesis [1-3]. Vasopressin receptors have 

been shown to be altered by some 

immunosuppressant agents. An experimental study 

has shown that 1 μM Cyclosporine (CsA) generated 

ROS in the cardiomyocytes. Small amounts of ROS 

are indispensable for many biochemical processes 

[4]. On the other hand in recent years, considerable 

evidence has accumulated supporting a role for ROS 

as activators of signaling pathways and transcription 

factors [5-6]. When the balance between pro- and 

antioxidants is disturbed in favor of the former, a 

situation of oxidative stress ensues [7]. The Aldose 

reductase (ALD) is an important enzyme in the 

polyol pathway. It was first described by Hers in 

1956. Using NADPH as a cofactor, it reduces glucose 

to sorbitol in addition to reducing other sugars to 

their respective polyols [8].  

The activation of the sorbitol pathway under 

hyperglycemic conditions is thought to be the cause 

of diabetic lesions in tissues where the import of 

glucose is independent of insulin, such as the lens, 

vascular cells, and nervous tissues [9-11]. Although 

ALD has been thoroughly studied for its role in the 

etiology of diabetic complications, its physiological 

functions are still not well understood. ALD is 

present in most tissues surveyed and has been 

implicated in a wide variety of physiological 

functions [12]. Reduction of glucose by the enzyme 

aldose reductase leads to the formation of sorbitol, 

which, in some tissues, is further oxidized to fructose 

upon catalytic oxidation by the enzyme sorbitol 

dehydrogenase [13].  

Aldose reductase of the polyol metabolic 

pathway, apart from its role as a sorbitol producer 

and detoxifier of toxic aldehydes, is an osmoregulator 

in the lens and kidney, and regulator of sperm 

maturation, has been implicated in the etiology of 

long-term diabetic complications [14-15]. This 

enzyme is involved in many pathological processes 

that have become major threats to human health. 

Such pathologies include a number of cardiac 

disorders, inflammation, mood disorders, renal 

insufficiency, and liver abnormalities [16]. The injury 

to the Liver and recovery presents serious challenges 

to the clinical fraternity and it appears that the 
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ALD/SOD pathway act in some synergy to the 

defense of the hepatocyte cell functions. Endogenous 

vasopressin hormone and its receptors in the liver 

may possibly play an important role in the actions of 

ALD/SOD systems. Oxidative stress and the polyol 

pathway have recently been found to be linked in 

pathological states [13]. This review focusses on the 

role of the oxidative stress and polyol pathway during 

liver injury and possible importance of the 

vasopressin hormone and its receptor antagonists. 

 

Figure 1: Liver injury and ALD/SOD pathway 

 

 
 

2. Aldose reductase and oxidative stress 

pathway 

Aldose reductase enzyme belongs to the 

aldo-keto reductase enzyme superfamily and is an 

important enzyme in the polyol pathway. Crystallized 

complexes of ALD with ligands and site directed 

mutagenesis allowed the enzyme structure to be 

identified. The enzyme is a single polypeptide 

domain composed of 315 amino acid residues [17]. 

The peptide chain at the amino terminus folds into a 

β /α-barrel structural motif containing atleast eight 

parallel β strands which are connected to each other 

by eight peripheral α helical segments running anti-

parallel to the β sheet. The active site is located in a 

large and deep crevice in the C-terminal end of the β 

barrel, and the NADPH cofactor binds in an extended 

conformation at the bottom of the active site. 

Aldose reductase thus is an extremely 

sensitive enzyme and susceptible to oxidative 

modification in the presence of free metal ions/thiols 

and glutathione. Oxidant-induced changes include 

alterations in kinetic parameters, decreases sensitivity 

to inhibitors, and increased proteolytic susceptibility. 

This modification has been demonstrated to involve 

oxidation of a critical active site cysteine thiol 

(Cys2’) which leads to glutathione/thiol adduct 

formation. Induction of aldose reductase under 

oxidizing conditions may therefore represent a 

mechanism whereby the cell strives to maintain 

critical levels by compensating for oxidative 

inactivation of pre-existing enzyme [18]. The 

immunosuppressant drug CsA increases the cell 

surface expression of the type 1A vasopressin 

receptor (V1A receptor) at the protein and mRNA 

levels, probably via a posttranscriptional effect on 

mRNA stabilization.  

Thus increasing endogenous O2
−•

 production 

by 50% and can have a biological effect, and cause 

an increase in V1A receptor expression [4]. The 

consequence of this is a higher responsiveness of the 

tissue to AVP, resulting in increased vasoconstriction 

in blood vessels. Recently, accumulating evidences 

have indicated the detrimental role of polyol pathway 

in the ishcemia reperfusion (I/R) events, which could 

be reversed by ALD inhibitors [19]. Until now, the 

potential mechanisms underlying this beneficial 

effect have not been completed elucidated. 

 

3. Liver injury and role of vasopressin 

The vasopressin receptors were found to be 

expressed in the Liver apart from Kidney and brain 

by Ostrwoski et al in 1992 [20]. In liver failure, 

vasopressin analogues for e.g terlipressin or 

ornipressin are able to reverse hepatorenal syndrome 

and restore renal function similar to the effect of 

vasopressin in septic shock [21-22]. In a previous 

study it was demonstrated that vasopressin directly 

decreases portal vein flow and pressure in patients 

undergoing liver transplantation, a consequence of 

splanchnic vasoconstriction. In that study there was a 

statistically significant increase of blood pressure 

after vasopressin but the patients did not receive a 

bolus injection of vasopressin but only a continuous 

infusion. This may not be sufficient dose in cirrhotic 

patients with an altered volume of distribution to 

achieve adequate plasma levels of vasopressin and 

increase blood pressure, higher doses may be 

required to cause sustained increases of blood 

pressure similar to what has been observed in another 

study after a bolus injection.  

Vasopressin may be an interesting option for 

managing uncontrolled hemorrhage in the extremities 

and below the diaphragm. Vasopressin leads to 

peripheral vasoconstriction via V1-receptors in the 

vasculature and shifts blood primarily from the 

skeletal muscle, cutaneous, and splanchnic bed to the 

heart and brain [23-24]. This indicates that 

vasopressin may reflect two advantages in 

uncontrolled hemorrhagic shock in the abdomen i.e it 
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may decrease bleeding first by shifting blood away 

from the injury and by improving vital organ blood 

flow. The vasopressin receptor antagonist have 

potential uses in many disorders and including liver 

disorders and have been nicely reviewed by 

pioneering scientists in the field [25-26] (Table 1). 

   Ascites is a serious hepatic complication 

with large amount of fluid in peritoneal cavity and 

abdominal distension. This condition could be due to 

cirrhosis of liver or due to metastatic cancer and 

complications like the Budd Chiari syndrome. The 

formation of ascites involves an increase in the 

hepatic portal vein pressure, which may cause 

systemic arterial vasodilation, resulting in a decrease 

in the effective blood volume. This decrease in blood 

volume triggers the activation of the sympathetic 

nervous system and the renin-angiotensin system; the 

resultant cascade of events causes the release of 

arginine vasopressin AVP, which is also known as 

the antidiuretic hormone. AVP plays an important 

role in water reabsorption in the renal collecting 

ducts. However, as mentioned previously, the 

treatments for refractory ascites are limited. A diet of 

controlled salt intake, adequate diuretics treatment, 

large volume paracentesis, transjugular intrahepatic 

portosystemic shunting and liver transplantation are 

the current clinical recommendations. However, 

targeting the AVP mechanism presents a potential 

novel treatment approach for refractory ascites. 

 

Table 1: Potential uses of Vasopressin Receptor Antagonists 

 

Receptor Compound 

(Non-peptide antagonist) 

Potential uses 

V1a 

 

 

 

 

 

V1b 

 

 

 

V2 

 

 

 

 

 

 

 

 

 

 

 

 

V1a  + 

V2 

Relcovaptan 

(OPC – 21268, Sanofi 

Synthelabo, France) 

 

 

 

Nelivaptan 

(SSR – 149415, Sanofi Aventis, 

France) 

 

Lixivaptan 

(VPA-985, Cardiokine, USA) 

 

Tolvaptan 

(OPC – 41061, Otsuka, Japan) 

 

Mozavaptan 

(OPC-31260, Otsuka, Japan) 

 

Satavaptan 

(SR-121463, Sanofi Aventis, 

France) 

 

Conivaptan (Astellas, Japan) 

 

Raynaud’s syndrome, 

dysmenorrhoea, 

preterm labor, ACTH –independent macronodular adrenal 

hyperplasia 

 

 

Depressive disorders 

 

 

 

Hyponatremia (SIADH, cirrhosis, CHF) 

 

 

 

Hyponatremia, CHF, Cardiovascular mortality, kidney function 

impairment  

 

Hyponetremia (only SIADH) 

 

 

Hyponatremia, CHF, Cirrhosis 

 

 

Hyponatremia, CHF, Euvolemic hyponatremia, Hypotension, 

Bleeding complications  

ACTH: Adrenocorticotropic hormone; CHF: Congestive heart failure; SIADH: Syndrome of inappropriate 

antidiuretic hormone secretion 

 

4. Aldose reductase/Superoxide generation 

and intervention with vasopressin 

analogues 

Hepatic ischaemia reperfusion injury (IRI) 

contributes to primary liver nonfunction or late 

dysfunction and leads to a higher incidence of acute 

and chronic rejection. It also contributes to late-phase 

tumor recurrence and metastasis. The outcome is 

particularly not good in diseased livers such as fatty 

liver, which is more prone to hepatic IRI. Hence, 

elucidating the mechanism and minimizing the 

adverse consequences of hepatic IRI would be 

important for improving liver surgery outcomes and 

the long-term survival. Liver IRI is a typical 

inflammatory response involving a complex web of 

interactions between various cellular and humoral 

contributors [27]. Acute ischemia leads to the 

activation of the endothelium with an increase in 

permeability, expression of many adhesion 
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molecules, and production of oxidative stress. The 

transcription factor, Nuclear factor kappa beta (NF-

κB) and macrophages are induced and activated, 

leading to the production of cytotoxic free radicals 

and inflammatory cytokines. Hepatocyte necrosis and 

apoptosis represent two major direct causes of liver 

dysfunction following severe I/R impairment and 

represent different extremes on a continuum of cell 

death [28-29]. They are the common triggers of 

mitochondrial impairment and resultant energy 

failure. During this cascade, excessive ROS and lipid 

peroxidation, coupled with an imbalance in pro- and 

antiapoptosis proteins (e.g., Bax and Bcl-2, 

respectively), promote the mitochondrial 

permeability transition [30]. These changes may, in 

turn, initiate and interact with the following 

mitochondrial events: respiratory chain uncoupling, 

the release of cytochrome, the downstream activation 

of caspase 3, and so forth [31].  

In this cited study, the increased Bax/Bcl-2 

ratio which resulted from AR overexpression clearly 

lowered the mitochondrial membrane potential and 

contributed to the overactivation of the caspase 

pathway. However, treatment with ALD inhibitors 

significantly alleviated the I/R-induced increase of 

ROS, Bax/ Bcl-2 ratio, and activation of caspase 3, 

which could eventually improve the liver function. 

Thus, aldose reductase enzyme may modify the 

formation of reactive dicarbonyl compounds and 

lipid aldehydes and subsequently protein-bound 

adducts associated with oxidative stress and tissue 

damage [32]. 

        Vasopressin receptor antagonists like the 

Nelivaptan, Satavaptan and Tolvaptan can block the 

V1 and V2 receptors and produce beneficial effects by 

antagonizing the aldose reductase enzyme activity, 

sorbitol formation and reducing the ALD mRNA 

expression and potentially treat liver IRI. 

 

5. Estimation of Superoxide dismutase 

activity in Liver  

All enzyme activities are measured 

simultaneously in triplicate for each sample using a 

Shimadzu UV-160 spectrophotometer and a 

temperature controlled cuvette holder. The activity of 

Total SOD is assayed by the adrenaline method [33] 

based on the capacity of SOD to inhibit autoxidation 

of adrenaline to adrenochrome. One unit of SOD 

activity is defined as the amount of protein causing 

50% inhibition of the autoxidation of adrenaline at 

26°C. The activity of Mn-SOD was obtained after the 

inhibition of Cu/Zn-SOD with KCN. Cu/Zn-SOD 

activity was calculated as a difference between Tot-

SOD and Mn-SOD activities. Total protein 

concentration is determined according to the method 

of Lowry et al. (1951) using bovine serum albumin as 

a reference and expressed in mg/mL protein. Protein 

electrophoretic profiles were examined by the 

standard method of sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE), 

[34]. 

 

6. Assay of Aldose reductase enzyme 

activity 

Aldose Reductase Enzyme Activity can be 

measured with minor modifications based on 

previous method shown by Aniket Kumar et al [35]. 

In tubes containing the liver homogenate were 

subjected to centrifugation. It was further washed 

with saline thrice and stored for further analysis. By 

adding 50 mM sodium phosphate buffer at pH 7.4 

and 150 mM NaCl, a 10% suspension was made and 

is lysed by repeated freezing and thawing. Insoluble 

debris was then removed by centrifugation. ALD 

activity was measured spectrophotometrically using a 

properly diluted hemolysate utilizing a T60 

LABINDIA UV-VIS spectrophotometer 

 

7. Conclusion  
The imbalance of vasoregulatory genes and 

early overexpression of several adhesion molecules 

play important roles in the disturbance of hepatic 

microcirculation at the early phase after liver 

transplantation using small-for-size grafts as well 

possibly in other liver injuries. Recent studies 

demonstrate that besides reducing glucose to sorbitol, 

Aldose reductase efficiently reduces lipid aldehydes 

and their conjugates with GSH. This has opened new 

dimensions in understanding the detoxification of 

reactive aldehydes generated during lipid 

peroxidation. Using kinetic, structural, and 

physiological studies, researchers have investigated 

the mechanisms by which aldose reductase 

selectively recognizes and catalyzes the reduction of 

Lipid peroxidation and their reduced glutathione 

conjugates. On the other hand vasopressin may 

modulate the effects of these enzymes in the liver and 

Vasopressin receptor antagonists like Tolvaptan, 

Lixivaptan are effective to treat refractory ascites 

and/or edema in decompensated cirrhotic patients and 

is, therefore, a promising aquaretic agent. 
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