
Sodium valproate (VPA) is an antiepileptic drug, but it is also used 
to treat mood and behavioral disorders in patients with mental disorders. 
Hyperammonemia is a well known side effect of VPA, but little is 
known about the fact that it can cause hypoglycemia. In 2015, we 
reported in this journal a case of severe hypoglycemia in a patient with 
Lewy body dementia who had been treated with VPA for behavioral 
psychological symptoms1). Since then, this paper has been widely read 
and garnered attention on medical social media. Therefore, we review 
the mechanism of VPA-induced hypoglycemia and discuss its effects on 
cellular organelles. 

The following is a brief description of the case we reported. An 
elderly female patient with Lewy body dementia developed disturbance 
of consciousness because of severe hypoglycemia. She had been treated 
with VPA for behavioral psychological symptoms. She was immediately 
given glucose, resulted in her regaining consciousness. She had repeated 
hypoglycemic attacks on an early morning. Her ammonia level was 
slightly elevated, and insulin level waw below the limit of measurement 
suggesting that insulin secretion was suppressed by hypoglycemia. 
Based on the elevated ammonia and hypoglycemia, VPA-induced carni-
tine deficiency was inferred, so VPA was discontinued and L-carnitine 
was supplemented. After a while, her hypoglycemic attacks were no 
longer observed. 

The mechanism by which VPA causes hypoglycemia is mitochon-
drial dysfunction due to a decrease in free carnitine. VPA is metabolized 
by the glucuronic acid conjugate, but since it is a medium chain fatty 
acid, part of it is metabolized in the mitochondria by beta-oxidation of 
fatty acids. Therefore, VPA produces different types of acylcarnitines 
during metabolism, causing carnitine deficiency. The current possible 
mechanisms by which VPA induces carnitine deficiency are summarized 
in Table 1. Hypoglycemia is a serious complication of carnitine defi-
ciency. In relation to food intake, metabolism undergoes a cycle of 
anabolism and catabolism. When we eat, metabolism tends to be ana-
bolic because glucose is stored as glycogen. Conversely, when fasting, 
metabolism tends toward catabolism through glycogenesis. The 
rate-limiting step in catabolism is carnitine palmitoyltransferase, which 
is present in mitochondria. When carnitine deficiency occurs, this reac-
tion does not occur quickly enough, resulting in hypoglycemia. 
Recently, it has become possible to measure serum carnitine levels in 
clinical settings. However, it is important to note that total carnitine lev-
els do not directly indicate mitochondrial dysfunction due to carnitine 
deficiency. The acyl/free carnitine ratio is associated with hypoglycemia 
and hyperammonemia2). Therefore, this ratio is more important than 
total carnitine level and could be an indicator of mitochondrial function. 

One of the most important roles of mitochondria in the cell is the 

production of energy such as adenosine triphosphate. In addition, mito-
chondria have been shown to play essential roles in the regulation of 
cellular calcium ion concentration, lipid oxidation, and, more recently, 
in immune responses. In this way, mitochondria play a major role in cel-
lular activity. Furthermore, mitochondria are in close communication 
with other cellular organelles, among which the endoplasmic reticulum 
is responsible for protein quality control and is also involved in glucose 
metabolism via insulin secretion3). Recent studies have revealed the 
importance of the connections between organelles in maintaining cellu-
lar homeostasis4). Each organelle reacts in a coordinated manner to 
maintain cellular functions. Carnitine deficiency and mitochondrial dys-
function have been found to be linked to endoplasmic reticulum stress5). 
Unfolded protein response is seen in the endoplasmic reticulum, Golgi 
apparatus, and mitochondria. Since VPA inhibits mitochondrial func-
tion, it is speculated that it affects the endoplasmic reticulum, which is 
functionally linked to mitochondria. On the contrary, there are reports 
that VPA ameliorates high glucose-induced endoplasmic reticulum 
stress6). 

In conclusion, we have reported VPA-induced hypoglycemia, but 
since VPA may have complex effects on cell organelles, future molecular 
biological studies on the effects of VPA on cell organelles are needed.
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Table 1: Possible mechanisms of VPA-induced carnitine deficiency
① VPA binds to carnitine and is consequently excreted in the urine as valproylcarnitine.

② VPA decreases carnitine biosynthesis by inhibiting carnitine biosynthetic enzymes (butyrobetaine hydroxylase).

③ VPA decreases the reabsorption of free carnitine and acylcarnitine in the renal tubules.

④ Accumulation of valproyl-CoA and valproylcarnitine decreases free CoA and competitively inhibits carnitine uptake by transporters.

⑤ Metabolites of VPA lead to a decrease in free CoA in mitochondria that impairs fatty acid beta-oxidation and ATP production, and thus, ATP-dependent carnitine 
transporter is impaired.


