

[image: image1]
Milk-based culture of Penicillium camemberti and its component oleamide affect cognitive function in healthy elderly Japanese individuals: a multi-arm randomized, double-blind, placebo-controlled study
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Dairy products and fermented foods have a reported association with maintained cognitive function. Camembert cheese, a dairy product fermented by the white mold Penicillium camemberti, has also been shown to enhance cognitive function in vivo. Oleamide, derived from the fermentation of the white mold, is a candidate for an active component, and expected to improve both cognitive function and sleep conditions. Thus, this study investigated whether the milk-based culture of white mold (MCW), and oleamide, could improve cognitive function and sleep state clinically. A multi-arm randomized, double-blind, placebo-controlled trial was conducted in Tokyo, Japan. 60 healthy Japanese individuals aged 50–75 who were aware of their cognitive decline were randomly and equally divided into three groups of 20 participants using computer-generated random numbers. Participants took either MCW (equivalent to 60 μg/day of oleamide), 60 μg/day of oleamide, or placebo capsules for 12 weeks. Serum BDNF, cognitive function by Cognitrax as primary and MCI Screen as secondary outcome, and sleep status using the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J) were assessed before and after intervention. The participants, outcome assessors and analysts, and research assistants were blinded to the group assignment. Of the 60 participants, 58 completed the study and were analyzed. No adverse events related to test foods were observed. The placebo group showed a negative rate of change in serum BDNF (−10.5% ± 19.7%), whereas the MCW and oleamide groups showed positive changes (2.0% ± 27.1% and 1.3% ± 13.5%, respectively). Cognitrax scores increased after 12 weeks in all groups. Conversely, the MPI score of the MCI Screen demonstrated a significant improvement in the MCW and oleamide groups compared to the placebo group (p = 0.013 and p < 0.001, respectively). The subscales, immediate free recall and delayed free recall, also significantly increased in them compared to the placebo group. Although PSQI-J revealed no significant differences among groups, the MCW and oleamide groups showed significant improvement after intervention in overall score, subjective sleep quality, and sleep latency. Our results suggest that MCW and its component, oleamide, are safe and contribute to maintaining cognitive functions, particularly short-term and working memory, and improving sleep state.

Clinical trial registration: https://center6.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000054792, identifier UMIN-CTR UMIN000048084.
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1 Introduction

With ongoing advancements in science, technology, and medicine enhancing life expectancy, the global population is experiencing rapid aging. Conversely, healthy life expectancy has not elongated, and the health of older individuals has not improved from the previous generation, even in some regions of high-income countries (1). This is due to age-related declines in physical and cognitive functions. To prolong the healthy lifespan of the elderly, maintaining cognitive function along with physical function through daily life is essential (2).

The relationship between cognitive function and diet has been well-established. Examples include the consumption of n-3 polyunsaturated fatty acids such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (3–5), dietary fiber, and fermented foods (6, 7). Recent reports have also discussed the impact of dairy products on cognitive function. The Hisayama Cohort study in Japan indicates that consuming a high amount of milk and dairy products can lower the risk of dementia among the Japanese (8, 9). An epidemiological study in the United States has also showed a correlation between dairy product consumption and cognitive function (10). Cheese, a fermented dairy product, generates numerous bioactive compounds during ripening and may have health benefits (11). Kim et al. showed an inverse association between cheese consumption and lower cognitive function. These studies indicate that the intake of dairy and fermented dairy products may enhance cognitive function (12).

Nowadays, research specifically focusing on Camembert cheese and its components has also been conducted. Suzuki et al. carried out a clinical study involving elderly women with mild cognitive impairment, in which the participants consistently consumed either Camembert cheese or processed cheese over a three-month period (13). The study revealed that consuming Camembert cheese continuously for 3 months increased the levels of serum brain-derived neurotrophic factor (BDNF), a factor closely associated with cognitive function, compared to that of processed cheese. Ano et al. demonstrated through in vivo studies that Camembert cheese and its extracts can reduce the accumulation of amyloid-β, suppress the release of inflammatory cytokines, and enhance the production of hippocampal neurotrophic factor (14). Beta-lactopeptide, dehydroergosterol, and oleamide are potential components contributing to these effects (14–16). Above all, oleamide has been suggested to have physiological functions associated with cognitive function and sleep (17, 18). Oleamide naturally occurs in foods such as Camembert cheese, jujube (Ziziphus jujuba), and the essential oil of mountain celery seeds (19, 20). In Camembert cheese, it is considered that oleamide is produced through the amide bonding of ammonia and oleic acid derived from milk during the fermentation process by P. camemberti (14). Oleamide is reported to suppress inflammation and enhance microglial phagocytosis in the central nervous system (14). Additionally, administering oleamide to neonatal mice enhanced their learning and memory-related skills. Thus, oleamide is considered as one of the components in certain foods that contributes to cognitive enhancement (21). At the same time, oleamide is a lipid found from cerebrospinal fluids of sleep derived cats (22). It has been revealed that the intraperitoneal administration of oleamide in rats reduce sleep latency, slow-wave sleep, and motor activity, potentially enhancing sleep quality (17, 23). Thus, followed by additional findings, oleamide has long been described to have relationship with sleep state (24–26). Moreover, jujube fruit is also shown to prolong sleeping time and to decrease its locomotor activities, and although not stated in this review, oleamide contained in them could be one of the reasons of this effect (19). One possibility for the mechanism of these findings is that oleamide is an endogenous agonist of the cannabinoid receptor 1, in which its enhancement is known to be involved in cognition, motor function, memory, nociception, and sleep (27, 28). The efficacy of oleamide on cognitive function and sleep state has only been proven in animal experiments, and not in clinical trials.

We have developed a milk culture enriched with oleamide, using the white mold P. camemberti, based on the manufacturing method of Camembert cheese. To evaluate the impact of continuous intake of milk-based culture of white mold (MCW) and its active ingredient, oleamide, on cognitive function, a randomized, double-blind, placebo-controlled, parallel-group comparative study was carried out in healthy elderly individuals experiencing cognitive decline. Additionally, the impact of oleamide on sleep quality was assessed using patient-reported outcomes.



2 Methods


2.1 Ethical considerations

The study adhered to the Declaration of Helsinki, the Ethical Guidelines for Life Sciences and Medical Research Involving Human Subjects, and the Act on the Protection of Personal Information. The study was conducted after review and approval by the Yoga Allergy Clinic Clinical Research Ethics Review Committee (approval number: RD11002TS04). The study was pre-registered with the University Hospital Medical Information Network Clinical Trials Registry (registration number: UMIN000048084; registration on 17 June 2023).



2.2 Study participants


2.2.1 Participants

Healthy Japanese adult men and women aged 50 to 75 years, who were aware of their cognitive decline, were recruited as volunteers. A total of 148 volunteers were briefed about the study details and provided written consent. After conducting screening tests, 60 participants who met all inclusion criteria and none of the exclusion criteria outlined in Table 1 were enrolled in the study. Under enrollment, people whose scores of MMSE are 22 or 23, who may be suspected of mild cognitive impairment, were judged as healthy by the principal doctor based on the results of the screening tests. The study collected data from participants at DiaStep Tokyo Skytree Ekimae Internal Medicine, Tokyo, Japan, between September and December 2022.



TABLE 1 Inclusion and exclusion criteria for this study.
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2.2.2 Determination of sample size

We referred to a three-arm clinical trial studying changes in cognitive function through consumption of various food components using Cognitrax, as there were no prior studies evaluating cognitive function with oleamide. In the study by Baba et al., significant results were obtained from testing 17 participants in each group (29). Assuming a potential 10–15% dropout rate from previous studies, we aimed to have 60 participants in total for this study, divided evenly across three groups to have 20 participants each.




2.3 Design of the study

The study was conducted as a multi-arm, randomized, double-blind, placebo-controlled, parallel-group comparative study. The study group allocator stratified and randomized 60 participants who were selected through a screening test (SCR) to oleamide, MCW, or placebo groups. Stratified randomization was conducted based on gender, age, and neurocognitive index (NCI) score from Cognitrax at SCR, aiming for equal distribution among groups. The similarity of conditions between groups after distribution was ensured based on computer-generated random numbers.

The study group allocator, independent from the contract research organization and research institute, maintained seal and strictly kept of the food randomization list until unblinding. The codebreaking was conducted after all data were finalized. The blinding was properly maintained for all parties and study participants, except for the study group allocator. The test foods were consumed for 12 weeks, with evaluations conducted before and after this 12-week period. On the day of the post-intervention test, study participants fasted for 6 h before undergoing various tests; urinalysis, vital signs and physical measurements, the Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J), blood tests (including blood biochemistry, hematology, BDNF), the Japanese version of the MCI Screen, and Cognitrax. The Cognitrax test was conducted only at SCR and after intervention.



2.4 Intervention

The MCW group was given capsules containing 300 mg of lyophilized powder of milk-based culture of white mold P. camemberti (MCW). On the other hand, the oleamide group received capsules containing oleamide (Nootropics Depot, United States). Both capsules were formulated to administrate equivalent doses of 60 μg oleamide per serving. The placebo capsules primarily contained cellulose, without oleamide or MCW. Detailed composition of each test food is shown in Table 2. The study participants were given test foods each month, packaged in identical soft capsules that were indistinguishable in color, odor, and flavor, and sealed in aluminum bags. The test food was to be taken as four capsules daily after the same meal of the day, and taken with either cold or lukewarm water, until the day before the post-intervention test. If participants forgot to take the test food after the pre-determined meal and realized the mistake during the same day, they were allowed to take it on that day only. Research assistants supervised the consumption of test foods through the lifestyle questionnaire that the participants were asked to fill out daily. If the test food had not been consumed, the research assistants made a phone call to the participant to ask the reason and to remind them to consume it every day.



TABLE 2 Composition of test foods in this study.
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2.5 Outcomes


2.5.1 Primary outcomes

Serum BDNF and Cognitrax were chosen as the primary outcomes. Measurement of serum BDNF concentrations was contracted to Healthcare Systems Co., Ltd. (Aichi, Japan), using sandwich enzyme-linked immunosorbent assay (ELISA) kits for BDNF (DuoSet; R&D Systems, Minneapolis, MN, United States), and was performed according to the manufacturer’s protocol. Blood samples for BDNF were collected in the morning from 10:00 to 10:30 on the day of the pre-intervention test and on the day of post-intervention test at 12 weeks. The BDNF assays were conducted using the same batch of kits.

Cognitrax is an online cognitive function assessment test using computer. It provides a comprehensive evaluation of various domains including memory, attention, processing speed, and executive function (30). Cognitrax results are normalized according to age and educational level and are evaluated based on 12 different indices: Neurocognition Index (NCI), Composite Memory, Verbal Memory, Visual Memory, Psychomotor Speed, Reaction Time, Complex Attention, Cognitive Flexibility, Processing Speed, Executive Functioning, Simple Visual Attention, and Motor Speed. Cognitrax was assessed at SCR and the post-intervention test.



2.5.2 Secondary outcomes

The secondary outcomes were determined using the Japanese version of the MCI Screen and PSQI-J. The MCI Screen is a cognitive function test that accurately differentiates normal cognitive function and mild cognitive impairment (MCI) or mild dementia. The MCI Screen comprises the following three stages: (1) The assessor recites 10 words, and the participant immediately repeats them. This process is repeated three times; (2) The assessor asks 10 questions where the participant shall identify the odd one out among three animals; and (3) The participant repeats the words from step (1) that they can remember without the assessor reciting any. Based on the results of (1) to (3), Z-scores were calculated for both immediate and delayed free recall. Additionally, an overall index, the Memory Performance Index (MPI) score ranging from 0 to 100, was derived using demographic data such as gender, age, and years of learning experience. In this research, we utilized the Japanese version of the MCI Screen, which is validated in Japanese (31).

PSQI-J was utilized to evaluate sleep state (32, 33). Participants were to grade their average subjective sleep state over the past month based on seven factors: sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction. The total score was used to determine PSQI-J.

The MCI Screen and PSQI-J were carried out twice, at the pre-intervention test and the post-intervention test.



2.5.3 Safety evaluation

Safety was assessed through vital signs (systolic and diastolic blood pressure and pulse rate), physical measurements (body weight and body mass index), and blood biochemical tests [triglyceride (TG), total cholesterol (T-Cho), blood urea nitrogen (BUN), total bilirubin (T-Bil), total protein (TP), albumin (Alb), γ-glutamyl transpeptidase (γ-GTP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine (Cr), uric acid (UA), LDL-cholesterol (LDL-Cho), blood glucose, HDL-cholesterol (HDL-Cho), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), hemoglobin A1c (HbA1c)], hematological tests [white blood cell (WBC), red blood cell (RBC), hemoglobin (Hb), hematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelet (PLT)], urinalysis (pH, specific gravity, protein qualitative, glucose qualitative, urobilinogen, occult blood reaction, bilirubin, ketone bodies) and adverse events. These parameters were measured thrice: during SCR, pre-intervention test, and post-intervention test. To account for diurnal variation, blood samples for the pre-intervention test and post-intervention test were collected in the morning from 10:00 to 10:30.




2.6 Statistical analysis

This study analyzed the Per-Protocol Set (PPS) population. The Dunnett test was used to compare the BDNF, Cognitrax, and MCI Screen among groups, while the paired t-test was used for comparison between before and after the intake of test foods. PSQI-J results were compared among different groups using the Steel test, and these results were further compared with pre-intervention results using the Wilcoxon signed rank test. The backgrounds of the study participants were compared using analysis of variance. Safety endpoints were analyzed among groups using Dunnett, Steel, and Fisher’s exact probability tests, and compared to pre-intervention test results using paired t-test and Wilcoxon signed-rank test, based on specific data characteristics. The significance level for all tests was 5% two-sided, and statistical analysis was performed using statistical analysis software (IBMⓇ: SPSSⓇ Statistics 27 and EZR version 1.55). The mean, standard deviation, and 95% confidence interval are displayed for the participant background and efficacy endpoints (excluding PSQI-J), and interquartile range are displayed for PSQI-J.




3 Results


3.1 Characteristics of the study participants

The disposition of study participants is shown in Figure 1. From June to July 2022, 148 individuals were recruited and screened for the study. 60 healthy male and female participants were enrolled in this study, and randomly allocated evenly across three groups of 20 participants: MCW, oleamide, and placebo.

[image: Figure 1]

FIGURE 1
 CONSORT flow diagram of study participants. MCW, Milk-Based Culture of White Mold.


During the study, one participant in the placebo group withdrew due to personal reasons, leaving a total of 59 participants (20 in the MCW group, 20 in the oleamide group, and 19 in the placebo group) by the end of the study. After intervention, one placebo participant was excluded due to a protocol violation involving medication that could affect cognitive ability. Consequently, 58 participants remained in the PPS: 20 in the MCW group, 20 in the oleamide group, and 18 in the placebo group. However, Cognitrax results of two participants, one from the oleamide group and the other in the placebo group, were excluded from the PPS analysis due to reliability concerns: operational error of the computer by one participant and partial non-calculation of the results for the other.

The demographic characteristics of the participants at baseline are summarized in Table 3. There were no significant differences between the placebo group and the other two groups.



TABLE 3 Characteristics of participants.
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3.2 Primary outcomes


3.2.1 BDNF

At 12 weeks, the oleamide group had significantly higher BDNF levels than those of the placebo group (Table 4, p = 0.005). The MCW and oleamide groups exhibited a positive rate of change in BDNF levels, whereas a negative rate of change was observed in the placebo group. However, no significant differences in the rate of change were found among the groups (Table 4; Figure 2).



TABLE 4 Comparison of serum BDNF.
[image: Table4]
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FIGURE 2
 Rate of Change in BDNF from the baseline to week-12. The bars represent the average rate of change, while the error bars denote the standard deviation. MCW, Milk-Based Culture of White Mold.




3.2.2 Cognitrax

After 12 weeks of intake, all parameters improved in all groups, except for Simple Visual Attention in the MCW group, as compared to baseline (Table 5). However, there were no significant differences at 12 weeks among the groups (Table 5).



TABLE 5 Comparison of standardized scores on Cognitrax.
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3.3 Secondary outcomes


3.3.1 MCI screen

The changes of the MPI score at 12 weeks (Δ MPI score) was significantly greater in the MCW and oleamide groups compared to the placebo group (Figure 3A; Table 6; p = 0.013 in the MCW group and p < 0.001 in the oleamide group).

[image: Figure 3]

FIGURE 3
 Changes in MCI Screen. (A) Δ MPI score, (B) Δ immediate free recall, and (C) Δ delayed free recall. The bars represent the mean, while the error bars denote the standard deviation. *p < 0.05, **p < 0.01, analyzed by Dunnett’s test (vs. placebo). MCW, Milk-Based Culture of White Mold; MPI, Memory Performance Index.




TABLE 6 Comparison of MCI screen scores.
[image: Table6]

The changes of the Z-scores for immediate and delayed free recall (Δ Immediate free recall and Δ Delayed free recall, respectively) were also significantly greater in the MCW and oleamide groups compared to the placebo group (Figure 3B; Table 6: immediate free recall; p = 0.010 in the MCW group and p < 0.001 in the oleamide group; Figure 3C; Table 6: delayed free recall; p = 0.010 in the MCW group and p < 0.001 in the oleamide group).



3.3.2 PSQI-J

After 12 weeks of consumption, both the MCW and oleamide groups showed significantly lower overall scores than baseline (p = 0.002 in the MCW group and p = 0.003 in the oleamide group). Conversely, the placebo group exhibited no significant changes (Figure 4A; Table 7). Furthermore, the MCW group and the oleamide group both showed significant improvement in sleep quality and sleep latency scores after intervention (p < 0.001, p = 0.033 in the MCW group and p < 0.001, p = 0.014 in the oleamide group, respectively; Figures 4B,C; Table 7). However, no significant differences were observed among the groups at 12 weeks (Figure 4; Table 7).

[image: Figure 4]

FIGURE 4
 Changes in PSQIG Score. (A) PSQIG Score, (B) Subjective sleep quality, and (C) Sleep latency. Box plot indicates interquartile range (IQR). White boxes show the participants’ state at baselines and gray ones show their state at week-12. #p < 0.05, ##p < 0.01, performed by Wilcoxon signed rank test (vs. baseline). Oleamide and MCW groups showed no significance compared to placebo group (analyzed by Steel’s test). PSQIG, Pittsburgh Sleep Quality Index Global score; MCW, Milk-Based Culture of White Mold.




TABLE 7 Comparison of PSQI-J scores.
[image: Table7]




3.4 Safety evaluations

After 12 weeks of intervention, vital signs, physical measurements, blood parameters, and urinalysis were within normal range, although there were significant differences in some parameters compared to the placebo group (Supplementary Tables 1–5). During the study period, four participants experienced seven adverse events, all of which were deemed by the investigators to be unrelated to the test foods. The incidence of adverse events did not significantly differ among the three groups (p = 0.532). In conclusion, the safety of the test foods was confirmed over a 12-week intervention period.




4 Discussion

In this randomized, double-blind, placebo-controlled study, we examined the effects of MCW and its potential active ingredient, oleamide, on cognitive function in healthy older Japanese individuals experiencing subjective cognitive decline. The results demonstrated that both 60 μg of oleamide and MCW containing 60 μg of oleamide, which were administered for 12 weeks, significantly improved the MPI score of the MCI Screen compared to placebo, indicating a positive effect on cognitive function. Additionally, both the MCW and oleamide groups demonstrated significant improvement in immediate and delayed free recall scores, a sub-category of the MCI Screen, compared to the placebo group. Even though the primary outcome, which was set as Cognitrax, was not achieved in this study, these findings well indicate that continuous consumption of oleamide effectively preserves cognitive abilities, particularly working and short-term memory, in older individuals who are aware of their cognitive decline. This is the first study to directly present the efficacy of oleamide on cognitive function in a clinical trial. Short-term and working memory process verbal, audio, visual, and spatial information encountered in our daily and social interactions. Generally, aging leads to a decline in short-term and working memory (34). Furthermore, it has been extensively debated that enhancing and maintaining short-term and working memory functions could potentially inhibit the onset and progression of dementia (35). This study suggests that intake of oleamide or oleamide-rich foods could potentially prevent dementia by preserving short-term and working memory functions.

Results from our research presented that while the MCI Screen demonstrated significant improvement, the Cognitrax did not show a noticeable difference compared to the placebo (Figure 3; Table 5). This contradiction may be attributed to the different target populations of the two tests. The Cognitrax test is designed for a broad spectrum of individuals, ranging from people with normal cognitive function to patients with dementia (30). The MCI Screen is designed to evaluate cognitive function in healthy individuals and individuals with mild cognitive impairment (MCI) (36). It can distinguish between healthy individuals and individuals with MCI with an accuracy of 97%–99% (31). Given this discrepancy, it is inferred that the MCI Screen is more sensitive to individuals with near-normal cognitive function than the Cognitrax. Indeed, this study involved elderly participants aware of their cognitive decline. However, their baseline values for both tests were high (Cognitrax: mean 90–100; Table 5, MCI Screen: mean 57–60; Figure 3; Table 6) in contrast to our prediction, indicating that their cognitive functions were relatively well-maintained. Therefore, in this study, significant differences were only observed in the MCI Screen, which we infer to be highly sensitive to individuals with near-normal cognitive function. Apart from our research, there have been clinical studies in healthy participants that detected the efficacy of foods on cognitive function. These effects are more sensitively detected by the MCI Screen compared to Cognitrax, as the MCI Screen aligns more closely with the original test target. A clinical study evaluating supplements containing propolis extract, curcumin, and other substances found significant differences in the MCI Screen results, but not in Cognitrax (37). According to our current research and the previous study (37), the MCI Screen may have had been more effective than Cognitrax in detecting changes in cognitive function in healthy participants in human clinical studies like this trial. Also, neither the mechanism-based difference between the two assessments nor the mode of action of oleamide has been revealed to this day. The aspects mentioned above will be of concern in the future studies.

In this study, the oleamide group showed a significantly higher serum BDNF level than that of the placebo group after 12 weeks of intake. Moreover, the placebo group exhibited a negative rate of change, whereas both the oleamide and MCW groups displayed a positive rate of change, with no regression to the mean observed. Previous reports suggest an association between serum BDNF levels and cognitive function (38). Suzuki et al. demonstrated that the continuous intake of Camembert cheese raises serum BDNF levels (13). They partially attributed this association to the presence of oleamide in Camembert cheese (13). Our result is consistent with this prior study, suggesting that consuming foods containing oleamide could enhance cognitive function through BDNF elevation. Nevertheless, the increase of serum BDNF level in the MCW group was insignificant despite the amount of oleamide ingested. The reason for this result is two-fold: relatively high baseline BDNF level in the oleamide group compared to the MCW group and significant decrease in blood BDNF levels in the placebo group at 12 weeks. Additionally, the current study revealed that the intake of MCW and oleamide exhibited similar changes not only in serum BDNF levels but also in the MCI Screen. Generally, consuming mixtures of different elements like extracts or fermented products may not yield the same effects as consuming a single component. The current findings indicate that MCW and oleamide exhibit similar efficacy on human cognitive function.

The efficacy of oleamide consumption on sleep quality was also assessed in this study. Both the MCW and oleamide groups demonstrated significant improvement from baseline, although not significant when compared to the placebo group. While the potential efficacy of oleamide intake on sleep has been demonstrated in rats (17, 23), this is the first study to report its effect on human sleep. Although further evidence needs to be accumulated focusing on sleep quality, this study indicates that the consumption of oleamide may have a beneficial effect on sleep in humans as well.

While MCW and oleamide both showed their contribution to the improvement on cognitive abilities and sleep state, it is fairly possible that agents other than oleamide have also contributed to the improvement of the participants’ cognitive abilities or sleep states. In fact, MCW did seem to be more effective than oleamide concerning PSQI-J scores. On the other hand, when we look at the results shown in Figures 1–4, it could be observed that the extent of their improvement on each measure is fairly the same when comparing MCW and oleamide alone. Therefore, while we cannot completely defy the contribution of other components, we consider that oleamide is the main active constituent.

One limitation of this study is that the demographics of the participants were minimal. We have only tested on healthy individuals whose ages range from 50 to 75. This implies that this study cannot note the efficacy of oleamide on individuals with more progressed cognitive decline or who are diagnosed as dementia. Also, this study cannot refer to its effect on individuals aged younger than 50 or older than 75. Further research is necessary to consider the effect of oleamide on the vast population. In addition, this intervention was solely targeted at the Japanese population. Thus, this study does not guarantee the effect of oleamide on the worldwide population. On the other hand, this clinical trial was conducted on both genders, a broad age range of middle-aged and elderly individuals, and those with relatively high cognitive levels. Therefore, this study suggests that continuous intake of oleamide could potentially improve cognitive function of elderly Japanese individuals in various conditions. If these results are universal, it could possibly benefit a broad spectrum of healthy elderly individuals in any ethnicity who are experiencing subjective cognitive decline. Additional research is warranted to understand the mechanism of action of oleamide on cognitive ability and to clarify its generalizability.

There are two potential future applications for oleamide functions. The initial step involves conducting other clinical studies to evaluate the effectiveness of MCW and oleamide on cognitive functions, particularly working memory and short-term memory. This new study will allow us to better understand the efficacy of MCW and oleamide on human cognitive function. This idea could be achieved by choosing an evaluation index that aligns more accurately with the participants’ characteristics and the specific cognitive functions we aim to study. Another option is to reexamine the efficacy of oleamide, focusing primarily on sleep function. This study showed significant improvements in sleep quality in both the MCW and oleamide groups when compared to the baseline; however, these improvements were not significantly different from that in the placebo group. Future studies on humans with sleep disorders could be conducted to gather evidence and clarify the beneficial effects of oleamide on sleep.

The current study revealed that the continuous intake of 60 μg of oleamide and MCW, which contains the same amount of oleamide, significantly improved the MPI score and both immediate and delayed free recall scores compared to placebo. This was observed after 12 weeks of intervention by elderly Japanese participants who were aware of their cognitive decline. Furthermore, oleamide significantly elevated the serum BDNF level. Taken together, these findings suggest that the continuous consumption of oleamide could help preserve or improve working and short-term memory in elderly Japanese individuals experiencing cognitive decline. In an aging society, strategies to prevent cognitive decline are crucial. Oleamide and foods containing it may aid in this endeavor. Moreover, MCW and oleamide have demonstrated the potential to improve sleep quality. This is the first clinical trial to report the efficacy of oleamide and oleamide-rich foods on cognitive function and sleep. Future studies should focus on providing more clinical evidence and understanding the underlying mechanism.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Yoga Allergy Clinic’s Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MS: Writing – review & editing, Investigation, Methodology, Resources, Validation. CO: Conceptualization, Investigation, Methodology, Resources, Validation, Writing – review & editing. KN: Conceptualization, Investigation, Methodology, Project administration, Resources, Writing – review & editing. HTa: Data curation, Investigation, Writing – review & editing. HTo: Data curation, Formal analysis, Validation, Visualization, Writing – original draft. KF: Conceptualization, Funding acquisition, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research received funding from Meiji Co., Ltd.



Acknowledgments

The authors are grateful to the members of Huma R&D Co., Ltd. for their collaboration in this study. We extend our gratitude to Taketo Yamaji, Kaori Iwasawa, Megumi Koganei, Keiko Okazaki, Akio Tanaka, and Nobuko Jinno for their technical support.



Conflict of interest

MS, CO, KN, and KF were employed by Meiji Co., Ltd. HTo was employed by HUMA R&D Corporation. HTa was employed by Diastep Medical Corporation.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1357920/full#supplementary-material



References

 1. Chatterji, S, Byles, J, Cutler, D, Seeman, T, and Verdes, E. Health, functioning, and disability in older adults--present status and future implications. Lancet. (2015) 385:563–75. doi: 10.1016/S0140-6736(14)61462-8 

 2. Livingston, G, Huntley, J, Sommerlad, A, Ames, D, Ballard, C, Banerjee, S , et al. Dementia prevention, intervention, and care: 2020 report of the lancet commission. Lancet. (2020) 396:413–46. doi: 10.1016/S0140-6736(20)30367-6 

 3. Yurko-Mauro, K, Alexander, DD, and Van Elswyk, ME. Docosahexaenoic acid and adult memory: a systematic review and meta-analysis. PLoS One. (2015) 10:e0120391. doi: 10.1371/journal.pone.0120391 

 4. Titova, OE, Sjögren, P, Brooks, SJ, Kullberg, J, Ax, E, Kilander, L , et al. Dietary intake of eicosapentaenoic and docosahexaenoic acids is linked to gray matter volume and cognitive function in elderly. Age. (2013) 35:1495–505. doi: 10.1007/s11357-012-9453-3 

 5. Welty, FK
. Omega-3 fatty acids and cognitive function. Curr Opin Lipidol. (2023) 34:12–21. doi: 10.1097/MOL.0000000000000862


 6. Berding, K, Carbia, C, and Cryan, JF. Going with the grain: Fiber, cognition, and the microbiota-gut-brain-axis. Exp Biol Med. (2021) 246:796–811. doi: 10.1177/1535370221995785 

 7. Kumar, MR, Azizi, NF, Yeap, SK, Abdullah, JO, Khalid, M, Omar, AR , et al. Clinical and preclinical studies of fermented foods and their effects on Alzheimer's disease. Antioxidants. (2022) 11:883. doi: 10.3390/antiox11050883


 8. Ozawa, M, Ohara, T, Ninomiya, T, Hata, J, Yoshida, D, Mukai, N , et al. Milk and dairy consumption and risk of dementia in an elderly Japanese population: the Hisayama study. J Am Geriatr Soc. (2014) 62:1224–30. doi: 10.1111/jgs.12887 

 9. Ninomiya, T
. Japanese legacy cohort studies: the Hisayama study. J Epidemiol. (2018) 28:444–51. doi: 10.2188/jea.JE20180150 

 10. Park, KM, and Fulgoni, VL 3rd. The association between dairy product consumption and cognitive function in the National Health and nutrition examination survey. Br J Nutr. (2013) 109:1135–42. doi: 10.1017/S0007114512002905 

 11. Santiago-Lopez, L, Aguilar-Toala, JE, Hernandez-Mendoza, A, Vallejo-Cordoba, B, Liceaga, AM, and Gonzalez-Cordova, AF. Invited review: bioactive compounds produced during cheese ripening and health effects associated with aged cheese consumption. J Dairy Sci. (2018) 101:3742–57. doi: 10.3168/jds.2017-13465 

 12. Hunkyung Kim, YO, Kojima, N, Sasai, H, Nakamura, K, Oba, C, Sasaki, M , et al. Inverse association between cheese consumption and lower cognitive function in Japanese community-dwelling older adults based on a cross-sectional study. Nutrients. (2023) 15:3181. doi: 10.3390/nu15143181 

 13. Suzuki, T, Kojima, N, Osuka, Y, Tokui, Y, Takasugi, S, Kawashima, A , et al. The effects of Mold-fermented cheese on brain-derived neurotrophic factor in community-dwelling older Japanese women with mild cognitive impairment: a randomized, controlled, crossover trial. J Am Med Dir Assoc. (2019) 20:1509–14. doi: 10.1016/j.jamda.2019.06.023


 14. Ano, Y, Ozawa, M, Kutsukake, T, Sugiyama, S, Uchida, K, Yoshida, A , et al. Preventive effects of a fermented dairy product against Alzheimer's disease and identification of a novel oleamide with enhanced microglial phagocytosis and anti-inflammatory activity. PLoS One. (2015) 10:e0118512. doi: 10.1371/journal.pone.0118512 

 15. Ano, Y, Ayabe, T, Kutsukake, T, Ohya, R, Takaichi, Y, Uchida, S , et al. Novel lactopeptides in fermented dairy products improve memory function and cognitive decline. Neurobiol Aging. (2018) 72:23–31. doi: 10.1016/j.neurobiolaging.2018.07.016 

 16. Ano, Y, and Nakayama, H. Preventive effects of dairy products on dementia and the underlying mechanisms. Int J Mol Sci. (2018) 19:927. doi: 10.3390/ijms19071927 

 17. Huitron-Resendiz, S, Gombart, L, Cravatt, BF, and Henriksen, SJ. Effect of oleamide on sleep and its relationship to blood pressure, body temperature, and locomotor activity in rats. Exp Neurol. (2001) 172:235–43. doi: 10.1006/exnr.2001.7792


 18. Heo, H
. Effects of Oleamide on acetyltransferase and cognitive activities. Biosci Biotechnol Biochem. (2003) 67:1284–91. doi: 10.1271/bbb.67.1284 

 19. Chen, J, Liu, X, Li, Z, Qi, A, Yao, P, Zhou, Z , et al. A review of dietary Ziziphus jujuba fruit (jujube): developing health food supplements for brain protection. Evid Based Complement Alternat Med. (2017) 2017:1–10. doi: 10.1155/2017/3019568


 20. Cheng, MC, Ker, YB, Yu, TH, Lin, LY, Peng, RY, and Peng, CH. Chemical synthesis of 9(Z)-octadecenamide and its hypolipidemic effect: a bioactive agent found in the essential oil of mountain celery seeds. J Agric Food Chem. (2010) 58:1502–8. doi: 10.1021/jf903573g 

 21. Tao, R, Huang, S, Zhou, J, Ye, L, Shen, X, Wu, J , et al. Neonatal supplementation of Oleamide during suckling promotes learning ability and memory in adolescent mice. J Nutr. (2022) 152:889–98. doi: 10.1093/jn/nxab442 

 22. Lerner, RA, Siuzdak, G, Prospero-Garcia, O, Henriksen, SJ, Boger, DL, and Cravatt, BF. Cerebrodiene: a brain lipid isolated from sleep-deprived cats. Proc Natl Acad Sci USA. (1994) 91:9505–8. doi: 10.1073/pnas.91.20.9505 

 23. Yang, JY, Wu, CF, Wang, F, Song, HR, Pan, WJ, and Wang, YL. The serotonergic system may be involved in the sleep-inducing action of oleamide in rats. Naunyn Schmiedeberg's Arch Pharmacol. (2003) 368:457–62. doi: 10.1007/s00210-003-0843-z 

 24. Huidobro-Toro, JP, and Harris, RA. Brain lipids that induce sleep are novel modulators of 5-hydroxytrypamine receptors. Proc Natl Acad Sci USA. (1996) 93:8078–82. doi: 10.1073/pnas.93.15.8078 

 25. Basile, AS, Hanus, L, and Mendelson, WB. Characterization of the hypnotic properties of oleamide. Neuroreport. (1999) 10:947–51. doi: 10.1097/00001756-199904060-00010 

 26. Kesner, AJ, and Lovinger, DM. Cannabinoids, endocannabinoids and sleep. Front Mol Neurosci. (2020) 13:125. doi: 10.3389/fnmol.2020.00125 

 27. Murillo-Rodríguez, E
. The role of the CB1 receptor in the regulation of sleep. Prog Neuro-Psychopharmacol Biol Psychiatry. (2008) 32:1420–7. doi: 10.1016/j.pnpbp.2008.04.008


 28. Miranzadeh Mahabadi, H, Bhatti, H, Laprairie, RB, and Taghibiglou, C. Cannabinoid receptors distribution in mouse cortical plasma membrane compartments. Mol Brain. (2021) 14:89. doi: 10.1186/s13041-021-00801-x 

 29. Baba, Y, Inagaki, S, Nakagawa, S, Kobayashi, M, Kaneko, T, and Takihara, T. Effects of daily Matcha and caffeine intake on mild acute psychological stress-related cognitive function in middle-aged and older adults: a randomized placebo-controlled study. Nutrients. (2021) 13:700. doi: 10.3390/nu13051700 

 30. Gualtieri, CT, and Johnson, LG. Reliability and validity of a computerized neurocognitive test battery. CNS Vital Signs Arch Clin Neuropsychol. (2006) 21:623–43. doi: 10.1016/j.acn.2006.05.007 

 31. Cho, A, Sugimura, M, Nakano, S, and Yamada, T. The Japanese MCI screen for early detection of Alzheimer's disease and related disorders. Am J Alzheimers Dis Other Dement. (2008) 23:162–6. doi: 10.1177/1533317507312624 

 32. Doi, YMM, Okawa, M, and Uchiyama, M. Development of the Japanese version of the Pittsburgh sleep quality index. Japan J Psychiatry Treatment. (1998) 13:755–63.


 33. Doi, Y, Minowa, M, Uchiyama, M, Okawa, M, Kim, K, Shibui, K , et al. Psychometric assessment of subjective sleep quality using the Japanese version of the Pittsburgh sleep quality index (PSQI-J) in psychiatric disordered and control subjects. Psychiatry Res. (2000) 97:165–72. doi: 10.1016/S0165-1781(00)00232-8


 34. Luo, L, and Craik, FI. Aging and memory: a cognitive approach. Can J Psychiatr. (2008) 53:346–53. doi: 10.1177/070674370805300603


 35. Perry, RJ, and Hodges, JR. Attention and executive deficits in Alzheimer's disease. A critical review. Brain. (1999) 122:383–404. doi: 10.1093/brain/122.3.383


 36. Shankle, WR, Romney, AK, Hara, J, Fortier, D, Dick, MB, Chen, JM , et al. Methods to improve the detection of mild cognitive impairment. Proc Natl Acad Sci USA. (2005) 102:4919–24. doi: 10.1073/pnas.0501157102 

 37. Asama, T, Hiraoka, T, Ohkuma, A, Okumura, N, Yamaki, A, Igase, M , et al. Cognitive improvement and safety assessment of a composite dietary supplement containing propolis extract, gingko biloba extract, phosphatidylserine and curcumin in healthy mid—to senior age Japanese adults—a placebo—controlled, randomized, parallel—group, double—blind human clinical study—. Jpn Pharmacol Ther. (2020) 48:1805–19.


 38. Shimada, H, Makizako, H, Doi, T, Yoshida, D, Tsutsumimoto, K, Anan, Y , et al. A large, cross-sectional observational study of serum BDNF, cognitive function, and mild cognitive impairment in the elderly. Front Aging Neurosci. (2014) 6:69. doi: 10.3389/fnagi.2014.00069



Copyright
 © 2024 Sasaki, Oba, Nakamura, Takeo, Toya and Furuichi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Milk-based culture of Penicillium camemberti and its component oleamide affect cognitive function in healthy elderly Japanese individuals: a multi-arm randomized, double-blind, placebo-controlled study



		1 Introduction



		2 Methods



		2.1 Ethical considerations



		2.2 Study participants



		2.2.1 Participants



		2.2.2 Determination of sample size









		2.3 Design of the study



		2.4 Intervention



		2.5 Outcomes



		2.5.1 Primary outcomes



		2.5.2 Secondary outcomes



		2.5.3 Safety evaluation









		2.6 Statistical analysis









		3 Results



		3.1 Characteristics of the study participants



		3.2 Primary outcomes



		3.2.1 BDNF



		3.2.2 Cognitrax









		3.3 Secondary outcomes



		3.3.1 MCI screen



		3.3.2 PSQI-J









		3.4 Safety evaluations









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-11-1357920-t007.jpg
Week-12 Median

Vera Baseline median el
(25-75 percentile) P’ (25-75 percentile)

Oleamide 2 50 054 30 (20-50)

PSQIG Mcw 2 0 (28-53) 100 25 (20-30)
50 (20-50) 35 (3.0-48)

Placebo 18

p-value
(within
group)

p-value
(between
groups)

091 #40,003

0.06 40,002

041

Pittsburgh Sleep Quality Index Global score; MCW, Milk-based Culture of White Mold; Data are represented as the median and the interquartile range. **p < 0.01, analyzed by Wilcoxons

signed rank test.





OPS/images/fnut-11-1357920-t006.jpg
Baseline Week-12 A

@iz Mean +SD 95% Cl Mean +SD 95% ClI Mean +SD 95% Cl

Oleamide 20 57.78+853 (~8.86-3.16) 0.455 64.86+8.07 (~1.09-10.72) 0123 7.08£5.16 (3.83-11.49) <0.001%*
MPI score MCwW 20 5743832 (-9.20-282) 0379 61.59+8.13 (~4.36-7.45) 0775 4155490 (091-8.57) 0013*

Placebo 18 60.6347.54 60.04+7.84 ~0.58+5.57

Oleamide 20 —147£1.04 (-1.38-029) 0.241 ~051£1.00 (=0.23-1.35) 0198 096+0.67 (054-1.67) <0.0017%
Immediate free
el MCw 20 -147£1.23 (-1.38-0.29) 0.241 090118 (=0.62-0.96) 0845 057£0.80 (0.15-1.28) 0010%

Placebo 18 —092£1.13 ~107£1.02 ~0.142081

Oleamide 20 -1.22£0.97 (~1.30-024) 0210 ~0.15£0.97 (020-1.65) 0010% 1.07£1.07 (076-2.16) <0.001%*
Delayed free recall |~ MCW 20 —1.14£1.02 (-1.23-031) 0305 ~0.64+0.86 (=0.29-1.16) 0295 050+0.83 (0.19-1.60) 0010%

Placebo 18 068115 ~108+1.13 ~039+0.94

MCW, Milk-Based Culture of White Mold; MPI, Memory Performance Index; C1, Confidence Interval. Data are presented as the mean £ standard deviation (SD). *p<0.05, *#p<0.01, analyzed by Dunnetts test (vs. placebo).





OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition

Milk-based culture of penicillium
camemberti and its component
oleamide aeff ct cognitive
function in healthy elderly
Japanese individuals: a multi-arm
randomized, double-blind,
placebo-controlled study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






OPS/images/fnut-11-1357920-t001.jpg
Inclusion criteria

0 Japanese men and women aged between 50 and 75 years old at the time of obtaining written consent.

@ Participant who s aware of their cognitive decline.

[6) Participant who has a MMSE-J score of 22 points or more.

@ Participant who has received sufficient explanation of the purpose and content of the research, has the ability to consent.

Exclusion criteri

m Participant who has been diagnosed with dementia by a physician,

@ Participant who is taking medication or under medical treatment due to s

® Participant who s under exercise therapy or dietetic therapy.
Participant who s at risk of showing allergic symptoms to 28 food allergens (7 allergens (egg, milk, wheat, peanut, shrimp, buckwheat, crab) required and 21

@ allergens (kiwifruit, walnut, soybean, banana, yam, cashew nut, peach, sesame, mackerel,salmon, squid, chicken, apple, matsutake mushroom, orange, beef,
gelatin, pork, abalone, salmon roe, almond) recommended for labeling)

©) Participant who has or had a history of ither drug or alcohol dependence syndrome.

© Participant who currently attends a hospital for or has a history of mental disorder (depression, etc.) or sleep disorder (insomnia, sleep apnea syndrome, etc.)

@ Participant whose working hours are irregular due to night shifis, etc.

® Participant who has extremely irregular lfestyle habits in terms of cating and slecping.

© Participant who has an extremely unbalanced diet.

(10) Participant who smokes more than 21 cigarettes/day or drinks alcohol heavily (average net alcohol intake of about 60 g/day or more)
Participant with a serious current or previous illness such as brain discase, malignant tumor, immunological discase, diabetes, liver discase (hepatits), renal

. disease, cardiac discase, thyroid discase, adrenal disease, or other metabolic discase.

W Participant who takes supplements, health foods, etc. (including food for specified health uses and food with functional claims) or medicines that afect cognitive
functions for 4days or more per week

(13) Participant who has a habit of consuming cheese (an amount exceeding 7 pieces of 6P cheese/week or 7 slices of cheese/week)

. Participant who has participated in other clinical studies within the past 3months from the day of the consent acquisition or wha is planning to participate in
other clinical studies during the current study.

. Participant who has participated in blood collection or donation of more than 200mL within the past 1 month, or more than 400 mL within the past 3months,
from the day of the consent acquisition.

16) Participant who is planning to get pregnant after the day of informed consent or is currently pregnant or lactating.

a7 Participant who has difficulty abiding to responding various survey forms,

18) Participant who is judged as an inappropriate candidate according to the screening data.

(19) Participant who is considered as an inappropriate candidate by the doctor in charge.

. Participant who is unable to cooperate with the countermeasures against SARS-CoV-2 infection and PCR testing as stipulated by the government and local

authorities according to the status of SARS-CoV-2 infection,
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MCW, milk-based culture of white mold, which s produced by fermenting 2 mixture of milk
protein concentrate and butter with Penicillium camemberti.
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MCW, Milk-Based Culture of White Mold. Data are presented as mean + standard deviation (SD) for all groups. Analyzed by Dunnetts test (vs. placebo).
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mean £ standard deviation for all groups. Analysis was conducted using ANOVA.
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