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Tributyrin May Have Practical Potential for Improving Cognition in Early 

Alzheimer’s Disease Via Inhibition of HDAC2 

Mark F. McCarty, Catalytic Longevity 

 

Histone Deacetylase 2 Mediates Neuronal Dysfunction in Alzheimer’s Disease 

There is striking new evidence that dysregulation of histone acetylation is a key mediator of the failure of 

long term potentiation induced by amyloid beta, and that inhibitors of histone deacetylase 2 (HDAC2) 

may have potential for ameliorating cognitive function in patients with Alzheimer’s disease.  

Some years ago, Levenson and colleagues reported that acetylation of histone 3 in area CA1 of the 

hippocampus increases following stimulation of NMDA receptors in that area; inhibition of ERK blocked 

this effect, whereas alternative strategies which activated ERK mimicked it.
1
  A reasonable interpretation 

of this finding is that appropriate histone acetylation promoted the new protein synthesis required for long 

term memory formation.  Consistent with this view, preadministration of two histone deacetylase 

inhibitors, trichostatin A or sodium butyrate, enhanced late-phase long term potentiation in Shaffer 

collateral synapses of area C1; this effect was blocked by coadministration of a transcription inhibitor.  

Moreover, when rats were injected with sodium butyrate one hour before a session of one-shock 

contextual fear conditioning, significantly more freezing behavior (indicative of their remembering the 

prior shock) was observed in the rats when they were placed in the shock chamber again 24 hours later.  

More recently, other researchers have found that preadministration of these two histone deacetylase 

inhibitors aided learning and memory of young mice in two other learning paradigms, eyeblink classical 

conditioning and object recognition memory.
2
  A similar effect was observed in SAMP-8-mutant mice, a 

model of premature senility associated with increased amyloid beta levels.   

Now Graff and colleagues, working with CK-p25 mice, a model of neurodegeneration with many features 

similar to Alzheimer’s disease, have demonstrated that neuronal expression of HDAC2 is increased in 

these mice, and that this is largely responsible for the cognitive dysfunction in these animals.
3
  mRNA 

expression of many genes required for neuronal plasticity was diminished in the hippocampus of these 

mice; the promoters of these genes showed increased binding of HDAC2 (relative to control mice), and 

showed a lower degree of acetylation.  When HDAC2 expression was selectively knocked down by 

intracerebral administration of a short-hairpin RNA targeting HDAC2, expression of neuroplasticity 

genes was normalized, as was long term potentiation in area CA1 and performance in contextual fear 

conditioning and water maze tests, which assess hippocampus-dependent learning.   

These researchers then demonstrated that exposure of primary hippocampal neurons to either amyloid 

beta oligomers or to hydrogen peroxide elicited increased expression of HDAC2.  This was at least 

partially attributable to stimulation of the transactivational activity of glucocorticoid receptor  1– which 

binds to the HDAC2 promoter – via phosphorylation on S211.  Increased phosphorylation of this receptor 

was also noted in the hippocampus of CK-p25 mice.  Importantly, increased expression of HDAC2 was 

also seen in another mouse model of Alzheimer’s disease, 5XFAD (which carry 5 different mutations 

linked to increased Alzheimer’s risk in humans), and in hippocampal CA1 area of post-mortem brain 

samples from patients who had died with Alzheimer’s.  Hence, there is strong reason to suspect that 
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sustained hippocampal overexpression of HDAC2 is an important mediator of the loss of cognitive 

function typical of clinical Alzheimer’s.  The authors therefore suggest that selective inhibitors of 

HDAC2 may be of particular merit for managing this disorder.  

Focus on HDAC2 was motivated by the previous work of Guan and colleagues, who reported that 

neuron-specific overexpression of HDAC2 (but not HDAC1) selectively blocks transcription of a number 

of proteins required for synaptic plasticity; HDAC2 was found to associate with the promoters of their 

genes.
4
 Memory formation is also impaired in these animals. Conversely, HDAC2-deficient mice have 

superior memory – and histone acetylase inhibitors fail to boost memory as they do in wild-type animals.  

Hence, this work clearly establishes that the memory-boosting impact of HDAC inhibitors reflects 

inhibition of HDAC2 specifically.  

Why neuronal HDAC2 expression is amplified in AD remains to be clarified.  As noted above, S211 

phosphorylation of the glucocorticoid receptor may mediate HDAC2 induction in CK-p25 mice.
3
  This 

phosphorylation can be mediated by CDK5, which is chronically activated in CK-p25 mice, and which is 

also activated in neurons by amyloid beta oligomers.
5, 6

  Hence, it is reasonable to suspect that CDK5 

overactivation is responsible, at least in part, for neuronal overexpression of  HDAC2 in AD.    

Class I HDAC Inhibitors May Aid Cognitive Function in Alzheimer’s Disease  

These findings help to rationalize previous reports that inhibitors of class I HDACs – HDAC1, HDAC2, 

HDAC3, and HDAC8 – have favorable effects on cognition in various mouse models of Alzheimer’s.  

Sodium butyrate – available as a nutraceutical – and 4-phenylbutyrate, an orphan drug approved for 

treatment of certain genetic disorders of the urea cycle, can inhibit HDACs with K is in the low 

micromolar range; valproic acid has a similar spectrum of activity, although slightly higher concentrations 

are required, and the cancer drug vorinostat inhibits HDACs 1,2, and 3 in the low nanomolar range.
7
  In 

16-month-old Tg2576 mice, which show marked cognitive impairment and amyloid beta accumulation, 5 

weeks of phenylbutyrate administration (200 mg/kg, i.p.) normalized their performance in the Morris 

water maze, without however reducing brain amyloid load; normalized hippocampal expression of certain 

brain neuroplasticity markers (GluR1, PSD95, MAP2), and decreased tau phosphorylation, was also 

observed.
8
  A subsequent study showed that commencing phenylbutyrate administration at age 6 months 

in these mice not only prevented cognitive dysfunction, but also sustained dendritic spine densities, 

reduced amyloid beta accumulation, and blunted astroglial activation.
8
  Another group administered 

phenylbutyrate orally (1 g/kg daily in drinking water) for 14 months in APPswePS1delta9 mice, and 

found that this  normalized their performance in a contextual learning test and decreased amyloid plaque 

volume, even though amyloid beta production was not influenced.
9
   Another study with these mice found 

that daily injections of sodium valproate, sodium butyrate, or vorinostat for several weeks normalized 

their learning performance in contextual fear conditioning, and increased their ability to consolidate their 

learning over 2 weeks.
7
  Similarly, daily administration of sodium butyrate (1.2 g/kg i.p.) in APPPS1-21 

mice for 6 weeks markedly improved their learning performance in a fear conditioning paradigm, 

elevated acetylation of certain histone sites in the hippocampus but not cortex, and increased hippocampal 

expression of various neuronal plasticity markers.
10

  The same regimen of i.p. sodium butyrate was found 

to aid learning as well as recovery of long-term memories in the CK-p25 mouse model subsequently 

studied by Graff et al.
11
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All of these findings are clearly consistent with the proposal that HDAC2 inhibition may improve 

cognitive performance in Alzheimer’s – at least if the various rodent models of this disorder are highly 

pertinent to human disease.  But which HDAC inhibitors have the greatest practical potential in this 

respect?  Phenylbutyrate has the considerable advantage that it is already in clinical use. Phase 2 studies 

in Huntington’s disease and ALS conclude that daily oral intakes of 9-15 g are well tolerated, and intakes 

as low as 9 g daily significantly enhance histone acetylation of blood cells.
12, 13

  Moreover, phenylbutyrate 

has the advantage that it can also act as a chaperone for protein folding, thereby lessening endoplasmic 

reticulum (ER) stress.   Induction of ER stress is one mechanism whereby amyloid beta disrupts neuronal 

function, contributing to tau phosphorylation, and the ER stress inhibitory drug tauroursodeoxycholate 

has been shown to ameliorate cognitive deficits and suppress amyloid beta production in APP/PS1 mice.
14

  

However, phenylbutyrate has the disadvantage that, as an orphan drug, it is extremely expensive; hence, 

its off-label use would not be feasible for most patients.  Vorinostat evidently suffers from the same 

limitation, and valproate often produces an unacceptable level of drowsiness in therapeutic doses. 

Butyrate and Tributyrin – A Nutraceutical Alternative  

Sodium butyrate, on the other hand, is a relatively affordable nutraceutical, and is now even added to 

some animal feeds as an aid to intestinal health.  Although it is not known to influence ER stress, it has 

the ancillary advantage of activating AMPK, as demonstrated in a recent study in which it was 

administered as 5% of diet in mice.
15

  In this study, inclusion of sodium butyrate in a high-fat diet 

substantially prevented the body fat accumulation and insulin resistance syndrome typically induced by 

such a diet.  The sodium butyrate-fed mice displayed much greater brown fat thermogenesis, and 

increased mitochondrial biogenesis in skeletal muscle.  It is tempting to speculate that the preservation of 

brown fat thermogenesis in sodium-butyrate-fed mice may have reflected a dampening of the 

hypothalamic inflammation which high-fat diets evoke in mice;
16, 17

 this inflammation may be driven by 

microglial activation, and there is some evidence that HDAC inhibitors such as sodium butyrate have the 

potential to blunt microglial activation.
18-21

  A blunting of microglial cytokine production might in itself 

have a favorable impact on progression of Alzheimer’s.
22

  The activation of AMPK seen with sodium 

butyrate may reflect the generation of AMP entailed by conversion of butyrate to butyryl-coA.   

Although most studies evaluating sodium butyrate’s impact on cognition have administered it 

parenterally, the impact of oral sodium butyrate, in drinking water, has been studied in a transgenic mouse 

model of spinal and bulbar muscular atrophy.
23

   At 4 g per liter, sodium butyrate had a markedly 

favorable impact on physical performance, survival, and maintenance of body weight; likely, this 

reflected an important impact on histone acetylation.  Surprisingly, this agent had an adverse effect in 

these mice if the dose was further increased to 16 g/l.  In the 4 g per liter group, the mice were ingesting 

approximately 16 mg of sodium butyrate daily; adjusted for relative body size by using the three-quarter 

power of relative weights, the corresponding human dose would be about 7-8 grams daily.  Parenteral 

doses of sodium butyrate showing beneficial cognitive effects in various mouse models have ranged from 

250-1,200 mg/kg daily, which in humans might correspond to 3-10 g daily.  The fact that rather high 

doses of sodium butyrate would be required for modulation of histone acetylation reflects the fact that 

butyrate is avidly oxidized as a fuel substrate, and hence has quite a short half-life of about 6 minutes.   

Fortunately, butyrate can also be administered in esterified form.  The triglyceride tributyrin (glyceryl 

tributyrate) is an approved food additive that presumably could be administered as an emulsion; 



4 
 

effectively, it serves as delayed release source of butyrate, and hence achieves more sustained plasma 

levels.
24-27

 Its pharmacokinetics have already received a fair amount of study, as oncologists were hopeful 

that it could achieve the cancer-retardant benefits in vivo seen with butyrate in vitro; about 20% of cancer 

patients achieved long-term disease stabilization when receiving 200 mg/kg 3 times daily in a pilot trial.
24

  

Not surprisingly, tributyrin has also recently been reported to suppress the induction of obesity and 

insulin resistance in mice fed a high-fat diet.
21

 In light of these considerations, it would be intriguing to 

study the impact of tributyrin, administered orally in doses comparable to those employed in cancer trials,  

on the cognitive function of patients with early Alzheimer’s disease.   From the standpoint of practicality, 

however, it would be necessary to incorporate tributyrin into a functional food, as it would not be feasible 

to require the ingestion of many dozens of capsules daily. 

Acetyl-L-Carnitine May Have Complementary Activity 

There is emerging evidence that carnitine can function in neurons and other tissues to promote histone 

acetylation by shuttling acetyl groups from mitochondria to the nucleus; direct administration of acetyl-L-

carnitine (ALC) should accomplish this effect more directly.
28-32

 Hence, ALC has the potential to oppose 

the detrimental impact of HDAC2 on long-term potentiation, complementing the utility of HDAC 

inhibitors such as tributyrin in this regard.  Plausibly, this mechanism could contribute to the favorable 

impact of ALC supplementation in mild cognitive dysfunction and early Alzheimer’s, which has been 

confirmed by meta-analysis.
33

  Carnitine’s shuttle mechanism for acetyl groups may also boost the 

efficiency of acetylcholine synthesis.
34, 35
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