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Abstract: The present study demonstrates the effect of (R)-3-oxobutyl 3-hydroxybutanoate (OBHB) on hyperketone-
mia in 2 patients with Alzheimer’s disease dementia who were performed a mini-mental state examination score of 
above 11 and 10. The patients were treated with OBHB for 24 months and received usual diet. The patients were 
administered 15 g of OBHB three times per day for two days. The dosage of OBHB was increased to 30 g three times 
daily from the day 4. OBHB was always taken after adding with soda-flavoured syrups in order to mask the bitter 
taste. The measurement of plasma β-hydroxybutyrate (βHB) levels after every week was performed to determine 
OBHB plasma βHB dose-response relationships. Precision Xtra Glucose and Ketone Monitoring System (Abbott 
Diabetes Care, Inc., Alameda, CA, USA) was used to measure βHB levels in the blood samples. We did not observe 
any adverse effects of OBHB in any of the patients and it was well tolerated throughout the 24 months treatment 
period. Both of the patients showed marked improvement in mood, behaviour, self-care, cognitive and daily activ-
ity performance. The results revealed a marked improvement in conversation and interaction after administration 
of OBHB doses. The biochemical investigation of the blood samples before, during OBHB treatment and after 24 
months of the treatment revealed only minor changes in the plasma lipids. There was a decrease in cholesterol 
level from 251 to 158 and 247 to 152 mg/dL in the two patients respectively after 24 months of the treatment. 
Similarly the level of high-density lipoprotein cholesterol was found to decrease from 157 to 79 and 149 to 76 mg/
dL, respectively in two patients. Thus OBHB can be a promising agent in the treatment of hyperketonemia and can 
be taken as an oral supplement without changing the habitual diet. 
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Introduction

Alzheimer’s disease (AD) in the initial stage is 
characterised by the failure of brain to utilize 
glucose which leads to the progression of the 
disease [1, 2]. The use of fluorodeoxyglucose 
positron emission tomography has clearly 
shown a decrease in cerebral metabolic rate of 
glucose (CMRglu) in patients with preclinical AD 
[3]. It is reported that clinical symptoms of AD 
follow CMRglu decreases which may be due to 
the brain insulin resistance [3, 4]. Since 
KB-derived acetyl CoA enters Krebs cycle path-
way distal to the rate-limiting mitochondrial 
enzyme, pyruvate dehydrogenase (PDH), thus 
bypassing blocks in glucose utilization caused 
by the inhibiting effect of insulin resistance on 
PDH activity [5, 6]. Thus during glucose utiliza-
tion impairment the alternate source of energy 

in brain are ketone bodies (KBs) [7, 8]. Therefore 
supplying brain with sufficient KB can help the 
AD brain to overcome the energy crisis. For KB 
to be utilized as energy source in glucose-
deprived parts of the AD brain the concentra-
tion of KB needs to be increased above 0.2 mM 
which is present in the individuals with normal 
metabolism [8, 9]. 

During hyperketonemia, the rate-limiting step 
for KB utilization is their transport into brain, 
with the utilization rate increasing nearly pro-
portionally with plasma KB concentration [10]. 
It is reported that medium-chain triglyceride 
(MCTG) administration at a dose 20 g per day 
for 1 week, then 30 g for 3 weeks could contrib-
ute up to 9% of brain’s energy metabolism [7]. 
The methods have been established to induce 
therapeutic hyperketonemia through ketogenic 
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diet (KD) [11] and/or repetitive ingestion of 
MCTG [12]. Use of very low-carbohydrate diet 
(5%-10% of calories) for 8 weeks was shown to 
improve verbal memory performance in 
patients with mild cognitive impairment (MCI) 
[13]. In patients with MCI and AD 20 g of MCTG 
per day along with usual diet increased 
β-hydroxybutyrate (βHB) concentration from 
~0.09 mM to 0.3-0.4 mM after 2 hours. The 
present study demonstrates the effect ofa 
potent ketogenic agent, OBHB (Figure 1) on 
hyperketonemiain two patients with younger 
onset sporadic AD [14]. Ketone monoester 
(KME), the reduced derivative of OBHB has 
undergone extensive animal [15] and human 
toxicity tests [14] and was declared to be safe 
by Food and Drug Administration. It is reported 
that KME improves cognitive performance and 
reduces amyloid-b and tau deposition in cogni-
tion-relevant areas in a mouse AD model [16]. 
Taking into account the biological importance 
of KME, we devised a study to investigate the 
effect of OBHB (Figure 1), analogue of KME on 
hyperketonemia in two patients with younger 
onset sporadic AD [14].

Materials and methods

Drugs

(R)-3-oxobutyl 3-hydroxybu-
tanoate and medium-chain 
triglyceride (MCTG) were 
obtained from Sigma-
Aldrich (St. Louis, MO, USA). 

Patient

Two male patients, 67 and 
58years old with younger 
onset, sporadic AD, were 
selected for the study. The 
patients were displaying 
characteristic features of 
AD dementia. Both the 
patients showed marked 
memory loss, poor concen-
tration and organization, 
misplacing important items 
and inability to carry out 
activities of daily living. The 
mini-mental state examina-
tion (MMSE) score for both 
the patients declined from 
24 to 11 and 25 to 10, 

Figure 1. Structure of (R)-3-oxobutyl 3-hydroxybutanoate (OBHB).

Figure 2. Effect of OBHB treatment on β-Hydroxybutyrate (βHB) concentrations 
in patients with Alzheimer’s disease dementia.

respectively. Brain magnetic resonance imag-
ing (MRI) showed diffuse involutional changes 
of frontal and parietal lobes and moderate left-
sided and severe right-sided atrophy of amyg-
dala and hippocampus, consistent with AD. The 
patients were observed to be APOE ε4 posi- 
tive.

Treatment

After the patients became increasingly 
depressed and began to experience confusion 
with images in the mirror and his whereabouts 
in the home. He began wandering, lost interest 
in yard and housework, and required step-by-
step instruction and considerable assistance 
to dress and complete hygiene related tasks.

Results

A written consent was taken from the caregiv-
ers of both of the patients confirming that they 
are aware of the nature and type of the study 
performed. The patients were treated with 
OBHB at home for 24 months. The patients 
received usual diet and were also given the 
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doses of MCTG/CO mixture during the whole 
treatment period. OBHB was always taken after 
adding with soda-flavoured syrups [25% syrup, 
25% OBHB, and 50% water] in order to mask 
the bitter taste. Treatment of the patients with 
15 g three times per day doses of OBHB for two 
days resulted in a marked improvement in 
mood and the ability to recite and write out the 
complete alphabet. A more prominent improve-
ment was observed on the day 3, when the 
patients spontaneously selected clothes and 
dressed themselves. The dosage of OBHB was 
increased to 30 g three times daily from the day 
4. With the increase in dosage the patients 
began to initiate and complete many other 
activities without the assistance from caregiv-
ers. The commonly performed activities of both 
the patients included showering, shaving, 
brushing teeth, finding his way around the 
house, and choosing and ordering food from a 
menu. At the end of the one month of OBHB 
treatment abstract thinking, insight, and a sub-
tle sense of humour was noticed back in the 
conversation of both the patients. The patients 
themselves stated that they are feeling good, 
happier and more energetic. They were able to 
do the things easily after one month of the 
OBHB treatment. After 2 months of OBHB treat-
ment using 30 g three times per day, both the 
patients showed improvement in memory 
retrieval, spontaneously discussing events that 

occurred up to a week earlier. The patients 
were able to perform more complex tasks such 
as vacuuming, washing dishes by hand and 
yard work.

The measurement of plasma βHB levels after 
every week was performed to determine OBHB 
plasma βHB dose-response relationships 
(Figure 2). The results revealed a marked 
improvement in conversation and interaction 
after administration of OBHB doses. 

The biochemical investigation of the blood 
samples before, during OBHB treatment and 
after 24 months of the treatment revealed only 
minor changes in the plasma lipids. There was 
a decrease in cholesterol level from 251 to 158 
and 247 to 152 mg/dL in the two patients 
respectively after 24 months of the treatment 
(Figure 3A). Similarly the level of high-density 
lipoprotein cholesterol was found to decrease 
from 157 to 79 and 149 to 76 mg/dL, respec-
tively in two patients (Figure 3B).

Discussion

Earlier people used prolonged fasting or a very 
high-fat and very low-carbohydrate containing 
diet to raise the plasma KB levels [5, 11]. 
However, the side effects like dehydration, 
urate nephrolithiasis, substantial weight chang-
es, and amenorrhea associated with these 

Figure 3. Effect of OBHB treatment on total cholesterol and high-density lipoprotein cholesterol levels.
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methods hindered their applicability [21]. The 
fact that relatively high plasma KB levels (6-8 
mM) can be maintained indefinitely when KME 
is ingested at 3- to 4-hour intervals raises ques-
tions about the long-term safety of this degree 
of hyperketonemia. In the present study OBHB 
was administered regularly as a food supple-
ment to observe its effect onhyperketonemia in 
patients with long-standing AD dementia.

Treatment of the patients initially with 15 g 
three times per day doses of OBHB for 2 days 
resulted in a marked improvement in mood and 
the ability to recite and write out the complete 
alphabet. The results from our study demon-
strate that after 2 months of OBHB treatment 
using 30 g three times per day, the patients 
showed improvement in memory retrieval, 
spontaneously discussing events. The patients 
were able to perform more complex tasks such 
as vacuuming, washing dishes by hand, and 
yard work. The measurement of plasma βHB 
levels after every week was performed to deter-
mine OBHB plasma βHB dose-response rela-
tionships. The results revealed a marked 
improvement in conversation and interaction 
after administration of OBHB doses. The bio-
chemical investigation of the blood samples 
revealed only minor changes in the plasma lip-
ids. However, the cholesterol level was decre- 
ased in both the patients after 24 months of 
the treatment. Similarly the level of high-densi-
ty lipoprotein cholesterol was also found to 
decrease.

Conclusion

KME can be a safe and promising agent to 
induced hyperketonemia and can be adminis-
tered regularly as a food supplement without 
changing the habitual diet. KME induced eleva-
tions of circulating βHB levels improved behav-
iour, cognitive and daily activity performance in 
patients with long-standing AD dementia. 
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