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Abstract  Dichloroacetate (DCA) is a promising anticancer drug that exerts potent anticancer effects in many 
clinical oncology studies. On biochemical and pharmacological bases, this article aims at gaining a better 
understanding of DCA anticancer effects. Ketone bodies oxidation (ketolysis) is an important source of energy to 
many cancer cells. Here, it is proved that DCA antagonizes acetoacetate and targets cancer cells' energetics through 
inhibiting ketolysis as novel evidence-based anticancer mechanisms. DCA was reported to inhibit oxidation of both 
ketone bodies (acetoacetate and β-hydroxybutyrate) in addition to palmitate. Acetoacetate diverted pyruvate 
metabolism from pyruvate dehydrogenase (PDH) to pyruvate carboxylation while DCA increased the oxidation of 
glucose through PDH. This suggests an antagonism between DCA and ketone bodies. Moreover, DCA was reported 
to inhibit β-hydroxybutyrate uptake by the extra-splanchnic tissues and decrease the clearance of ketone bodies. That 
may be explained by structural antagonism between DCA and ketone bodies leading to a competitive uptake at 
target tissues i.e. DCA may competitively antagonize ketone bodies. In a previous study, DCA infusion in starved 
rats caused a significant decrease in blood glucose, plasma insulin, blood lactate and pyruvate concentrations but 
significantly increased concentrations of ketone bodies (β-hydroxybutyrate and acetoacetate) (Blackshear et al., 
1974). Based on that, DCA inhibits ketone bodies utilization for energy production. In conclusion, DCA enhances 
anticancer immunity, targets anaerobic cancer cell populations (via targeting Warburg effect) and targets aerobic 
cancer cell populations through targeting mitochondrial energy generating pathways e.g. ketolysis. 
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1. Introduction 

DCA is a promising anticancer drug that antagonizes 
Warburg effect and exerts potent anticancer effects with 
promising results in clinical oncology. [1] DCA effectively 
cured a chemoresistant non-Hodgkin's lymphoma patient 
after disease progression with rituximab-CHOP chemotherapy. 
[2] Current pharmacological confirmed DCA well-known 
mechanism of action through inhibiting pyruvate 
dehydrogenase kinase (PDK). PDK inhibition causes 
stimulation of pyruvate dehydrogenase enzyme with 
subsequent increased conversion of glycolysis end products 
(pyruvate or lactate) into acetyl CoA with subsequent 
entry into Krebs cycle. [3] This frankly antagonizes cancer 
phenotype (Warburg effect) and deprives cancer cells of 
many lactate-based benefits e.g. cancer invasion, metastasis, 
angiogenesis, chemoresistance and radioresistance. [4]  
Ketone bodies are three compounds: acetone, acetoacetate 

and β-hydroxybutyrate. Ketone bodies are alternative 
energy substrates when glucose is not available (hypoglycemia 
of fasting or starvation) or when it is difficult to  
utilize glucose (diabetic ketoacidosis). Ketolysis is an 
energy-generating pathway that occurs outside the liver 
cells (extrahepatic). It occurs in peripheral tissues. [5]  
In this article, I prove my novel perspective that  
DCA antagonizes ketone bodies (acetoacetate and  
β-hydroxybutyrate) both structurally (Figure 1) and 
functionally to target cancer cells energetics through 
inhibiting ketolysis as a novel evidence-based mechanism 
of its anticancer effects. 

2. Ketolysis in Cancer Cells 

Ketone bodies oxidation (ketolysis) is an important 
source of energy to many cancer cells. Key enzyme  
of ketolysis has different names e.g. 3-oxoacid  
CoA-transferase-1 (OXCT1), acetoacetyl CoA transferase, 
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succinyl-CoA 3-ketoacid CoA transferase (SCOT). SCOT 
(OXCT1) is the key enzyme in ketone body's metabolism 
that catalyzes the rate-determining step of ketolysis 
causing the formation of acetyl-CoA that finally starts the 
tricarboxylic acid cycle (Krebs cycle) for ATP production. 
OXCT1 participates in tumorigenesis and signaling  
in cancer cells where OXCT1 expression increases in 
different categories of cancer cells. [6] Normal hepatocytes 
(the site of ketone body synthesis) have no detectable 
OXCT1 protein due to the reported liver-specific silencing 
of the human gene encoding succinyl-CoA: OXCT1. [7] 
Ketone bodies, though produced in the liver, are not 
consumed in normal adult liver cells but are consumed as 
a source of energy in malignant liver cells.  

Hepatocellular carcinoma was reported to redirect its 
energy pathways to ketolysis for progression under 
nutrition deprivation stress. That is a vital property in 
many cancer cells that distinguishes them from normal 
cells. OXCT1 expression is suppressed in normal adult 
liver tissues but is re-induced in hepatocellular carcinoma 
cells. Enhanced ketolysis in HCC protects hepatocellular 
carcinoma cells from excessive autophagy i.e. enhancing 
tumor growth. Analysis of clinical hepatocellular carcinoma 
samples reveals that increased OXCT1 expression  
predicts higher patient mortality. [8] Interestingly, twenty 
hepatocellular lesions displayed increased levels of 
OXCT1 (mRNA) and OXCT1 (protein). Interestingly, an 
aberrant ketolysis pathway was recently reported for 
continuous energy supply in cancer cells [9]. 

3. DCA Antagonizes Ketone Bodies 
Oxidation 
Main energy generating reactions in human cells are 

oxidative phosphorylation (cell respiration), Krebs cycle, 

fatty acid oxidation (preceded by lipolysis), ketone bodies 
oxidation (ketolysis) and glycolysis (both aerobic and 
anaerobic). [5] The former four reactions are 
mitochondrial while the latter (glycolysis) is cytoplasmic. 
Glycolysis (both aerobic and anaerobic) is a vital energy 
source for aggressive, chemoresistant and radioresistant 
tumors where cancer cells mitochondria suffered from 
impaired functions that force cancer cells to be 
hyperglycolytic. [10] I report here a novel perspective that 
DCA targets both aerobic and anaerobic cancer cells. 
DCA targets anaerobic cancer cells through allowing 
lactate produced from tumors (Warburg effect) to be 
utilized in starting Krebs cycle (through PDK inhibition). 
DCA targets aerobic cancer cells by targeting some 
mitochondrial energy generating pathways e.g. ketolysis 
as I will prove here. DCA is a structural analog of 
acetoacetate and β-hydroxybutyrate (ketone bodies) 
(Figure 1). This gives the author the impression that DCA 
may exert its anticancer effects as a structural antagonist 
(antimetabolite) of ketone bodies (energy substrates) 
utilization and that DCA may act through targeting this 
energy generating pathway. Accumulating evidences 
support that DCA does not prevent formation of ketone 
bodies (ketogenesis) but DCA did prevent utilization of 
ketone bodies (ketolysis) [11] as a source of energy. 

4. DCA inhibits oxidation of acetoacetate 
and 3-hydroxybutyrate (β-
hydroxybutyrate) 

Supporting the author's perspective that DCA antagonizes 
acetoacetate and ketone bodies was the early study by 
McAllister et al. who reported that DCA inhibits oxidation 
of acetoacetate, β-hydroxybutyrate and palmitate [11]. 

 
Figure 1. Dichloroacetate is a structural analog (and a possible competitor) of ketone bodies (acetoacetate and β–hydroxybutyrate) 
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Figure 2. Sources and fate of active acetate (acetyl CoA). Acetyl CoA is produced during metabolism of proteins, lipids and carbohydrates. Acetyl CoA 
is also produced from acetic acid. Acetyl CoA is also produced during ketone bodies oxidation. Acetyl CoA starts Krebs cycle, helps in cholesterol 
synthesis and lipogenesis. All these are vital for cancer cells bioenergetics and synthesis of macromolecules 

 
Figure 3. β–hydroxybutyrate (ketone body) is oxidized into acetoacetate (another ketone body) that is later converted into acetyl CoA. Dichloroacetate 
is a structural analog and a proved inhibitor of oxidation of both ketone bodies. This supports my view that dichloroacetate is an inhibitor of ketone 
bodies oxidation (ketolysis) 
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Sources of the major energy substrate acetyl CoA 
include metabolism of the chief nutrients (carbohydrates, 
lipids and proteins). Oxidation of ketogenic amino acids 
and fatty acids gives acetyl CoA directly while glucogenic 
amino acids and glycerol utilize glycolysis pathway to 
form pyruvate as a source of acetyl CoA. Acetate itself is 
an energy substrate that can be converted into active 
acetate (acetyl CoA) that begins many energy generating 
pathways (Figure 2) [5]. 

5. Evidences that DCA Inhibits Ketolysis 

DCA inhibits ketone bodies oxidation that gives a lot  
of energy (Figure 3). DCA was reported to inhibit  
β-hydroxybutyrate uptake by the extra-splanchnic tissues 
[12] and decrease clearance of ketone bodies. [12] Based 
on that, DCA may competitively antagonize ketone bodies. 
DCA infusion (300mg/kg/h) in 24h-starved rats for 4h was 
reported to cause many biochemical changes: Significantly 
decreased blood glucose, significantly decreased plasma 
insulin, significantly decreased blood lactate and pyruvate 
concentrations but significantly increased concentrations 
of 3-hydroxybutyrate and acetoacetate. [12] This confirms 
the perspective that DCA inhibits ketone bodies utilization 
for energy production. For the author, this might be 
explained by structural antagonism between DCA and 
ketone bodies (acetoacetate and β-hydroxybutyrate). DCA 
was reported to inhibit β-hydroxybutyrate uptake by  
the extra-splanchnic tissues. That may be explained by 
structural antagonism leading to competitive uptake at 
target tissues. Importantly, DCA inhibited ketone bodies 
production in severe ketoacidosis and caused a marked 
decrease in blood ketone bodies concentrations in diabetic 
ketoacidosis rats [12,13]. 

Interestingly, DCA reduced blood glucose (caused 
hypoglycemia) through inhibiting hepatic glucose synthesis 
(gluconeogenesis) and stimulating glucose utilization by 
peripheral tissues. [14,15] This may force cancer cells to 
utilize alternative energy pathways e.g. ketolysis that is 
also inhibited by DCA. That collectively enhances  
DCA-induced energy failure in cancer cells and subsequent 
cancer cell death. 

Moreover, DCA was reported to reduce ketonemia  
and ketonuria. DCA improves the lipid profile (inhibits 
hepatic triglyceride formation, inhibits cholesterol 
biosynthesis and decreases serum VLDL). DCA increased 
peripheral oxidation of alanine and lactate (depletes the 
Cori cycle that synthesizes glucose from lactate) causing 
depletion of the Warburg effect. [14,15] 

6. Conclusion 

Dichloroacetate is a promising anticancer drug that kills 
cancer cells through many different mechanisms among 
which is inhibition of ketone bodies oxidation. 
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