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ABSTRACT 
    Valproic acid is widely used as an anti-epileptic globally. Anti-epileptic action is 

mediated by Gamma Amino Butyric Acid (GABA) receptors. In past and recently, 

several other clinical outcomes have been proposed by various studies. These 

under-reported clinical actions apart from anti-epileptic activity are mediated by 

various intracellular and extracellular pathways. Several mechanisms like Histone 

deacetylase (HDAC) inhibition, inhibition of inflammatory cytokines, angiogenesis 

inhibition and many more justifies its possible use in variety of disorders like 

diabetes mellitus, asthma, cancer, shock, hyperlipidemia, fibrosis etc. Present 

review throws some light on such under-reported, clinically beneficial effects of 

Valproic acid in various diseases and disorders. 
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     INTRODUCTION 

Valproic acid (VPA) is a branched chain carboxylic acid, 

and is a broad spectrum antiepileptic drug that has been used 

for more than 35 years and also prescribed to treat bipolar 

and schizoaffective disorders, social phobias and neuropathic 

pain, as well as for prophylaxis or treatment of migraine 

headache, with a chemical structure similar to that of short 

chain fatty acids [1-4]. The name Valproic acid comes from 

2-propylvalericacid, its alternative chemical name. In the 

chemical nomenclature, Valproic acid should be named 2-

propylpentanoic acid or dipropyl-acetic acid with the formu-

la (CH3CH2CH2)2CHCOOH). Valproic acid is an endoge-

nous fatty acid and was first synthesized by B.S. Burton, as 

an organic solvent [5]. Its antiepileptic properties was acci-

dently discovered in 1963 by Pierre Eymard and his col-

leagues, who were using Valproic acid as a solvent for com-

pound tested as a antiepileptic potential and they realized 

that this solvent itself inhibits experimental seizures [1, 6]. It 

was first used clinically in USA in 1978 only for absence 

seizures and thereafter in 1978 for partial seizure [5]. At 

first, it was formulated in acid form and thereafter as a sodi-

um and magnesium salt and as an amide. Valproic acid is 

slightly soluble in water and highly soluble in organic sol-

vents and stable at room temperature. Valproic acid is not 

sensitive to humidity but its sodium salt is highly hygroscop-

ic [1, 5, 7]. 

 

Pharmacology of Valproic acid 

It potentiates gamma aminobutyric acid  transmission in 

some specific brain regions, thought to be responsible for 

control of seizure generation and propagation by inhibition 

of GABA degradation, increase GABA synthesis and de-

crease GABA turnover [1, 2, 4, 8-11]. It also reduces release 

and/or effects of epileptogenic hydroxybutyric acid and at-

tenuates N-methyl-D-aspartate (NMDA)-type glutamate 

receptors induced neuronal excitation [1, 2, 12, 13]. It was 

also observed that Valproic acid block voltage-dependent 
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Na+ channels [14, 15] and modulate the firing frequency of 

neurons and alter dopaminergic and seratonergic neuro-

transmissions [2, 11, 16]. 

 

Pharmacokinetics of Valproic acid 

Salts of Valproic acid is available in different dosage 

form including parenteral and oral dosage forms. Its oral 

dosage forms includes immediate release, sustained release, 

delayed release and enteric coated preparations [10]. Non 

enteric coated formulations are freely, rapidly and complete-

ly absorbed from gastrointestinal tract. They give peak 

plasma concentration within 1-4 hrs. after ingestion. It 

achieves peak plasma concentration after oral solution and 

enteric coated formulation within 15-60 minutes and 3-7.5 

hrs. respectively [2, 5, 10, 17]. Its therapeutic concentration 

ranges from 50-125 µg/ml and at this concentration, 80-90% 

bounds to plasma proteins and binding to plasma proteins 

decreases with increase in concentration of drug in plasma. 

Valproic acid has very low volume of distribution ranging 

from 0.13-0.40 l/kg [2, 18-20]. 

 

Metabolism: [2, 21-24] 

Biological half-life of Valproic acid is 5-20 hrs. Elimina-

tion follows first order monophasic exponential kinetics [19, 

25] (Table 1). 

 

Adverse drug reactions 

Common adverse drug reactions include dyspepsia, 

weight gain, dysphoria, fatigue, dizziness, drowsiness, hair 

loss, headache, nausea, sedation and tremor. It can also im-

pair liver function, prolongate the blood coagulation time 

and may also cause thrombocytopenia. It is teratogenic and 

when used in pregnancy it may cause congenital anomalies 

mainly spina bifida [1, 26-28]. Some serious side effects 

may be seen in some individuals who are taking Valproic 

acid for prolonged use and these includes hepatotoxicity, 

hyperammonaemic encephalopathy and pancreatitis. It may 

also result in central nervous system depression and behav-

iour abnormalities [10, 29, 30]. 

 

Novel Pharmacological actions of Valproic acid 

Valproic acid as Anti-inflammatory: Valproic acid has 

been shown to reduce the COX-I and COX-II levels which 

are involved in inflammation. Bosetti and co-workers [31] 

found that chronic Valproic acid treatment reduces rat brain 

arachidonic acid release and also reduce the COX I and 

COX II total turnover and thus may be useful in reducing 

inflammation. In another study, Valproic acid attenuated 

inflammation in rat model of autoimmune neuritis where VA 

suppressed the mRNA levels of interferon-gamma, tumor 

necrosis factor-alpha (TNF-α), interleukin (IL)-1β, IL-4, IL-

6 and IL-17 [32].  

Valproic acid inhibits atherosclerotic lesions: Long term 

endoplasmic reticulum (ER) stress observed in atherosclerot-

ic lesions which is an important contributor to pro-

atherogenic progression [33]. Long term ER stress leads to 

apoptosis of lesional macrophages. During plaque formation, 

apoptotic cells are quickly phagocytized by macrophages 

[34] and this process is mediated by anti-inflammatory cyto-

kines such as transforming growth factor (TGF)- β and IL-

10 [35]. Glycogen synthase kinase-3 (GSK-3) is important 

potential factor through which ER stress signals and produc-

es atherosclerotic lesions [36]. Bowes et al. [37] studied the 

effect of Valproic acid in hyperglycemic apo-E deficient 

mice and reported the protective role of Valproate in attenu-

ating the atherosclerotic lesions. This effect was mediated by 

inhibiting the GSK-3 activity and interfering with pro-

atherogenic endoplasmic reticulum stress signaling path-

ways. The probable mechanism behind regression of athero-

sclerotic lesions might be inhibition of GSK-3 inhibition and 

reduction in ER stress along with lowering of inflammatory 

markers like TGF- β and COX-II as described earlier The 

major challenge is population-based clinical study is re-

quired to ascertain VPA's anti-atherosclerotic potential and 

dose titration is utmost important in this condition.   

Valproic acid in type I diabetes: Patients with type I dia-

betes have deficient β cell function or loss of β cell resulting 

in decrease in insulin secretion. This loss of pancreatic β 

cells results in hyperglycemia which if not controlled results 

in diabetic microvascular and macrovascular complications. 

Studies have shown that VPA increased insulin secretion 

from pancreatic β cells. In-vitro study on pancreatic β cells 

have demonstrated that VPA increased time and dose de-

pendent insulin secretion in cell supernatant [38]. This effect 

of Valproic acid might be useful in patients with type I dia-

betes who have few β cells intact or functioning in pancreas. 

Our group showed significant reduction in blood glucose 

with two months of VPA (210 mg/kg/day) treatment in dia-

betic rats effect of which might be related to induction of 

estrogen receptors [39]. ER stress is also important factor 

Table 1. Metabolism [2, 21-24] 

Biochemical Process  Percentage Metabolite 

Direct Glucuronidation  80% - 

Unchanged excretion  3% - 

β- oxidation 

 

 17%  

Mitochondrial 70% - 

Cytosol   

ώ- oxidation 14% 
5- hydroxyl-2-propyl pentanoic acid, 

2-polyglutaric acid 

ώ1- oxidation 16% 
4- hydroxyl-2-propyl pentanoic acid, 

4- oxo-2-propyl pentanoic acid 
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that has been linked to development of type I diabetes by 

destruction of β cells [40]. It has been shown that VLA pro-

tects cells from ER stress and prevents apoptosis by inhibi-

tion of GSK-3α and GSK-3β. It was observed that in culture 

of hepatic carcinoma cell line HepG2, when incubated with 

VPA, there was significant protection of cells from ER stress 

induced by thapsigargin and this protective effect was medi-

ated by predominantly GSK-3β and to a lesser extent by 

GSK-3α. This experiment throws light on our understanding 

that VPA could be used to treat autoimmune type I diabetes 

by preventing further loss of β cells [41]. The mechanism 

behind reduction in blood glucose in type I diabetes is main-

ly due to pancreatic β-cell protection from oxidative stress 

and HDAC inhibition property of VPA. Further, challenge in 

use of VPA in type-I diabetes is to carry out large case-

control study and its efficacy in combination with other hy-

poglycemic drugs.  

Valproic acid in type II diabetes: Insulin resistance is 

hallmark of type II diabetes characterized by hyperinsuline-

mia and hyperglycemia. Recently, a study revealed that 

Valproic acid significantly reduced plasma glucose level, 

glycated hemoglobin and insulin resistance in type II diabet-

ic rats. Further, VPA also inhibited gluconeogenesis in liver 

and all this effect was mediated by inhibition of HDAC ac-

tivity by VPA [42]. HDAC have been reporting to mediate 

glucose metabolism and target for insulin sensitivity recent-

ly. Class I and III HDAC regulates glucose and fatty acid 

metabolism [43]. HDAC3 activation by hyperglycemia 

suppress the Peroxisome proliferator–activated receptor 

(PPAR)-γ coactivator (PGC)-1α, a transcription co-activator, 

function and thus insulin sensitivity. Study showed that 

blocking HDAC3 activity in DIO mice prevented insulin 

resistance [44, 45]. This study suggests the role of class I 

HDAC inhibitor in improving insulin sensitivity. Acetylation 

of Tricarboxylic acid (TCA) cycle enzymes in cytosol was 

found in type II diabetes. Trichostatin A, a class I HDAC 

inhibitor was found to regulate acetylation status of TCA 

cycle proteins and sensitizes insulin thereby reducing plasma 

glucose [46, 47]. In another study, butyrate, a class I HDAC 

inhibitor improved energy expenditure and insulin sensitivity 

in dietary obese C57BL/6J mice through stimulation of 

PGC-1α activation by HDAC inhibitory action [48]. Valpro-

ic acid is well known inhibitor of class I HDAC and may 

have therapeutic role in type II diabetes as insulin sensitizer. 

The probable mechanism in type-II diabetes is the ability of 

VPA to inhibit HDAC which affects glucose metabolism 

pathway enzymes and increase insulin sensitivity and reduc-

tion in oxidative stress which is hallmark in diabetic condi-

tion as shown by our group previously [39]. The challenge in 

use of VPA in type-II diabetes is to conduct large population 

based studies and comparing its effects with available hypo-

glycaemic drugs along with deciding suitable dose which 

should not produce side effects.  

Valproic acid inhibits angiogenesis: Anti-angiogenic po-

tential of any compound make it very useful in treatment of 

proliferative disorders. VPA shown to inhibit endothelial cell 

proliferation dose-dependently. It also inhibited  vascular 

endothelial growth factor (VEGF) secretion of glioma cells 

in-vitro [49]. Another study showed similar findings where 

VPA treatment inhibited umbilical vein proliferation, migra-

tion and tube formation. These profound changes were at-

tributed to hyperacetylation of histone H4 which indicates 

histone deacetylase (HDAC) inhibitory activity as VPA is a 

well known HDAC inhibitor and a decreased expression of 

the endothelial nitric-oxide synthase (eNOS) which is con-

firmed by replacing VPA with its derivative which is not 

showing HDAC inhibitory activity [50]. In brain tumor 

model, VPA decreased the synthesis of vessels expressing 

factor VIII and inhibited glioma cell angiogenesis. This find-

ing supports the role of VPA in treatment of cancer [49]. 

Pericytes have important function in neo-formation of blood 

vessels and it maintains angiostasis in other tissue. The ef-

fect of VPA on pericyte has been studied and found that 

VPA treatment inhibits pericyte proliferation and migration 

without affecting pericyte viability [51]. The mechanism of 

anti-angiogenic property might involves HDAC inhibition 

and attenuation of VEGF and eNOS thereby, justify its use 

in proliferative disorders.  

Valproic acid decrease fibrosis: Fibrotic diseases are 

mainly a result of type I collagen overproduction. It was 

demonstrated that VPA inhibited collagen production in con-

junctival fibroblast by decreasing type I collagen expression 

by modulating Smad expression where Smad2, Smad3 and 

Smad4 were decreased and blocked the fibrogenic activa-

tion. Apart from this, Smad6 was over-expressed which 

proved to be beneficial as over-expression of Smad6 reduced 

the fibrogenic potential of TGF-β [52]. Another study by 

Mannaerts et al. [53] showed that VPA blocked the hepatic 

stellate cells activation and ultimately resulting liver fibrosis 

in chronically injured mouse liver. VPA also halted thiocet-

amide induced liver fibrosis where VPA increased the DNA 

damage and apoptosis in the activated hepatic stellete cells 

along with significantly increase in MMP-2 production [54]. 

In a model of Adriamycin induced renal fibrosis, VPA atten-

uated the kidney injury by decreasing the expression of pro-

fibrotic and pro-inflammatory genes and accumulation of 

myofibroblasts in the interstitium. It was observed that α-

SMA, TIMP-1, collagen type-1α1, and TGF-β1 induction 

were significantly abrogated by VPA treatment which are 

fibrotic markers. It was also studied that these pathological 

changes were due to histone hyperacetylation [55]. VPA is 

well known HDAC inhibitor [56] and this inhibitory activity 

could be responsible behind attenuation of renal fibrosis. 

Similar results were recorded by different scientists where 

VPA reduced tubulo-interstitial injury, renal fibroblast acti-

vation and interstitial fibrosis and suppresses the epenchy-

mal to mesenchymal transition (EMT) induced by TGF-β1 

where TGF-β1 was inhibited by VPA [57-60]. Left ventricu-

lar heart failure, a major cardiac manifestation is a conse-

quences of cardiac fibrosis [61]. Further our group showed 

significant reduction in cardiac and renal collagen with VPA 

treatment in diabetic rats which was possibly due to in-

creased estrogen receptor expression with VPA treatment 

[39]. In a model of doxorubicin induced myocardial fibrosis 
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in rats, VPA reduced collagen synthesis in left ventricle [62]. 

Another study showed that VPA administration in DOCA 

salt sensitive hypertensive rat reduced the cardiac hypertro-

phy and fibrosis which was confirmed by reduction in ANF, 

BNP and β-MHC in hearts [61]. Of note, cardiac fibrosis 

was also inhibited by angiotensin infusion and aortic bend-

ing in rats where VPA reduced interstitial fibrosis by inhibit-

ing ANF, β-MHC and α-tubulin which were believed due to 

inhibition of class I HDAC [63] which is well reported by 

VPA [56]. Above evidences makes the VPA as a candidate 

for therapeutics of fibrotic disorders. Recently, it has been 

reported that VPA protects heart functions in model of myo-

cardial infarction where there is significant reduction in oxi-

dative stress and fibrosis observed mediated via Foxm1 

pathway [64]. The possible mechanism in reduction in fibro-

sis involves arrest of fibrotic markers like TGF-β1, ANF and 

BNP. Apart from this, oxidative stress plays an important 

role in fibrosis is already shown to be inhibited by VPA in 

animal model as shown by studies [39, 65]. 

Valproic acid decrease blood pressure: Systolic and 

pulmonary hypertension are outcome of several disorders 

like atherosclerosis, diabetes, hyperlipidemia, heart failure 

and many more often associated with increased expression 

of pro-inflammatory cytokines (PICs). Long standing un-

treated hypertension may damage kidney and retina. VPA 

has shown some hope in treating systolic hypertension. In a 

study of L-NAME induced hypertension in rats, VPA treat-

ment normalized the increased blood pressure and heart rate 

[66]. In another study, VPA treatment in spontaneously hy-

pertensive rats for 20 weeks reduced blood pressure, heart 

rate and reactive oxygen species (ROS). It is believed that 

uncontrolled HDAC activity is responsible for hypertension 

and associated effects. VPA is known HDAC inhibitor and 

VPA treatment reduced HDAC activity and ROS thereby 

reduced hypertension. Apart from this, VPA also inhibited 

PICs like TNF-α and IL-1β and reduced angiotensin-1 recep-

tor expression thereby controlled hypertension by ameliorat-

ing the action of angiotensin-II [67].  Right ventricular fail-

ure, a most debilitating condition arises when pulmonary 

hypertension standing long time. In monocrotaline induced 

severe pulmonary hypertension, VPA attenuated progression 

of vascular remodeling and reversed the severe pulmonary 

hypertension. This effect is due to reducing the excessive 

inflammation and cell proliferation. HDAC inhibitory activi-

ty may have played an important role in reversing pulmo-

nary hypertension [68]. As HDAC inhibitor have proven role 

in cardio-renal axis and cancer [58, 69]. This findings were 

supported by another study carried out by Cho et al. [70] 

where VPA reduced right ventricular hypertrophy in mono-

crotaline induced right sided heart failure. In our study, we 

also support above findings where VPA (210 mg/kg/day) for 

two months significantly reduced systolic and diastolic 

blood pressure, rate of pressure development and decay and 

hypertrophic index [39]. The mechanism involved in reduc-

tion of blood pressure is blocking of angiotensin-1 receptor 

and attenuation of inflammatory markers with reduction in 

oxidative stress. The challenge in using VPA in hypertension 

is to be justified by properly designed clinical study and 

suitable dose which should not produce treatment related 

side effects.  

Valproic acid inhibits adipogenesis: Worldwide preva-

lence of obesity and its increase day-by-day is a serious con-

cern and made health researchers to think for new entity to 

treat obesity as it is positively correlated with morbidity in 

patients. Excess fat accumulation is a product of hyperplasia 

and hypertrophy of adipocyte [71] which cannot be reversed 

by current therapeutic approach. In an attempt to think for 

such condition, study was conduct to know the effective role 

of VPA to inhibit adipogenesis. In 3T3L1 cell line, VPA was 

shown to inhibit adipogenesis by its HDAC inhibitory activi-

ty. It was also shown that VPA mediated this effect by direct 

activation of PPARγ [72]. Other study carried out to find the 

molecular mechanism of VPA inhibit adipogenesis where it 

was found that VPA suppressed adipogenesis through the 

down-regulation of USF1 (Upstream stimulating factor-1)-

activated fatty acid synthesis in adipocytes. Apart from that, 

expression of fatty acid synthase was noteworthy suppressed 

with VPA treatment [73]. PPAR-δ has proven role in lipid 

homeostasis and metabolic regulation [74]. PPAR-δ has also 

been identified for its role in reduction of adiposity by inhib-

iting adipogenesis [75]. Another study has concluded that 

VPA is an activator of PPAR-δ ligand-binding domain in 

CHO (Chinese hamster ovary) cells [76]. So, as discussed 

earlier, inhibition of adipogenesis may be due to activation 

of PPAR-δ ligand. Further, it was noted that HDAC1 in-

creases energy expenditure and reduce the adiposity in obese 

mice. VPA is proved to be HDAC1 inhibitor and thereby 

may regulate adipocyte differentiation process [77].  The 

mechanism may involve in inhibition of adiogenesis is acti-

vation of PPARγ and reduction in lipid parameters like LDL, 

cholesterol and triglyceride which might be related to its 

HDAC inhibitory activity.  

Valproic acid delays aging: Majority of human disability 

and diseases are due to phenomena of ageing and major con-

tributor for socio-economic burden. Alzheimer’s disease, 

Parkinson’s disease and cardiovascular diseases are on top of 

ageing related disorders. Agents which can delay the ageing 

process will be an exceptional outcome of modern science. 

In an attempt to discover such drugs, VPA proved to be a 

value because in experiment on Caenorhabditis elegans, it 

was found that VPA extended the life span of C. elegens and 

delayed diminished  age-related body movements. Possible 

mechanism behind delaying lifespan may be HDAC inhibi-

tory activity of VPA. Other mechanism sorted out by scien-

tist was DAF-1 nuclear localization and modulation of insu-

lin/IGF-1 pathway [78]. Retinal degeneration is also one of 

ageing related disorder where there is a loss of photoreceptor 

in retina.  It was shown that VPA treatment prevented the 

loss of photoreceptor induced by N-methyl-N-Nitrosourea 

(MNU) in mice by its anti-apoptotic action and by prevent-

ing the degradation of Heat shock protein-70 (HSP 70) [79] 

which has crucial role in photoreceptor cell death [80, 81]. 

Valproic acid increase erythropoiesis: Cell differentia-

tion along the erythroid lineage occurs over a two week span 
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in humans. The earliest erythroid progenitor, the burst form-

ing unit-erythroid (BFU-E), is small and without distinguish-

ing histologic characteristics. BFU-Es express the cell sur-

face antigen, CD34, as do all other early hematopoietic pro-

genitors allowing for its isolation using anti-CD34 antibod-

ies. The stage after the BFU-E is the CFU-E (colony forming 

unit-erythroid) which is larger and is the stage right before 

hemoglobin production begins. Erythropoiesis stimulating 

agent stimulates red blood cell (RBCs) production which can 

be helpful in many threatening diseases like anemia, malaria 

etc.  to reduce substantial rate of morbidity [82]. Role of 

HDAC inhibitors in erythropoiesis is well established [83]. 

Scientists have shown that VPA enhanced the potential of 

IL-3 to stimulate megakaryopoiesis and erythropoiesis which 

could be novel therapeutic approach for hematological dis-

ease [84]. VPA also shown capacity for ex-vivo expansion 

of hematopoietic stem cells which could be useful in stem 

cell transplantation and therapies [85]. Pace and co-workers 

[86] found that VPA and other short chain fatty acid  induces 

γ globin and stimulates the proliferation of hematopoietic 

cells in vitro. Further in-vivo study found increase in γ glo-

bin gene expression and induces erythropoiesis which can be 

pivotal in treatment of the β-hemoglobinopathies and oral 

treatment of other anemias. VPA also shown to induce fetal 

hemoglobin synthesis by modulating MAP kinase pathway 

[87]. The possible mechanism by which VPA stimulates 

erythropoiesis is to stimulate IL-3 and γ globin gene expres-

sion.  

Valproic acid in Asthma and Airway disorders: Asthma 

and airway disorders are more common and debilitating in-

flammatory illness in developing countries owe to its indus-

trialization which emits harmful gases and destroys airway 

linings. Apart from this, they are more common in persons 

who smoke regularly and worldwide problem. Airway re-

modeling (AR), inflammation and hyperresponsiveness 

(AHR) as described by thickened and hypersecretory airway 

walls [88]. AR and AHR suppression are mediated by Treg 

cells and Th2 as evidenced by animal model [89]. Study has 

shown that VPA treatment regulated the gene expression of 

Tregs and increased the number of Treg in collagen induced 

arthritis model in rats and thus indicating a potential role in 

allergic airway diseases (AAD) [90, 91]. Royce et al. [88] 

found that in chronic treatment of VPA in mice model of 

AAD, there was reduced epithelial thickness and fibrosis in 

airway by reduced TGF-β protein expression and showed 

complete anti-remodelling effect by VPA. He also shown 

anti-apoptotic effect in airway epithelial cells as it is a signif-

icant marker in asthma for epithelial damage. Another team 

of researchers take on activity of VPA in hyperoxic lung 

injury model in neonatal rats where VPA exhibited anti-

apoptotic, anti-fibrotic and anti-inflammatory action. VPA 

also showed anti-oxidant activity and preserved structural 

damage to lungs. VPA also reduced TNF-α and IL-6 levels 

and showed anti-inflammatory activity as reported previous-

ly [92] and tissue remodeling was due to reduction in 

TGFβ/Smad activity and apoptosis apart from reduction in 

HDAC activity which was prominent in lung injury [93, 94]. 

Further, it was noted that HDAC inhibitors produce its anti-

inflammatory action by decreased leukocyte infiltration and 

reduction in Th2, IL-4 and IL-5 which are elevated in airway 

hyperresponsiveness (AHR), allergic airway diseases (AAD) 

and airway inflammation [88, 95, 96]. Clinical trial in human 

also proved VPA as effective anti-asthmatic agent where he 

showed complete remission in asthma with improvement in 

peak-flow rates [88, 97]. VPA inhibits inflammatory cyto-

kines and oxidative stress along with Th2 which exerts posi-

tive effects in airway disordes.  

VPA in Shock: Trauma and burn, which leads to hemor-

rhagic shock is most common cause of death after injury 

which can be prevented if resuscitation is provided immedi-

ately. It may lead to tissue hypoxia, hypercapnia and de-

creased tissue perfusion [98]. Although, resuscitation can 

help as damage control, it may lead to hemodilution, coag-

ulopaty and edema and sometimes acidosis and hypothermia 

[99-101]. Hemorrhagic shock distorts acetylation process in 

cell and increase histone deacetylation [102]. One of the 

study conducted by Hwabejire et al. [99] showed that VPA 

at dose of 250 mg/kg resulted in increased histone acetyla-

tion and activated prosurvival protein signalling like PI3K, 

phosphorylated Akt and phosphorylated GSK-3β. In another 

study, VPA showed protective effects and survival in in-vivo 

animal model of hemorrhagic shock. This effect was mediat-

ed by activation of PPARγ and inhibition of apoptotic sig-

naling [103]. It has also been noted that VPA alone can also 

mitigate organ specific damage in septic shock, hemorrhagic 

shock and traumatic brain injury. These protective mecha-

nism is reported to acquire by creating and modulating pro-

survival gene expression and anti-inflammatory phenotype 

by inhibiting histone deacetylation [104-106]. Patrick et al. 

[107] stated in his report that VPA produced its protective 

effect in traumatic injury and hemorrhagic shock by increas-

ing the expression of genes associated with cell survival, 

proliferation, and differentiation and decreasing those asso-

ciated with cell death and inflammation such as CCR1, IL-

1β,  TREM2 and TYROBP. If we dwell into detailed molec-

ular mechanism of survival, it has been found that VPA 

acetylates H3K9 and β-catenin and enhances translocation of 

β-catenin into the nucleus, where it co-localizes with Ac-

H3K9 and stimulates the transcription of survival gene bcl-2 

[108]. VPA showed increased survival in burn injury in-

duced shock too. In animal model of burn injury using bea-

gle dogs, VPA treated groups showed 60% survival rate and 

these may be possibly mediated by lowering of the level of 

pro-inflammatory factors, amelioration of vasopermeability-

induced visceral edema, reduction of blood volume loss, and 

protection of vital organs through inhibition of histone 

deacetylase activity of cell of vital organs [109]. Similarly, 

in rat model of lipopolysaccharide induced septic shock, 

VPA rescued multiple organ damage by diminishing in-

flammatory cytokines and restoration of acetylation status in 

affected tissue [110]. 

VPA in Hematological Cancer: Multiple myeloma and 

acute myeloid leukemia is defined as hematological malig-

nancies where there is an unregulated proliferation of termi-
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nally differentiated plasma cells which is very difficult to 

cure [111, 112]. Study conducted on myeloma cell lines and 

sorted human bone marrow multiple myeloma cells showed 

that VPA inhibited proliferation and acted as apoptosis in-

ducer in all multiple myeloma cell lines [56, 113]. These 

effects were attributed to increased levels of acetylated his-

tones and p21 whereas reduction in cyclinD1 has notable 

effects. VPA arrested G0/1 phase in cell cycle [114]. In sup-

port of above study results, another experiment was con-

ducted in which different human myeloma cell lines were 

used and they found that VPA promoted myeloma cell death 

by G1 phase arrest and also by apoptosis which is caspase 

dependent via MEK/ERK and p38 MAPK pathway [112]. If 

we can further dive into animal study, Neri et al. [115] used 

multiple myeloma (MM) cells and MM xenografts in two 

animal models respectively and studied the effects of VPA 

on them. He found that VPA up-regulated mRNA transcripts 

of RND3, BTG1 and CREG1and p21 which is known to be 

apoptotic and anti-proliferative. He also demonstrated that 

there was down-regulation of cell cycle progression via inhi-

bition of c-MYC, CCND1 and CCND2, which are cell cycle 

regulators. There was also a reduction in VEGF and VEGF 

receptor-1 expression and he concluded that VPA mediated 

cell cycle arrest and cell growth and apoptosis of MM cells 

by PARP activation which is known to cause cell death 

[115]. Of note, In chronic lymphocytic leukemia (CLL) cell 

lines, VPA showed apoptotic cell death via up-regulation of 

cathepsin-B and increased level of histone-3 acetylation 

[116]. Another mechanism involved in apoptosis by VPA is 

mitochondrial membrane damage by cytochrome –c release 

and cause apoptosis of leukemic cells by over-expression of 

BCL-2 and BAX proteins [117-119]. There is another mech-

anism like blocking of angiogenesis where VPA acts. Sever-

al studies found that VPA inhibits angiogenesis and arrest 

tumor growth [50, 120]. As we know that CLL cell are re-

sistant to death receptor mediated apoptosis, VPA showed its 

potential to kill leukemic cell via caspase-8 dependent apop-

totic pathway. VPA treatment sensitized the tumor necrosis 

factor–related apoptosis-inducing ligand (TRAIL) and it led 

to reduced expression and down-regulation of c-FLIP [121]. 

A clinical study was conducted in patients with acute mye-

loid leukemia (AML) with combination of Azacytidine and 

VPA. Treatment showed significant clinical improvement 

with less side effects [122]. Another phase II clinical study 

targeted 62 patients with high risk Myelodysplastic syn-

drome (MDS), treated with a combination of azacytidine and 

VPA showed that VPA increased 5-azacytidine efficiency, 

and the study concluded that 5-AZA/VPA combined treat-

ment is effective for patients with MDS with a poor progno-

sis [123]. From all above inferences, we can potentially jus-

tify use of VPA in myeloid and leukemic malignancy via its 

mechanism of anti-apoptotic and cell cycle arrest by modu-

lating various mediators.  

VPA in Solid Tumors: Histone deacetylase inhibitors 

mainly acts through stimulation of silenced tumor suppressor 

gene. VPA acts on p21WAF1/CDKN1A, a CDK (cyclin 

dependent kinase) generally associated with cell cycle arrest 

in G1/S phase and modulates their expression. Further, VPA 

induces apoptosis, via the extrinsic pathway involving en-

gagement of the caspase-8-dependent cascade, and makes 

cells more receptive to TRAIL/Apo2L-mediated apoptosis 

[124].  

There are several reports of VPA treatment in solid tu-

mors. VPA inhibited the cell growth in medullary thyroid 

cancer cells by modifying expression of Notch 1 in-vitro 

[125]. VPA (30 mg/kg/day) has been recently clinically in-

vestigated in breast cancer and demonstrated that valproic 

acid is clinically relevant regarding its HDAC inhibition 

activity in solid tumor malignancy [126, 127]. A phase II 

clinical study with VPA (60-90 mg/kg/day) evaluated in 

prostate cancer and regularly monitored PSA levels. Study 

found that increasing dose of VPA reduced PSA level and 

patient s have disease stabilization or remission although 

some toxicities are reported [128]. In a pancreatobiliary can-

cer, VPA in combination with 5-Fluorouracil showed anti-

tumor activity at a dose of 30 mg/kg/day with manageable 

safety profile [129]. In a clinical study with glioblastoma, 

VPA (15-30 mg/kg/day) showed improved outcomes and 

increased median survival in patients with low toxicity 

[130]. Similarly, VPA has been studied in combination with 

cytotoxic chemotherapy, particularly with DNA-damaging 

agents: in combination with the epirubicin, responses were 

seen in 22% of patients [131]. Further, in patients with breast 

cancer, VPA (120 mg/kg/day) along with epirubicin, cyclo-

phosphamide produced objective responses in 64% of pa-

tients with acceptable toxicities [127].  

VPA also showed synergistic effects with Doxorubicin in 

patients with mesothelioma and showed good response rate 

of 16% [132]. Further, In a small randomized study of 36 

patients with advanced cervical cancer, the addition of epi-

genetic therapy with hydralazine and VPA (30 mg/kg/day) to 

cisplatin and topotecan led to a statistically significant im-

provement in the progression-free survival of 10 versus 6 

months [133] and further in another study, VPA induced H3 

acetylation showed to prevent the emergence of resistance to 

mammalian target of rapamycin inhibitors in renal cell can-

cer [134]. In a clinical study with metastatic melanoma, 

VPA (75 mg/kg/day) with Karenitecin showed disease stabi-

lization in 47% of patients.  

So, based on all above context, it can be concluded that 

VPA has shown some potential in treating solid tumors with 

varied dose and standard dose still has to be established 

based on types of tumors that can lead to future use of VPA 

in these conditions for better treatment outcomes. The major 

challenge in using VPA in solid tumors is its high dose re-

quirement which may not be suitable for all patients as high 

dose sometimes shows hematological and gastric adverse 

events which may force to discontinue its use although posi-

tive effects.  

 

CONCLUSION 

Valproic acid has numerous, remarkable properties, those 

can be used to treat variety of disorders. Several clinical tri-

als and studies are going on to check the efficacy and safety 
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at higher dose of this molecule. Its role in metabolic and 

inflammatory diseases has been fully reviewed and tested 

and justifies its role in adjuvant treatment along with current 

therapy. Its role in hematological malignancies has been 

wonderful and may become thirst molecule in coming years 

by looking at its risk-reward ratio in such cases (Fig. 1). 

 

Future perspectives 

Although an outline of various mechanisms of Valproic 

acid are well-established in various diseases and disorders, 

several additional aspects regarding its role in metabolic 

disorders, cancer and cardiovascular diseases are still to be 

explored. As these diseases are widely prevalent across the 

globe and involvement of various genetic economy in these 

diseases, its exact role at genetic structure and molecular 

pathways should be established which helps in assessing 

risk-benefit ratio and personalized medicine as high dose of 

VPA cause some gastric and hematological toxicities. Regu-

latory authority approval can also be a challenge without 

exactly known mechanism and lack of human studies. Phy-

sicians should look into its effects on metabolic disorders 

and respiratory disorders based on available human clinical 

reports and accordingly can look out to prescribe in patients 

with epilepsy so that patients can be benefited without much 

drug loading. Further, large population-based clinical studies 

are strictly warranted to access effects of Valproic acid as 

mentioned in article which can easily justify its use and effi-

cacy with simultaneously monitoring adverse events.    

 

ACKNOWLEDGEMENTS 

Authors are highly thankful to Department of Pharma-

ceutical Sciences, Saurashtra University, Rajkot, Gujarat, 

India for providing necessary infrastructural support. Au-

thors are also thankful to Mr. Devendra Vaishnav, Mr. 

Vishal Airao and Mr. Tejas Sharma for their technical assis-

tance in manuscript preparation.   

        

CONFLICTS OF INTEREST 

The author(s) declare(s) that there is no conflict of inter-

est regarding the publication of this article 

 

REFERENCES 

1. Kostrouchova M, Kostrouch Z, Kostrouchova M. Valproic acid, a 

molecular lead to multiple regulatory pathways. Folia Biol (Praha) 
2007;53(2):37-49. 

2. Lheureux PE, Penaloza A, Zahir S, Gris M. Science review: carnitine in 

the treatment of valproic acid-induced toxicity - what is the evidence? 
Crit Care 2005;9(5):431-40. 

3. Tolou-Ghamari Z, Palizban AA. Review of Sodium Valproate Clinical 

and Biochemical Properties. Zahedan J Res Med Sci. 2015;17(8):e2207. 
4. Johannessen CU, Johannessen SI. Valproate: past, present, and future. 

CNS Drug Rev 2003;9(2):199-216. 

5. Sayonara B, Fagundes R. Valproic acid: review. Rev Neurosci 
2008;16(2):130-6. 

6. Meunier H, Carraz G, Neunier Y, Eymard P, Aimard M. 

[Pharmacodynamic properties of N-dipropylacetic acid]. Therapie 
1963;18:435-8. 

7. Balbi A, Sottofattori E, Mazzei M, Sannita WG. Study of 

bioequivalence of magnesium and sodium valproates. J Pharm Biomed 
Anal 1991;9(4):317-21. 

8. Bolanos JP, Medina JM. Effect of valproate on the metabolism of the 

central nervous system. Life Sci 1997;60(22):1933-42. 
9. Johannessen CU. Mechanisms of action of valproate: a commentatory. 

Neurochem Int 2000;37(2-3):103-10. 

10. Perucca E. Pharmacological and therapeutic properties of valproate: a 
summary after 35 years of clinical experience. CNS Drugs 

2002;16(10):695-714. 

11. Owens MJ, Nemeroff CB. Pharmacology of valproate. 
Psychopharmacol Bull 2003;37 Suppl 2:17-24. 

12. Loscher W. Basic pharmacology of valproate: a review after 35 years of 

clinical use for the treatment of epilepsy. CNS Drugs 2002;16(10):669-
94. 

 
           Figure 1. A summary of Valproic acid actions  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
23

-0
5-

22
 ]

 

                             7 / 10

http://ijpt.iums.ac.ir/
http://ijpt.iums.ac.ir/article-1-363-en.html


    8                                            Rabadiya et al. 
 

 

  

 
Iranian J Pharmacol Ther. 2019 (April);17:1-10.                               This paper is available online at: http://ijpt.iums.ac.ir   

13. Gobbi G, Janiri L. Sodium- and magnesium-valproate in vivo modulate 

glutamatergic and GABAergic synapses in the medial prefrontal cortex. 
Psychopharmacology (Berl) 2006;185(2):255-62. 

14. Large CH, Kalinichev M, Lucas A, Carignani C, Bradford A, Garbati 

N, et al. The relationship between sodium channel inhibition and 
anticonvulsant activity in a model of generalised seizure in the rat. 

Epilepsy Res 2009;85(1):96-106. 

15. Nalivaeva NN, Belyaev ND, Turner AJ. Sodium valproate: an old drug 
with new roles. Trends Pharmacol Sci 2009;30(10):509-14. 

16. Loscher W. Valproate: a reappraisal of its pharmacodynamic properties 

and mechanisms of action. Prog Neurobiol 1999;58(1):31-59. 
17. Graudins A, Aaron CK. Delayed peak serum valproic acid in massive 

divalproex overdose--treatment with charcoal hemoperfusion. J Toxicol 

Clin Toxicol 1996;34(3):335-41. 
18. Schobben F, van der Kleijn E, Gabreels FJ. Pharmacokinetics of di-n-

propylacetate in epileptic patients. Eur J Clin Pharmacol 1975;8(2):97-

105. 
19. Gugler R, von Unruh GE. Clinical pharmacokinetics of valproic acid. 

Clin Pharmacokinet 1980;5(1):67-83. 

20. Chadwick DW. Concentration-effect relationships of valproic acid. Clin 
Pharmacokinet. 1985;10(2):155-63. 

21. Tennison MB, Miles MV, Pollack GM, Thorn MD, Dupuis RE. 

Valproate metabolites and hepatotoxicity in an epileptic population. 
Epilepsia. 1988;29(5):543-7. 

22. Breum L, Astrup A, Gram L, Andersen T, Stokholm KH, Christensen 

NJ, et al. Metabolic changes during treatment with valproate in humans: 
implication for untoward weight gain. Metabolism 1992;41(6):666-70. 

23. Khoo SH, Leyland MJ. Cerebral edema following acute sodium 

valproate overdose. J Toxicol Clin Toxicol 1992;30(2):209-14. 
24. Bryant AE, 3rd, Dreifuss FE. Valproic acid hepatic fatalities. III. U.S. 

experience since 1986. Neurology 1996;46(2):465-9. 

25. Gram L, Bentsen KD. Valproate: an updated review. Acta Neurol Scand 
1985;72(2):129-39. 

26. Lammer EJ, Sever LE, Oakley GP, Jr. Teratogen update: valproic acid. 

Teratology 1987;35(3):465-73. 
27. Koren G, Kennedy D. Safe use of valproic acid during pregnancy. 

Canad Fam Physic Med 1999;45:1451-3. 

28. Koren G, Nava-Ocampo AA, Moretti ME, Sussman R, Nulman I. Major 
malformations with valproic acid. Canad Fam Physic Med 

2006;52(4):441-7. 

29. Spiller HA, Krenzelok EP, Klein-Schwartz W, Winter ML, Weber JA, 
Sollee DR, et al. Multicenter case series of valproic acid ingestion: 

serum concentrations and toxicity. J Toxicol Clin Toxicol 

2000;38(7):755-60. 
30. Jezequel AM, Bonazzi P, Novelli G, Venturini C, Orlandi F. Early 

structural and functional changes in liver of rats treated with a single 

dose of valproic acid. Hepatology 1984;4(6):1159-66. 
31. Bosetti F, Weerasinghe GR, Rosenberger TA, Rapoport SI. Valproic 

acid down-regulates the conversion of arachidonic acid to eicosanoids 
via cyclooxygenase-1 and -2 in rat brain. J Neurochem 2003;85(3):690-

6. 

32. Zhang Z, Zhang ZY, Fauser U, Schluesener HJ. Valproic acid 
attenuates inflammation in experimental autoimmune neuritis. Cell Mol 

Life Sci. 2008;65(24):4055-65. 

33. Myoishi M, Hao H, Minamino T, Watanabe K, Nishihira K, 
Hatakeyama K, et al. Increased endoplasmic reticulum stress in 

atherosclerotic plaques associated with acute coronary syndrome. 

Circulation 2007;116(11):1226-33. 
34. Chistiakov DA, Sobenin IA, Orekhov AN, Bobryshev YV. Role of 

Endoplasmic Reticulum Stress in Atherosclerosis and Diabetic 

Macrovascular Complications. BioMed Res Int 2014;2014:14. 
35. Henson PM, Bratton DL, Fadok VA. Apoptotic cell removal. Curr Biol 

2001;11(19):R795-805. 

36. McAlpine CS, Bowes AJ, Khan MI, Shi Y, Werstuck GH. Endoplasmic 
reticulum stress and glycogen synthase kinase-3beta activation in 

apolipoprotein E-deficient mouse models of accelerated atherosclerosis. 

Arterioscler Thromb Vasc Biol 2012;32(1):82-91. 
37. Bowes AJ, Khan MI, Shi Y, Robertson L, Werstuck GH. Valproate 

attenuates accelerated atherosclerosis in hyperglycemic apoE-deficient 

mice: evidence in support of a role for endoplasmic reticulum stress and 
glycogen synthase kinase-3 in lesion development and hepatic steatosis. 

Am J Pathol 2009;174(1):330-42. 

38. Luef GJ, Lechleitner M, Bauer G, Trinka E, Hengster P. Valproic acid 
modulates islet cell insulin secretion: a possible mechanism of weight 

gain in epilepsy patients. Epilepsy Res 2003;55(1-2):53-8. 

39. Rabadiya S, Bhadada S, Dudhrejiya A, Vaishnav D, Patel B. 
Magnesium valproate ameliorates type 1 diabetes and cardiomyopathy 

in diabetic rats through estrogen receptors. Biomed Pharmacother 

2018;97:919-27. 
40. Harding HP, Zeng H, Zhang Y, Jungries R, Chung P, Plesken H, et al. 

Diabetes mellitus and exocrine pancreatic dysfunction in perk-/- mice 

reveals a role for translational control in secretory cell survival. Mol Cell 
2001;7(6):1153-63. 

41. Kim AJ, Shi Y, Austin RC, Werstuck GH. Valproate protects cells from 

ER stress-induced lipid accumulation and apoptosis by inhibiting 
glycogen synthase kinase-3. J Cell Sci 2005;118(Pt 1):89-99. 

42. Khan S, Kumar S, Jena G. Valproic acid reduces insulin-resistance, fat 

deposition and FOXO1-mediated gluconeogenesis in type-2 diabetic rat. 
Biochimie 2016;125:42-52. 

43. Ye J. Improving insulin sensitivity with HDAC inhibitor. Diabetes 

2013;62(3):685-7. 
44. Gao Z, He Q, Peng B, Chiao PJ, Ye J. Regulation of nuclear 

translocation of HDAC3 by IkappaBalpha is required for tumor necrosis 

factor inhibition of peroxisome proliferator-activated receptor gamma 
function. J Biol Chem 2006;281(7):4540-7. 

45. Gao Z, Yin J, Zhang J, Ward RE, Martin RJ, Lefevre M, et al. Butyrate 

improves insulin sensitivity and increases energy expenditure in mice. 
Diabetes 2009;58(7):1509-17. 

46. Zhao S, Xu W, Jiang W, Yu W, Lin Y, Zhang T, et al. Regulation of 

cellular metabolism by protein lysine acetylation. Science 
2010;327(5968):1000-4. 

47. Guan KL, Xiong Y. Regulation of intermediary metabolism by protein 

acetylation. Trends Biochem Sci 2011;36(2):108-16. 
48. Gao Z, Yin J, Zhang J, Ward RE, Martin RJ, Lefevre M, et al. Butyrate 

improves insulin sensitivity and increases energy expenditure in mice. 

Diabetes 2009;58(7):1509-17. 
49. Osuka S, Takano S, Watanabe S, Ishikawa E, Yamamoto T, Matsumura 

A. Valproic acid inhibits angiogenesis in vitro and glioma angiogenesis 

in vivo in the brain. Neurol Med Chir (Tokyo) 2012;52(4):186-93. 
50. Michaelis M, Michaelis UR, Fleming I, Suhan T, Cinatl J, Blaheta RA, 

et al. Valproic acid inhibits angiogenesis in vitro and in vivo. Mol 

Pharmacol 2004;65(3):520-7. 
51. Karen J, Rodriguez A, Friman T, Dencker L, Sundberg C, Scholz B. 

Effects of the histone deacetylase inhibitor valproic acid on human 

pericytes in vitro. PloS one. 2011;6(9):e24954. 
52. Seet LF, Toh LZ, Finger SN, Chu SW, Stefanovic B, Wong TT. 

Valproic acid suppresses collagen by selective regulation of Smads in 

conjunctival fibrosis. J Mol Med (Berl) 2016;94(3):321-34. 
53. Mannaerts I, Nuytten NR, Rogiers V, Vanderkerken K, van Grunsven 

LA, Geerts A. Chronic administration of valproic acid inhibits activation 
of mouse hepatic stellate cells in vitro and in vivo. Hepatology 

2010;51(2):603-14. 

54. Aher JS, Khan S, Jain S, Tikoo K, Jena G. Valproate ameliorates 
thioacetamide-induced fibrosis by hepatic stellate cell inactivation. Hum 

Exp Toxicol 2015;34(1):44-55. 

55. Van Beneden K, Geers C, Pauwels M, Mannaerts I, Verbeelen D, van 
Grunsven LA, et al. Valproic acid attenuates proteinuria and kidney 

injury. J Am Soc Nephrol 2011;22(10):1863-75. 

56. Gottlicher M, Minucci S, Zhu P, Kramer OH, Schimpf A, Giavara S, et 
al. Valproic acid defines a novel class of HDAC inhibitors inducing 

differentiation of transformed cells. Embo J 2001;20(24):6969-78. 

57. Marumo T, Hishikawa K, Yoshikawa M, Hirahashi J, Kawachi S, Fujita 
T. Histone deacetylase modulates the proinflammatory and -fibrotic 

changes in tubulointerstitial injury. Am J Physiol Renal Physiol 

2010;298(1):F133-41. 
58. Pang M, Kothapally J, Mao H, Tolbert E, Ponnusamy M, Chin YE, et 

al. Inhibition of histone deacetylase activity attenuates renal fibroblast 

activation and interstitial fibrosis in obstructive nephropathy. Am J 
Physiol Renal Physiol 2009;297(4):F996-f1005. 

59. Noh H, Oh EY, Seo JY, Yu MR, Kim YO, Ha H, et al. Histone 

deacetylase-2 is a key regulator of diabetes- and transforming growth 
factor-beta1-induced renal injury. Am J Physiol Renal Physiol 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
23

-0
5-

22
 ]

 

                             8 / 10

http://ijpt.iums.ac.ir/
http://ijpt.iums.ac.ir/article-1-363-en.html


The multifaceted therapeutic potential of valproic acid beyond CNS axis  9 
 

 

 
Iranian J Pharmacol Ther. 2019 (April);17:1-10.                               This paper is available online at: http://ijpt.iums.ac.ir 

     

2009;297(3):F729-39. 
60. Yoshikawa M, Hishikawa K, Marumo T, Fujita T. Inhibition of histone 

deacetylase activity suppresses epithelial-to-mesenchymal transition 

induced by TGF-beta1 in human renal epithelial cells. J Am Soc 
Nephrol 2007;18(1):58-65. 

61. Kee HJ, Bae EH, Park S, Lee KE, Suh SH, Kim SW, et al. HDAC 

inhibition suppresses cardiac hypertrophy and fibrosis in DOCA-salt 
hypertensive rats via regulation of HDAC6/HDAC8 enzyme activity. 

Kidney Blood Press Res 2013;37(4-5):229-39. 

62. Nade VS, Dharmadhikari PP, Kawale la. Sodium valproate attenuates 
doxorubicin-induced myocardial fibrosis via collagen synthesis 

regulation by inhibition of histone deacetylase. Drugs 2014;1. 

63. Kee HJ, Sohn IS, Nam KI, Park JE, Qian YR, Yin Z, et al. Inhibition of 
histone deacetylation blocks cardiac hypertrophy induced by angiotensin 

II infusion and aortic banding. Circulation 2006;113(1):51-9. 

64. Tian S, Lei I, Gao W, Liu L, Guo Y, Creech J, et al. HDAC inhibitor 
valproic acid protects heart function through Foxm1 pathway after acute 

myocardial infarction. EBioMedicine 2019;39:83-94. 

65. Patel BM, Raghunathan S, Porwal U. Cardioprotective effects of 
magnesium valproate in type 2 diabetes mellitus. Eur J Pharmacol 

2014;728:128-34. 

66. Rajeshwari T, Raja B, Manivannan J, Silambarasan T. Valproic acid 
attenuates blood pressure, vascular remodeling and modulates ET-1 

expression in L-NAME induced hypertensive rats. Biomedicine & 

Preventive Nutrition. 2014;4(2):195-202. 
67. Cardinale JP, Sriramula S, Pariaut R, Guggilam A, Mariappan N, Elks 

CM, et al. HDAC inhibition attenuates inflammatory, hypertrophic, and 

hypertensive responses in spontaneously hypertensive rats. 
Hypertension. 2010;56(3):437-44. 

68. Lan B, Hayama E, Kawaguchi N, Furutani Y, Nakanishi T. Therapeutic 

efficacy of valproic acid in a combined monocrotaline and chronic 
hypoxia rat model of severe pulmonary hypertension. PloS one. 

2015;10(1):e0117211. 

69. Duenas-Gonzalez A, Candelaria M, Perez-Plascencia C, Perez-
Cardenas E, de la Cruz-Hernandez E, Herrera LA. Valproic acid as 

epigenetic cancer drug: preclinical, clinical and transcriptional effects on 

solid tumors. Cancer Treat Rev. 2008;34(3):206-22. 
70. Cho YK, Eom GH, Kee HJ, Kim HS, Choi WY, Nam KI, et al. Sodium 

valproate, a histone deacetylase inhibitor, but not captopril, prevents 

right ventricular hypertrophy in rats. Circ J. 2010;74(4):760-70. 
71. Donzelli E, Nicolini G, Caldara C, Scuteri A, Miloso M. Effects of 

valproic Acid, berberin and resveratrol on human mesenchymal stem 

cells adipogenic differentiation2011. 
72. Lagace DC, Nachtigal MW. Inhibition of histone deacetylase activity 

by valproic acid blocks adipogenesis. J Biol Chem. 

2004;279(18):18851-60. 
73. Yuyama M, Fujimori K. Suppression of adipogenesis by valproic acid 

through repression of USF1-activated fatty acid synthesis in adipocytes. 

Biochem J. 2014;459(3):489-503. 
74. Kersten S, Wahli W. Peroxisome proliferator activated receptor 

agonists. Exs. 2000;89:141-51. 
75. Luquet S, Gaudel C, Holst D, Lopez-Soriano J, Jehl-Pietri C, 

Fredenrich A, et al. Roles of PPAR delta in lipid absorption and 

metabolism: a new target for the treatment of type 2 diabetes. Biochim 
Biophys Acta. 2005;1740(2):313-7. 

76. Lampen A, Carlberg C, Nau H. Peroxisome proliferator-activated 

receptor delta is a specific sensor for teratogenic valproic acid 
derivatives. European journal of pharmacology. 2001;431(1):25-33. 

77. Li F, Wu R, Cui X, Zha L, Yu L, Shi H, et al. Histone Deacetylase 1 

(HDAC1) Negatively Regulates Thermogenic Program in Brown 
Adipocytes via Coordinated Regulation of Histone H3 Lysine 27 

(H3K27) Deacetylation and Methylation. 2016;291(9):4523-36. 

78. Evason K, Collins JJ, Huang C, Hughes S, Kornfeld K. Valproic acid 
extends Caenorhabditis elegans lifespan. Aging Cell. 2008;7(3):305-17. 

79. Koriyama Y, Sugitani K, Ogai K, Kato S. Heat shock protein 70 

induction by valproic acid delays photoreceptor cell death by N-methyl-
N-nitrosourea in mice. J Neurochem. 2014;130(5):707-19. 

80. Furukawa A, Koriyama Y. A role of Heat Shock Protein 70 in 

Photoreceptor Cell Death: Potential as a Novel Therapeutic Target in 
Retinal Degeneration. CNS Neurosci Ther. 2016;22(1):7-14. 

81. Pierce EA. Pathways to photoreceptor cell death in inherited retinal 

degenerations. Bioessays. 2001;23(7):605-18. 

82. Pathak VA, Ghosh K. Erythropoiesis in Malaria Infections and Factors 
Modifying the Erythropoietic Response. Anemia. 2016;2016:8. 

83. Fujieda A, Katayama N, Ohishi K, Yamamura K, Shibasaki T, 

Sugimoto Y, et al. A putative role for histone deacetylase in the 
differentiation of human erythroid cells. Int J Oncol. 2005;27(3):743-8. 

84. Liu B, Ohishi K, Yamamura K, Suzuki K, Monma F, Ino K, et al. A 

potential activity of valproic acid in the stimulation of interleukin-3-
mediated megakaryopoiesis and erythropoiesis. Exp Hematol. 

2010;38(8):685-95. 

85. De Felice L, Tatarelli C, Mascolo MG, Gregorj C, Agostini F, Fiorini 
R, et al. Histone deacetylase inhibitor valproic acid enhances the 

cytokine-induced expansion of human hematopoietic stem cells. Cancer 

research. 2005;65(4):1505-13. 
86. Pace BS, White GL, Dover GJ, Boosalis MS, Faller DV, Perrine SP. 

Short-chain fatty acid derivatives induce fetal globin expression and 

erythropoiesis in vivo. Blood. 2002;100(13):4640-8. 
87. Witt O, Monkemeyer S, Kanbach K, Pekrun A. Induction of fetal 

hemoglobin synthesis by valproate: modulation of MAP kinase 

pathways. Am J Hematol. 2002;71(1):45-6. 
88. Royce SG, Dang W, Ververis K, De Sampayo N, El-Osta A, Tang ML, 

et al. Protective effects of valproic acid against airway 

hyperresponsiveness and airway remodeling in a mouse model of 
allergic airways disease. Epigenetics 2011;6(12):1463-70. 

89. Saito H, Tsurikisawa N, Tsuburai T, Oshikata C, Akiyama K. Cytokine 

production profile of CD4+ T cells from patients with active Churg-
Strauss syndrome tends toward Th17. Int Arch Allergy Immunol 

2009;149 Suppl 1:61-5. 

90. Saouaf SJ, Li B, Zhang G, Shen Y, Furuuchi N, Hancock WW, et al. 
Deacetylase inhibition increases regulatory T cell function and decreases 

incidence and severity of collagen-induced arthritis. Exp Mol Pathol 

2009;87(2):99-104. 
91. Grabiec AM, Krausz S, de Jager W, Burakowski T, Groot D, Sanders 

ME, et al. Histone deacetylase inhibitors suppress inflammatory 

activation of rheumatoid arthritis patient synovial macrophages and 
tissue. J Immunol 2010;184(5):2718-28. 

92. Glauben R, Batra A, Fedke I, Zeitz M, Lehr HA, Leoni F, et al. Histone 

hyperacetylation is associated with amelioration of experimental colitis 
in mice. J Immunol 2006;176(8):5015-22. 

93. Cetinkaya M, Cansev M, Cekmez F, Tayman C, Canpolat FE, Kafa IM, 

et al. Protective Effects of Valproic Acid, a Histone Deacetylase 
Inhibitor, against Hyperoxic Lung Injury in a Neonatal Rat Model. PloS 

One 2015;10(5):e0126028. 

94. Adcock IM, Tsaprouni L, Bhavsar P, Ito K. Epigenetic regulation of 
airway inflammation. Curr Opin Immunol 2007;19(6):694-700. 

95. Choi JH, Oh SW, Kang MS, Kwon HJ, Oh GT, Kim DY. Trichostatin 

A attenuates airway inflammation in mouse asthma model. Clin Exp 
Allergy 2005;35(1):89-96. 

96. Assem el SK, Peh KH, Wan BY, Middleton BJ, Dines J, Marson CM. 

Effects of a selection of histone deacetylase inhibitors on mast cell 
activation and airway and colonic smooth muscle contraction. Int 

Immunopharmacol 2008;8(13-14):1793-801. 
97. Lomia M, Chapichadze Z, Pruidze M, Platonov P. Efficacy of 

monotherapy with carbamazepine and valproic acid in patients with 

bronchial asthma: is asthma a neurological disease. Int J Neurol 
2005;4(1). 

98. Angele MK, Schneider CP, Chaudry IH. Bench-to-bedside review: 

latest results in hemorrhagic shock. Crit Care 2008;12(4):218. 
99. Hwabejire JO, Lu J, Liu B, Li Y, Halaweish I, Alam HB. Valproic acid 

for the treatment of hemorrhagic shock: a dose-optimization study. J 

Surg Res 2014;186(1):363-70. 
100. Lee CC, Chang IJ, Yen ZS, Hsu CY, Chen SY, Su CP, et al. Effect of 

different resuscitation fluids on cytokine response in a rat model of 

hemorrhagic shock. Shock 2005;24(2):177-81. 
101. Chen H, Koustova E, Shults C, Sailhamer EA, Alam HB. Differential 

effect of resuscitation on Toll-like receptors in a model of hemorrhagic 

shock without a septic challenge. Resuscitation 2007;74(3):526-37. 
102. Lin T, Alam HB, Chen H, Britten-Webb J, Rhee P, Kirkpatrick J, et al. 

Cardiac histones are substrates of histone deacetylase activity in 

hemorrhagic shock and resuscitation. Surgery 2006;139(3):365-76. 
103. Zuckermann AM, La Ragione RM, Baines DL, Williams RS. Valproic 

acid protects against haemorrhagic shock-induced signalling changes via 

PPARgamma activation in an in vitro model. Br J Pharmacol 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
23

-0
5-

22
 ]

 

                             9 / 10

http://ijpt.iums.ac.ir/
http://ijpt.iums.ac.ir/article-1-363-en.html


    10                                            Rabadiya et al. 
 

 

  

 
Iranian J Pharmacol Ther. 2019 (April);17:1-10.                               This paper is available online at: http://ijpt.iums.ac.ir   

2015;172(22):5306-17. 

104. Alam HB. Trauma care: Finding a better way. PLoS Med 
2017;14(7):e1002350-e. 

105. Li Y, Alam HB. Creating a pro-survival and anti-inflammatory 

phenotype by modulation of acetylation in models of hemorrhagic and 
septic shock. Adv Exp Med Biol 2012;710:107-33. 

106. Halaweish I, Nikolian V, Georgoff P, Li Y, Alam HB. Creating a 

"Prosurvival Phenotype" Through Histone Deacetylase Inhibition: Past, 
Present, and Future. Shock 2015;44 Suppl 1:6-16. 

107. Georgoff PE, Nikolian VC, Higgins G, Chtraklin K, Eidy H, Ghandour 

MH, et al. Valproic acid induces prosurvival transcriptomic changes in 
swine subjected to traumatic injury and hemorrhagic shock. J Trauma 

Acute Care Surg 2018;84(4):642-9. 

108. Li Y, Liu B, Sailhamer EA, Yuan Z, Shults C, Velmahos GC, et al. 
Cell protective mechanism of valproic acid in lethal hemorrhagic shock. 

Surgery 2008;144(2):217-24. 

109. Hu S, Hou JY, Wang HB, Yang M, Sheng ZY. The effect of valproic 
acid in alleviating early death in burn shock. Burns 2012;38(1):83-9. 

110. Shang Y, Jiang YX, Ding ZJ, Shen AL, Xu SP, Yuan SY, et al. 

Valproic acid attenuates the multiple-organ dysfunction in a rat model of 
septic shock. Chinese medical journal. 2010;123(19):2682-7. 

111. Schwartz C, Palissot V, Aouali N, Wack S, Brons NH, Leners B, et al. 

Valproic acid induces non-apoptotic cell death mechanisms in multiple 
myeloma cell lines. Int J Oncol. 2007;30(3):573-82. 

112. Heo SK, Noh EK, Yoon DJ, Jo JC, Park JH, Kim H. Dasatinib 

accelerates valproic acid-induced acute myeloid leukemia cell death by 
regulation of differentiation capacity. PloS one. 2014;9(2):e98859. 

113. Blaheta RA, Nau H, Michaelis M, Cinatl J, Jr. Valproate and 

valproate-analogues: potent tools to fight against cancer. Curr Med 
Chem. 2002;9(15):1417-33. 

114. Kaiser M, Zavrski I, Sterz J, Jakob C, Fleissner C, Kloetzel PM, et al. 

The effects of the histone deacetylase inhibitor valproic acid on cell 
cycle, growth suppression and apoptosis in multiple myeloma. 

Haematologica. 2006;91(2):248-51. 

115. Neri P, Tagliaferri P, Di Martino MT, Calimeri T, Amodio N, Bulotta 
A, et al. In vivo anti-myeloma activity and modulation of gene 

expression profile induced by valproic acid, a histone deacetylase 

inhibitor. Br J Haematol. 2008;143(4):520-31. 
116. Yoon JY, Szwajcer D, Ishdorj G, Benjaminson P, Xiao W, Kumar R, 

et al. Synergistic apoptotic response between valproic acid and 

fludarabine in chronic lymphocytic leukaemia (CLL) cells involves the 
lysosomal protease cathepsin B. Blood cancer journal. 2013;3(10):e153-

e. 

117. Tang R, Faussat AM, Majdak P, Perrot JY, Chaoui D, Legrand O, et 
al. Valproic acid inhibits proliferation and induces apoptosis in acute 

myeloid leukemia cells expressing P-gp and MRP1. Leukemia. 

2004;18(7):1246-51. 
118. Liu N, Wang C, Wang L, Gao L, Cheng H, Tang G, et al. Valproic 

acid enhances the antileukemic effect of cytarabine by triggering cell 
apoptosis. Int J Mol Med. 2016;37(6):1686-96. 

119. Sung ES, Kim A, Park JS, Chung J, Kwon MH, Kim YS. Histone 

deacetylase inhibitors synergistically potentiate death receptor 4-
mediated apoptotic cell death of human T-cell acute lymphoblastic 

leukemia cells. Apoptosis. 2010;15(10):1256-69. 

120. Kitazoe K-I, Abe M, Hiasa M, Oda A, Amou H, Harada T, et al. 
Valproic acid exerts anti-tumor as well as anti-angiogenic effects on 

myeloma. International journal of hematology. 2009;89(1):45-57. 

121. Lagneaux L, Gillet N, Stamatopoulos B, Delforge A, Dejeneffe M, 
Massy M, et al. Valproic acid induces apoptosis in chronic lymphocytic 

leukemia cells through activation of the death receptor pathway and 

potentiates TRAIL response. Exp Hematol. 2007;35(10):1527-37. 
122. Soriano AO, Yang H, Faderl S, Estrov Z, Giles F, Ravandi F, et al. 

Safety and clinical activity of the combination of 5-azacytidine, valproic 

acid, and all-trans retinoic acid in acute myeloid leukemia and 
myelodysplastic syndrome. Blood. 2007;110(7):2302-8. 

123. Voso MT, Santini V, Finelli C, Musto P, Pogliani E, Angelucci E, et 

al. Valproic acid at therapeutic plasma levels may increase 5-azacytidine 
efficacy in higher risk myelodysplastic syndromes. Clinical cancer 

research : an official journal of the American Association for Cancer 

Research. 2009;15(15):5002-7. 
124. Chateauvieux S, #233, bastien, Morceau F, Dicato M, Diederich M. 

Molecular and Therapeutic Potential and Toxicity of Valproic Acid. 

Journal of Biomedicine and Biotechnology. 2010;2010. 
125. Greenblatt DY, Cayo MA, Adler JT, Ning L, Haymart MR, 

Kunnimalaiyaan M, et al. Valproic acid activates Notch1 signaling and 

induces apoptosis in medullary thyroid cancer cells. Annals of surgery. 
2008;247(6):1036-40. 

126. Arce C, Perez-Plasencia C, Gonzalez-Fierro A, de la Cruz-Hernandez 

E, Revilla-Vazquez A, Chavez-Blanco A, et al. A proof-of-principle 
study of epigenetic therapy added to neoadjuvant doxorubicin 

cyclophosphamide for locally advanced breast cancer. PloS one. 

2006;1:e98. 
127. Munster P, Marchion D, Bicaku E, Lacevic M, Kim J, Centeno B, et 

al. Clinical and biological effects of valproic acid as a histone 

deacetylase inhibitor on tumor and surrogate tissues: phase I/II trial of 
valproic acid and epirubicin/FEC. Clinical cancer research : an official 

journal of the American Association for Cancer Research. 

2009;15(7):2488-96. 
128. Sharma S, Symanowski J, Wong B, Dino P, Manno P, Vogelzang N. 

A Phase II Clinical Trial of Oral Valproic Acid in Patients with 

Castration-Resistant Prostate Cancers Using an Intensive Biomarker 
Sampling Strategy. Translational oncology. 2008;1(3):141-7. 

129. Iwahashi S, Utsunomiya T, Imura S, Morine Y, Ikemoto T, Arakawa 

Y, et al. Effects of valproic acid in combination with S-1 on advanced 
pancreatobiliary tract cancers: clinical study phases I/II. Anticancer Res 

2014;34(9):5187-91. 

130. Valiyaveettil D, Malik M, Joseph D, Ahmed S, Kothwal S, 
Vijayasaradhi M. Effect of valproic acid on survival in glioblastoma: A 

prospective single-arm study. South Asian J Cancer 2018;7(3):159-62. 

131. Munster P, Marchion D, Bicaku E, Schmitt M, Lee JH, DeConti R, et 
al. Phase I trial of histone deacetylase inhibition by valproic acid 

followed by the topoisomerase II inhibitor epirubicin in advanced solid 

tumors: a clinical and translational study. J Clin Oncol 
2007;25(15):1979-85. 

132. Scherpereel A, Berghmans T, Lafitte JJ, Colinet B, Richez M, 

Bonduelle Y, et al. Valproate–doxorubicin: promising therapy for 
progressing mesothelioma. A phase II study. Eur Respir J 

2011;37(1):129-35. 
133. Coronel J, Cetina L, Pacheco I, Trejo-Becerril C, Gonzalez-Fierro A, 

de la Cruz-Hernandez E, et al. A double-blind, placebo-controlled, 

randomized phase III trial of chemotherapy plus epigenetic therapy with 
hydralazine valproate for advanced cervical cancer. Preliminary results. 

Med Oncol (Northwood, London, England) 2011;28 Suppl 1:S540-6. 

134. Juengel E, Dauselt A, Makarević J, Wiesner C, Tsaur I, Bartsch G, et 
al. Acetylation of histone H3 prevents resistance development caused by 

chronic mTOR inhibition in renal cell carcinoma cells. Cancer Lett 

2012;324(1):83-90. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
23

-0
5-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijpt.iums.ac.ir/
http://ijpt.iums.ac.ir/article-1-363-en.html
http://www.tcpdf.org

