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ABSTRACT

Background: Alzheimer’s disease (AD) and metabolic issues such as type 2 diabetes mellitus (T2DM) represent growing
public health burdens, with current treatments often providing only symptomatic relief or carrying significant side
effects. Berberine, a plant-derived isoquinoline alkaloid, has been investigated for its dual roles in metabolic regulation
and neuroprotection. Its antioxidant, anti-inflammatory, and metabolic effects suggest promise in addressing both

disease classes simultaneously.

Objective: This review synthesizes the evidence for berberine in both AD and T2DM therapy, evaluates its drug
performance using 15 key parameters, and examines its practical advantages and limitations. The aim is to assess its

therapeutic potential through the Functional Food Center’s 17-parameter framework.

Methods: A literature review was conducted using PubMed, Scopus, and FFHDJ.com databases using combinations of

” u ” u. ” u

keywords: “berberine,” “Alzheimer’s,” “dementia,” “type 2 diabetes mellitus,” “dyslipidemia,” “metabolic disease,” and
“clinical trials.” Priority was given to recent (2000—2025) systematic reviews, meta-analyses, and randomized

controlled trials.

Results: Preclinical studies consistently demonstrate that berberine improves cognitive function, reduces amyloid-beta
and tau pathology, and attenuates oxidative stress and neuroinflammation. Clinical trials in type 2 diabetes patients
report significant improvements in glycemic control, HbAlc levels, and lipid profiles. Despite its low oral bioavailability,

advances in delivery formulations show promise for enhancing clinical translation.
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Conclusion: Berberine demonstrates broad potential as a functional food with applications in both metabolic and
neurodegenerative care. Its dual effects suggest it may bridge preventive and therapeutic domains, although robust
clinical trials, particularly in dementia, remain lacking. Future research should address bioavailability challenges and

evaluate berberine in larger, diverse patient populations.
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Berberine's Functional Food Profile
& Applications

Growing Health
Challenges

Alzheimer’s and diabetes
are climbing worldwide,
while current treatments
mainly manage symptoms
without addressing disease
progression.

Functional Food
Framework

FFC 17-step model,
berberine maps well as a
potential functional food,

though barriers appear in its
delivery and large scale
demonstrations.

(http://creativecommons.org/licenses/by/4.0)

©OFFC 2024. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License

Berberine as a Dual-
Therapy Candidate

Plant-derived alkaloid that
shows anti-inflammatory
and antioxidative effects
that benefit cognitive and
metabolic health.

Future Directions
and Goals

Large clinical trials
and improved delivery
systems are needed
before berberine can
move from theory to
mainstream use

INTRODUCTION

Alzheimer’s disease (AD) makes up an estimated 60-80%
of dementia cases, making it the most common cause of
dementia [1]. Existing treatments like cholinesterase
inhibitors (donepezil) and NMDA antagonists alleviate
symptoms, but they fail to pause or reverse AD
progression [2]. Most interventions provide limited

benefits in advanced stages and can pose adverse effects.

Type 2 diabetes mellitus (T2DM) makes up around
90-95% of the 38 million diabetes cases in the United
States and is a major contributor to morbidity and
cardiovascular disease [3]. Current treatments like statins
and fibrates can effectively manage blood glucose and
lipid levels, but they can often carry adverse effects and
do not address the varied nature of these conditions

[4,5].
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T2DM is increasingly recognized as a risk factor for
AD, with insulin resistance serving as a key link between
the two diseases. Chronic metabolic dysfunction in T2DM
promotes oxidative stress, disrupts neuronal signaling
pathways, and favors the buildup of amyloid-B and
hyperphosphorylated tau, which contributes to the onset
and progression of AD [6]. Therefore, there exists a desire
for interventions that target both metabolic and
neurodegenerative pathways. Nutraceuticals, as defined
by the Dietary Supplements and Nutraceuticals Journal,
are “foods, or parts of food, such as isolated nutrients,
food supplements, herbal products, extracts, and
processed food products, that provide health benefits to
individuals and can aid in the prevention and treatment
of diseases.”[7] Berberine is one such candidate,
extracted from plants such as Berberis vulgaris, that
holds a variety of effects. Over the past two decades, with
its history in traditional medicine, berberine’s capabilities
as an antioxidant, anti-inflammatory, metabolic
enhancer, and neuroprotective agent have all prompted
further investigation into its feasibility as a dual-domain
therapeutic [8,9].

This paper explores the proposition that berberine
fits the functional food model provided by the Functional
Food Center (FFC) for the prevention and management of
AD and metabolic diseases. This will be done by applying
a 17-parameter framework to systematically assess

berberine’s pharmacological and practical profile.

METHODS
A literature review was conducted using PubMed,

Scopus, and FFHDJ.com databases using combinations of

”u ” u.

keywords: “berberine,” “Alzheimer’s,” “dementia,” “type
2 diabetes mellitus,” “dyslipidemia,” “metabolic
disease,” and “clinical trials.” Priority was given to recent
(2000-2025) systematic reviews, meta-analyses, and
randomized controlled trials. The review focused on
evidence for berberine’s efficacy, safety, clinical

applications, and delivery systems.

Page 202 of 210

RESULTS

15-Parameter Evaluation of Berberine: In line with the
Dietary and Supplements and Nutraceuticals Journal’s
definition for nutraceuticals, 15 parameters were
selected to determine berberine’s practicality and
pharmacological effects based on a similar analysis of
metformin [10]. Together, these parameters seek to
demonstrate berberine’s potential as both a dietary
supplement and therapeutic agent. By applying these
criteria, researchers can better understand where
berberine stands in the range between natural remedies

and clinically-applied medicines.

1. Side Effects: Berberine is tolerated well at standard
doses and has shown low toxicity and minimal side
effects in animal studies. The most common issues
associated with its use are transient gastrointestinal
symptoms such as diarrhea, constipation, and
abdominal discomfort [11,12]. No severe side effects
have been consistently associated with berberine
use at therapeutic doses, although risks of toxicity
are higher when using injection versus oral methods
of administration [13].

2. Contraindications: Because berberine is cleared by
the liver and excreted via bile along with feces and
urine, contraindications could include severe hepatic
or renal impairment [11].

3. Route of Administration: Berberine is typically
administered orally, but due to its low bioavailability,
various other methods of administration are being
explored. However, some methods like intravenous
delivery have concerns for serious side effects (drop
in blood pressure, respiratory arrest), so most clinical
trials opt for oral administration [12,14-15].

4. Half-life: Pharmacokinetics studies of berberine
report a range of half-life values depending on
dosage size and method. Early studies suggest a
short half-life, particularly after oral dosing.[16]

However, more recent studies in both animal and
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human subjects indicate that berberine has a
relatively longer half-life at around 20 hours [14,17].
Pharmacokinetics:  After oral administration,
berberine reaches its highest tissue concentrations
in the liver, followed by the kidneys [18]. It then goes
through rapid phase | and Il metabolism in the liver
and intestinal wall, resulting in a range of
metabolites. It is finally excreted from the body
mostly through feces but also less in urine, however
research has shown it to be dependent on
pathological conditions [11,19].

Drug Interactions: Berberine could enhance the
effect of hypoglycemic agents, antihypertensives,
and anticoagulants [20]. Patients using these drugs
physiologic tolerance or dependence has been
reported for berberine.

Cost and Accessibility: Berberine is inexpensive and
available over the counter in many countries as a
dietary supplement. It can be produced at scale from
multiple plant sources, which makes it an accessible
option for widespread use [21].

Indications: The medical conditions or diseases for
which berberine is prescribed, which traditionally
have been gastrointestinal and metabolic disorders
[22]. However, recent preclinical studies and reviews
highlight indications for neuroprotection, AD,
Parkinson’s disease, stroke, and psychiatric disorders
[23].

Efficacy vs. Safety: Preclinical studies consistently
show efficacy in improving cognitive deficits,
reducing amyloid and tau pathology, suppressing
oxidative stress and microglial activation, and
improving synaptic function [24]. In clinical trials,
T2DM  patients  experienced a  significant
improvement in glycemic control and HbA1c levels.

A randomized clinical trial on 113 participants with

T2DM resulted in siginificantly lower hemoglobin
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100 people saw a significantly greater reduction in

liver fat content after wuse of berberine
ursodeoxycholate [26]. Berberine’s safety has been
regularly proven at tested doses and demonstrates a
wide therapeutic window [27].

Patient Demographics: Most clinical research
focuses on adults with metabolic disease with a
particular focus on T2DM. Participants are mostly
healthy aside from their primary metabolic condition,
which may limit generalizability to more complex
patient populations. Elderly patients, particularly
those with AD or multiple comorbidities, are
underrepresented in clinical studies.

Bioavailability: One of berberine’s main weak points
is its exceptionally low oral bioavailability (<1%) due
to poor intestinal absorption [28]. Advances in
formulation (nanoparticles, liposomes) to overcome
this weak point show promise but remain
experimental [23]. Clinical translation of these
technologies is required.

Therapeutic Index: Berberine’s therapeutic index is
broad, with toxicity at doses much higher than
recommended dietary or supplement intake [27].
Drug and Food Interactions: Currently, there is little
evidence for foods that necessitate strong avoidance
when taking berberine.
Adherence/Compliance: As a  supplement,
compliance is subject to patient motivation. Daily,
multiple-dose regimens and possible Gl upset may

affect adherence. Improved formulations (fewer

doses, better tolerability) could enhance compliance.

DISCUSSION

Berberine Within Functional Food Science: Berberine

belongs to a growing group of functional foods that are

increasingly linked to preventive health strategies,

particularly in their role of diabetes management [29].

The FFC defines functional foods as “Natural or processed

Alc levels after 12 weeks of berberine

foods that contain biologically-active compounds; which,

ursodeoxycholate [25], while another phase 2 trial of in defined, effective, non-toxic amounts, provide a
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clinically proven and documented health benefit utilizing
specific biomarkers, to promote optimal health and
reduce the risk of chronic/viral diseases and manage their
symptoms.”[30] Although berberine is more commonly
thought of as a drug supplement rather than a typical
food, its properties align with the FFC's conceptual
structure of a functional food where bioactive
compounds are evaluated for their relevant health
benefits. Similar studies, such as analyzing Acacia bark-
derived proanthocyanidins’ role in visceral fat loss,
comparably place derivative compounds in the role of a
functional food, based on their effects on the participants’
health [31]. In this context, berberine’s antioxidant and
anti-inflammatory mechanisms correspond to measured
biomarker outcomes (reductions in oxidative stress and
improvement in glycemic control).

It is important to acknowledge that the FFC,
although it allows processed foods, does not consider
pills or capsules as part of its “food” definition [32].
Instead, food is defined as being a component of a
normal diet for optimized nutrition. This distinction
emphasizes the FFC’s values in incorporating beneficial
bioactive compounds that may not initially be considered
“food” into regular diets as a frontline preventative
measure rather than reserving them for clinical
medications [33]. A comparable study analyzing
eucalyptus leaf extract containing oenothein B was
evaluated in a 12-week randomized, double-blind trial
with 198 subjects [34]. Administration of the powdered
eucalyptus leaf extract at 3.38mg equivalent of
oenothein B per day resulted in significantly reduced
visceral fat area, waist circumference, and BMI in healthy
adults consuming fructose-rich diets. This integration of
bioactive compounds into daily diets that don’t restrict
them to pharmaceuticals can thus produce measurable
health benefits consistent with the FFC’s functional food
philosophy. By presenting berberine not simply as a drug
but as a supplement that can be included with regular
foods, it may improve accessibility and long-term use.

The nature of functional foods, being long-term
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consumption, aligns with the gradual progression of
chronic diseases [35]. For example, a study analyzing the
extended administration (12 weeks) of a highly
bioavailable formulation of curcumin (TS-P1) in healthy
adults established long-term safety for the bioactive
compound through daily dietary intake [36]. This
reinforces the ability of bioactive compounds like
berberine and curcumin to play a more dietary role than
solely a medication. In such a manner, the functional
food model shifts the focus of bioactive compounds like
berberine from treating symptoms after onset to
preventing their emergence through dietary intervention.
However, functional foods and their bioactive
compounds in general have not been limited to the
preventative space, as many are investigated as
adjunctive interventions in populations already
experiencing metabolic conditions. A recent study
examining the effects of a dietary compound tablet
containing cinnamon, chromium, mulberry leaf, zinc, and
selenium on hyperglycemic mouse found a significant
decrease in fasting blood glucose levels for medium
(133.34 mg/kg) and high (400 mg/kg) doses (18.3% and
24.7% respectively), demonstrating the bioactive
compound’s potential in an adjunctive treatment [37].
Overall, framing berberine through the lens of functional
food science expands its potential to contribute to
chronic disease management and shifts its role from only
a medical supplement to a bioactive component of the

daily diet.

15. should be monitored and have their dosages
adjusted in conjunction with berberine.

16. Tolerance and Dependence: No evidence of

Functional Food Center (FFC) Framework Analysis: For
introducing these functional foods into public markets,
the FFC establishes a 17-step framework that guides the
evaluation and eventual recognition of functional foods
through assessments of bioactivity, efficacy, safety,
pharmacokinetics, epidemiology, and market potential

138].
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Table 1. FFC’s 17-step framework for inducting a functional food.

Step Number Description of Steps to Create Functional Food Products

1 Establishes a goal of the functional food product

2 Determines relevant bioactive compound(s)

3 Establishes the appropriate dosage of bioactive compound(s)

4 Establishes the appropriate time of consumption of bioactive compound(s)

5 Determines the specific pathway and mechanism of action

6 Establishes relevant biomarker(s)

7 Chooses an appropriate food vehicle for bioactive compound(s)

8 Provides preclinical studies on efficacy and safety

9 Provides clinical trials for dosage, efficacy, and safety

10 Creates a special label that informs consumers of the most effective way to consume the product
11 Publications are submitted to peer-reviewed journals, preferably in open access

12 Educates the general public

13 Sends information to credible governmental agencies, such as the FDA, for approval

14 Official establishment of the accredited functional food product

15 Release the functional food product to the market (Receive the basic category [level C])
16 Provides epidemiological studies (Reapply for the approval for a new category [level B])
17 Provides after-market research. (Reapply for the approval for a new category [level A]).

Berberine’s potential as a functional food begins
with two therapeutic goals, primarily as a treatment for
metabolic diseases, mainly T2DM, and secondarily
addressing neurodegeneration and cognitive decline
associated with AD (Step 1). The active compound
responsible for these effects is berberine itself, as a
bioactive alkaloid derived primarily from plants such as
Rhizoma coptidis and Berberis species (Step 2). Dosages
for trials typically range between 500 and 1,500 mg daily,
[12,39] but further research is necessary to determine a
dosage size and timing that has an optimal impact on the
nervous system and metabolic regulation (Step 3, 4). In
order to exhibit its antioxidative, anti-inflammatory, and
metabolic effects, berberine operates through multiple
biological pathways. Studies have found that berberine
increases superoxide dismutase, an antioxidant enzyme
that catalyzes the conversion of superoxide radicals,
which play an essential role in reducing oxidative
stress.[40] The alkaloid activates the AMP-activated
protein kinase (AMPK) pathway, which enhances glucose
uptake and improves insulin sensitivity [41]. Additional

mechanisms include increasing glucagon-like peptide-1

secretion and suppressing pro-inflammatory signaling, all
of which contribute to improving glycemic control and
lipid metabolism [42]. By selectively inhibiting protein
expression (gp91phox), berberine restores cellular redox
balance and reduces superoxide production in
macrophages [43] while enhancing antioxidant enzyme
activities [44]. These actions mitigate oxidative-stress-
induced cytotoxicity and brain injury (Step 5). In assessing
berberine’s efficacy, biomarkers such as retention in
synaptic density [45] and reduction in AR levels [46] have
been identified as indicators for its neuroprotective
potential. Berberine administration has also been shown
to significantly reduce the content of several lipid
biomarkers, including CE (16:1), HexCer (D18:1/19:0),
and PE(P-20:0_18:1) (Step 6) [47].

Since berberine is not typically consumed
significantly in food and is instead obtained as an extract
from plant matter, Step 7 is not directly applicable.
However, due to its poor oral bioavailability [39], efforts
to explore different delivery vehicles have vyielded
developments in nanoparticle [48] and hydrogel-based

formulations [49]. Although there is substantial data for
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berberine’s efficacy and safety in preclinical models [44]
(Step 8), there is a lack of large-scale, phase 3 clinical
trials, especially targeting AD patients. In comparison,
larger clinical trials (n >= 100) have been primarily based
on T2DM [26,50,51] and psychiatric disorders [52] (Step
9). Due to its lack of a food vehicle, as mentioned in Step
7, there is a notable gap in consumer-directed
communication, although specialized labeling for optimal
dosage will be easier to obtain after more effective and
defined pathways to delivery are established (Step 10).
Nonetheless, abundant peer-reviewed publications
bolster the scientific credibility and transparency
surrounding berberine (Step 11).

Steps 12 through 17 remain largely unattainable at
this stage due to the incomplete progression of earlier
steps. Without a tested, viable delivery method and

large-scale trials demonstrating both efficacy and safety
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in addressing both metabolic and neurodegenerative
conditions, public education campaigns shouldn’t take
place to avoid the risk of spreading misleading health
claims (Step 12). The lack of large-scale clinical data is
also an obstacle to Step 13, since submission to
governmental agencies like the FDA for approval (Step
13) requires robust clinical data demonstrating the
compound’s effectiveness. Unlike compounds such as
curcumin that have been under GRAS review multiple
times, berberine lacks an established regulatory pathway
as a functional food. Its poor bioavailability further
complicates approval compared to compounds that have
recognized delivery formulations. Similarly, Steps 14 to
17 cannot be completed without establishing prior
foundations. Overall, berberine meets several key criteria
that currently map it to the early to mid-stages of the FFC

17-step framework.

Table 2. Comparing berberine’s roles in metabolic and neurodegenerative disorders.

Category Reported Effects Key Mechanisms

Metabolic Disorders (T2DM, . Lowers fasting blood glucose and . AMPK activation [41]

hyperlipidemia, metabolic HbAlc [37] . Lipid-lowering activity [47]

syndrome) . Improves insulin sensitivity [41]

Neurodegenerative Disorders (AD, . Reduces amyloid-beta aggregation and . Inhibition of amyloid-beta aggregation [46]
dementia) improves synaptic [24, 46] . Reduction of tau hyperphosphorylation [24]

. Attenuates oxidative stress and

neuroinflammation [24, 40]

Future Directions: The most immediate challenge is
determining whether the neuroprotective capabilities of
berberine observed in animal models [53-56] translate to
human populations. While phase 2 trials focused on
T2DM have shown promising results in relatively larger
human populations, like lowering glycated hemoglobin
[51], the optimization of dosage sizing, delivery methods,
and timing will be necessary to translate the anti-
inflammatory neuroprotective effects seen in animal
testing. Further advances in nanoparticle or other
delivery systems will also be necessary, since berberine’s
notably low bioavailability will be a substantial obstacle

to establishing its real-world practicality.

Progress depends on the execution of more large,
well-designed Phase Il and Il randomized controlled
trials that evaluate efficacy, safety, and dosing for
individuals diagnosed with AD and T2DM across diverse
populations and disease stages. Additionally,
comparative trials with existing neurodegenerative
therapies, for example donepezil or memantine, should
be conducted to determine berberine’s role as a viable,
competitive alternative treatment. Addressing these
gaps will be essential to move berberine from theoretical
to a clinically validated and widely accessible

intervention.
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Novelty: This study's novelty lies in its comprehensive
evaluation of berberine as a potential functional food for
AD and metabolic disorders. It uniquely applies a 17-
parameter framework from the Functional Food Center
to systematically assess berberine's pharmacological and
practical profile, synthesizing evidence for its use in AD
and type 2 diabetes mellitus therapy. The research also
highlights berberine's antioxidative, anti-inflammatory,
and metabolic effects, mapping its development pathway

as a functional food using the FFC framework.

Practical Implications: This study provides a structured
approach to evaluating the potential of natural
compounds like berberine for addressing complex health
issues such as AD and T2DM, and helps guide future
research in validating functional food candidates that
may provide alternative treatments to chronic diseases.
The exploration and integration of functional foods could
reduce the reliance on modern treatments that may fail
to target underlying disease progression, are too
expensive for frequent usage, or are accompanied by
undesirable side effects. This mini-review highlights
berberine's potential as an accessible dietary supplement
that supports cognitive and metabolic health and its
therapeutic implications against chronic diseases like

T2DM and AD.

CONCLUSION
Berberine embodies many characteristics that define a
functional food for metabolic and neurodegenerative
diseases. Preclinical evidence reveals that administration
of berberine is safe and multi-targeted in its effects, but
is greatly hampered by its lacking bioavailability. By
suppressing core pathological features, animal models
support its neuroprotective efficacy in mitigating AD.
However, practical implementation is mainly constrained
by low bioavailability, and the limited large-scale clinical
data in human AD populations.

Applying the FFC 17-step framework to berberine

reveals both strengths and shortcomings. While
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berberine excels as a functional food candidate, use of
the FFC’'s 17-step framework to systematically evaluate
its path from bioactive compound to functional food
product demonstrates that it is not yet ready for
mainstream therapeutic use without further high-quality
human evidence. The next steps in berberine’s
development will require large, well-powered clinical
trials and novel methods of delivery to determine
whether it can fulfill a role as a practical means to support

cognitive and metabolic health.

Abbreviations: Alzheimer’s Disease (AD); AMP-activated
protein kinase (AMPK); type 2 diabetes mellitus (T2DM)
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