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Abstract

Background Huperzine A, a naturally derived compound, has garnered interest for its capacity to inhibit cholinest-
erase with multifaceted neuroprotective effects and is obtained from Huperzia serrata (Chinese club moss plant). This
review highlights its pharmacological potential in the treatment of neurodegenerative disorders, particularly Alzhei-
mer’s disease (AD). Huperzine A was used in various neurological conditions in traditional Chinese treatments.

Findings Acetylcholinesterase is responsible for the breakdown of acetylcholine, a neurotransmitter critical for cog-
nitive functions such as memory, learning, and attention. Huperzine A exhibits neuroprotective effects by preserv-
ing acetylcholine levels, and also offers antioxidant and anti-inflammatory benefits. These pharmacological actions
suggest a potential role in modifying disease progression in AD and vascular dementia (VD). Although preclinical
and clinical studies have demonstrated promising cognitive benefits, discrepancies in outcomes still exist. While con-
sidered safe at therapeutic dosages, excessive intake may lead to adverse effects, e.g., nausea, diarrhea, and muscle
cramps.

Conclusion Research on its effectiveness in various neurological conditions is ongoing, and its use should be
approached with caution and professional guidance.

Keywords Huperzine A, Neuroprotection, Acetylcholinesterase (AChE), Alzheimer’s disease, Herbal drug, Traditional
medicine, Neurotransmitters

1 Introduction numbers, this suggests that in 2021, roughly 34 to 40 mil-

Alzheimer’s disease (AD) and other forms of neurode-
generative disorders like vascular dementia (VD), posed
significant challenge to public health due to the progres-
sive decline in cognitive function [1]. AD is the most
prevalent form of dementia, accounting for 60-70%
of cases globally and based on the overall dementia

*Correspondence:

Suvaiv

suvaiv@student.iul.ac.in

Kuldeep Singh

kulintegral@gmail.com

!Integral University, Lucknow, India

2 Shree Krishna College of Pharmacy, Sitapur, India

@ Springer Open

lion people worldwide may have had Alzheimer’s disease,
[2] with projections indicating an increase to 22.51 mil-
lion cases by 2033, reflecting an annual growth rate of
4.08% [3]. It is the most prevalent form of dementia, is
characterised by the degeneration of cholinergic neurons,
accumulation of B-amyloid plaques, and the formation
of neurofibrillary tangles, leading to significant cogni-
tive decline. Unlike, VD is the second most common
form of dementia and primarily arises from cerebrovas-
cular insufficiencies, resulting in ischaemic damage and
impaired neuronal function [4]. Acetylcholine in cho-
linergic signaling, crucial for cerebral blood flow, neu-
ronal communication, and neuroplasticity. Damage to
brain blood vessels in Vascular Dementia (VD) disrupts
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cholinergic pathways, particularly in areas like the basal
forebrain. This leads to reduced acetylcholine levels, mir-
roring the cognitive decline seen in Alzheimer’s disease,
and the severity of this decline is linked to the degree of
cholinergic dysfunction [5].

Depletion of acetylcholine is a major pathological hall-
mark of both the condition. Huperzine A combined with
hyperbaric oxygen has a synergistic effect on improved
cognitive function and reduced serum hypoxia-inducible
factor-la (HIF-1a) levels in elderly patients with vascu-
lar dementia, suggested enhanced neuroprotection and
improved cerebral oxygenation [6]. Alongside acetyl-
choline depletion, AD pathology also involves B-amyloid
plaque accumulation, neurofibrillary tangles, synaptic
dysfunction, and progressive neuronal loss [7].

Acetylcholinesterase (AChE) inhibitors have been
widely explored as therapeutic agents to slow cognitive
decline by preventing the breakdown of acetylcholine [8].

A newly discovered Lycopodium alkaloid with estab-
lished medical benefits is called Huperzine A (HupA).
It is potent, reversible, and specific acetylcholinester-
ase inhibitor, extracted from the Chinese herb Huperzia
serrata (Fig. 1) and its cognitive improvement effect has
been proven in various animalstudies [9-11].

Study conducted in China, have shown that HupA,
when compared to other Acetylcholinesterase Inhibi-
tor (AChEI) now in use, dramatically reduces peripheral
cholinergic adverse effects while enhancing memory defi-
cits in older adults and individuals experiencing benign
senescent forgetfulness [12].
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Fig. 1 Huperzine A (Huperzia serrata), a natural acetylcholinesterase
inhibitor (AChEI)
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HupA’s protective benefits are linked to its ability to
reduce oxidative stress [13], regulate apoptotic proteins
(Bcl-2, Bax, P53, and caspase-3), shield mitochondria,
and obstruct APP. It protected cells from ischemia, gluta-
mate, f-amyloid protein (or peptide), hydrogen peroxide,
and staurosporine-induced cytotoxicity and apoptosis
[14]. Although the exact cause and method of neuronal
death in Alzheimer’s disease are still unknown, AP has
been shown to have a crucial role in the pathophysiology
of the disease. Even with its complex etiology, genetics is
a major factor in the course of the illness [15].

Acetylcholinesterase (AChE) is strongly, selectively, and
reversibly inhibited by the active principle, HupA [16]. Its
inhibitory potency AChE is on with or more potent than
that of tacrine, galanthamine, donepezil, and physostig-
mine [17, 18].

The multifaceted pharmacological profile of HupA
underpins its potential to serve not only as a sympto-
matic treatment but also as a disease-modifying agent
in neurodegenerative conditions [19]. Despite its thera-
peutic efficacy, the clinical application of Huperzine A
remains an area of active research, with studies assessing
its efficacy, optimal dosage, and long-term safety [20].
This article aims to review the pharmacological proper-
ties of Huperzine A, its therapeutic potential in neurode-
generative conditions and the current state of research on
its efficacy and safety.

2 Chemistry and structure of Huperzine A

Huperzine A is an alkaloid found in nature that is a
member of the sesquiterpene chemical class [21]. Its
molar mass is roughly 242.32 g/mol, and its chemical
formula is C;;H;gN,O. Huperzine A is distinguished
by its distinct and intricate structure (Fig. 2), which
includes a tetracyclic ring system that has fused. A fused
5,6,9,10-tetrahydro-1H,5H,10H-5,10-ethano-1,3-diaza-
cycloocta [1,2-b] quinoxaline moiety makes up the core
moiety of the compound [22]. It occurs naturally as a

NH,

Fig. 2 Chemical structure of Huperzine A
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combination of stereoisomers and enantiomer with the
(S)-configuration, (—)-Huperzine A, is frequently the
most prevalent biologically active form [23]. Two distinct
side chains are present in huperzine A: an ethyl group
(—C2H5) and a methoxy group (-OCHS3). At position
eleven, the side chain is fastened to the quinazoline ring.
Huperzine A has a bicyclic quinazoline ring that is made
up of a pyrimidine ring, in which two nitrogen are fused
within a benzene ring [24]. One more addition completes
the tetracyclic structure: a ring with six members. Poten-
tial hydrogen bonding sites are provided by the nitrogen
atoms in the quinazoline ring, which may aid in interac-
tions with biological targets. Different stereoisomers can
result from isomerization at the side chain’s double bond.
Understanding Huperzine A’s precise chemical makeup
is essential to understanding its pharmacological effects,
particularly its function in the central nervous system as
an acetylcholinesterase inhibitor [25]. Its unique interac-
tions with biological targets involved in neuroprotection
and cognitive function are partly explained by the intri-
cacy of its structure.

3 Reported pharmacological properties

of Huperzine A
Huperzine A and its derivatives exhibit several phar-
macological activities (Fig. 3), including potent ace-
tylcholinesterase (AChE) inhibitory activity [26, 27].
Huperzine A demonstrates neuroprotective proper-
ties, protecting neurons from oxidative stress and
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excitotoxicity, which may help preserve cognitive func-
tion [28]. It possessed anti-inflammatory effects by
modulating inflammatory pathways, contributing to
reduced neuroinflammation implicated in neurological
disorders [9]. Its antioxidant activity alleviates oxida-
tive brain damage, providing further neuroprotective
benefits [29]. Huperzine A alleviates oxidative brain
damage through direct free radical scavenging and by
enhancing endogenous antioxidant defense systems
(e.g., superoxide dismutase, catalase, glutathione per-
oxidase), thereby protects neuronal lipids, proteins, and
DNA from oxidative damage. This contributes to over-
all neuroprotection by preserving neuronal integrity
and function in conditions associated with increased
oxidative stress, such as traumatic brain injury, neu-
rodegenerative diseases, and stroke [30]. It inhibited
the formation of beta-amyloid plaques, addressing
Alzheimer’s disease and other neurodegenerative con-
ditions. Huperzine A has been reported to increase
nerve growth factor levels, supporting neurogenesis
and neuronal survival, with potential applications in
nerve regeneration [31]. It also has potential to show
anticonvulsant properties by modulating cholinergic
neurotransmission, influencing central nervous sys-
tem excitability [32]. While these findings highlight the
promising pharmacological activities of Huperzine A,
further study is needed to fully validate its mechanisms
of action and pharmacological potential in various
neurological conditions. Its use should be approached

Acetylcholinesterase Inhibition:

Improved NGF Levels:

1 Nerve Growth Factor
Neurogenesis & neuronal survival [26]
[34-36]

Anticonvulsant Effects:
Modulates central nervous
system excitability

[32]

Anti-Amyloidogenic Effects
Inhibits beta-amyloid plaque

formation Antioxidant Properties:

TAcetylcholine levels
Improved cholinergic neurotransmission

Cognitive Enhancement:

Enhances memory & cognitive functions
Alzheimer's & cognitive decline research
(27]

Neuroprotective Effects:
Protects neurons from oxidative stress
and excitotoxicity [30]

Anti-inflammatory Activity:

[31] Alleviates oxidative brain damage Reduces neuroinflammation

(29]

Fig. 3 Various pharmacological properties shown by Huperzine A

9]
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cautiously, with consultation from healthcare profes-
sionals due to potential side effects and drug interac-
tions [33].

3.1 Cholinergic effects of Huperzine A

HupA has been tested for cholinesterase inhibition, in
comparison to other AChE inhibitors used for AD treat-
ment; HupA demonstrated potency that was equal to or
greater in both in vitro and in vivo assays [37]. Regard-
ing Half Maximal Inhibitory Concentration (ICs) values,
HupA was more effective at inhibiting AChE activity than
tacrine, physostigmine, galantamine, and rivastigmine.
However, HupA was the weakest inhibitor of Butyryl-
cholinesterase (BuChE) among those tested [8]. The
BuChE:AChE ICg ratio for HupA was significantly higher
than that of the other four inhibitors. AChE inhibition by
HupA was consistent across various sources. Acetylcho-
linesterase (AChE) exists in multiple structural forms,
which are categorized based on subunit associations and
hydrodynamic properties [38, 39]. The monomeric form
of AChE (G1, 4S) is present in smaller amounts in the
mammalian brain, while the predominant form is tetra-
meric (G4 form, 10S) [40, 41]. This observation prompted
researchers to explore whether HupA could differentially
inhibit various forms of acetylcholinesterase (AChE) [42]
(Fig. 4).Findings indicated that HupA exhibited a prefer-
ence for inhibiting the tetrameric acetylcholinesterase
(G4 form) whereas tacrine and rivastigmine showed a
preference for inhibiting the monomeric AChE (G1 form)
[28]. In the striatum and hippocampal regions, donepezil
displayed strong selectivity for G1 AChE, although this
selectivity was not observed in the cortex. Physostigmine
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did not exhibit any form-selectivity in any brain region
[44]. Huperzine A (HupA) exhibits multiple neuroprotec-
tive mechanisms (Fig. 5). It also interferes with amyloid
precursor protein (APP) processing, reducing AP accu-
mulation (Fig. 4). These combined effects contribute to
its therapeutic effect in neurodegenerative disorders.

3.2 Apoptosis inhibition effect of Huperzine A

Beyond its acetylcholinesterase (AChE) inhibition, exhib-
its notable anti-apoptotic effects, HupA’s anti-apoptotic
effects result from its capacity to suppress the genera-
tion or actions of reactive oxygen species (ROS) [45],
regulated apoptosis through the Bcl-2 family of proteins,
where high levels of Bcl-2 prevent apoptosis, while pro-
teins like Bax promote it [46]. HupA appears to influence
these proteins, reduced apoptosis-associated markers
like Bax and p53 and increased Bcl-2 levels (Fig. 6) [47].
It inhibited caspase-3 activation, reduces Ap-induced
caspase-3 activity in neurons, and contributed to its neu-
roprotective effects [48]. Pre-incubating cells with HupA
before H,O, exposure, significantly reduced apoptosis
and restored normal levels of Bcl-2, demonstrated its role
in countering oxidative damage [46].

3.3 Neuroprotective role of Huperzine A via PKC-mediated
APP processing in hypoxic-ischaemic brain injury
HupA upregulates Protein Kinase C (PKC), particularly
PKCa, affected the amyloid precursor protein (APP)
processing (Fig. 7). A VD model is established in rats
by permanent common carotid arteries (CCA) ligation,
caused cerebral ischemia, reduced blood flow, cognitive
impairment, and neuronal damage [27] Daily oral HupA
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Fig. 4 Disease-modifying capabilities of Huperzine A in neurodegenerative disorders, nAChR; nicotinic acetylcholine receptor
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Enhances antioxidant enzymes

(catalase (CAT), glutathione peroxidase
(GSH-PX), and superoxide dismutase (SOD))

Reduces ROS & oxidative damage

Increases ATP levels

decrease amyloid-beta-binding alcohol
dehydrogenase (ABAD)enzymes
Maintains mitochondrial homeostasis

Regulates Ca? influx via N-methyl-D-
aspartate receptor (NMDAR)

Prevents glutamate-induced toxicity
through the phosphoinesitide 3-
kinase/protein kinase B/mammalian target
of rapamycin (PI3K/Akt/mTOR) pathway.

Reduces neuroinflammation

Decreases NOD-like receptor protein 3
(NLRP3), tumour necrosis factor-alpha
(TNF-a), and interleukin-1 beta (IL-18)
through inhibition of the nuclear factor
kappa-light-chain-enhancer of activated B
cells (NF-7B) pathway.

Fig. 5 Miscellaneous neuroprotective mechanisms of Huperzine A in AD

(0.1 mg/kg) for 14 days restored hippocampal choline
acetyltransferase activity and normalized superoxide dis-
mutase (SOD), lipid peroxide, lactate, and glucose levels
[49]. A study involving rats infused with B-amyloid pro-
tein-(1-40) (AP 1-40) and human embryonic kidney
293 (HEK293sw) cells, daily administration of HupA
for 12 days significantly reversed the Af 1-40-induced
down-regulation of secretory Amyloid Precursor Protein
(APP) and PKC [50]. Results suggested that HupA have a
positive effect on the non-amyloidogenic pathway of APP
processing. HupA’s intervention in the APP metabolic
pathway has shown primarily through the up-regulation
of PKC, particularly PKCa, which promotes the non-
amyloidogenic processing of APP. This effect may ben-
efit AD, by producing neuroprotective soluble APP alpha
(sAPPa) [51].

In ischaemic stroke, experimental models have dem-
onstrated that Huperzine A attenuates neuronal apopto-
sis by upregulating Bcl-2, downregulating pro-apoptotic
Bax and p53, and inhibiting caspase-3 activation, thereby
preserving mitochondrial membrane potential and pro-
moting neuronal survival under hypoxic conditions [35,
44, 46]. It has also been shown to restore cognitive func-
tion in rats subjected to chronic cerebral hypoperfusion,
a model relevant to vascular dementia and post-stroke
cognitive decline [46]. In the context of traumatic brain

Promotes neurogenesis

Increases nerve growth factor (NGF),
brain-derived neurotrophic factor
(BDNF), beta-catenin (B-catenin), and
soluble amyloid precursor protein-alpha
(sAPPa).

Prevents apoptosis

decreases Caspases, Bel-2-associated X
protein (Bax), tumour protein p53
increases B-cell lymphoma 2 (Bcel-2).

A potent nootropic

Improves cognition,

enhances learning & memory,
provides neuroprotection against AD

injury (TBI), Huperzine A has been reported to reduce
oxidative brain damage, enhance superoxide dismutase
(SOD) activity, and inhibit lipid peroxidation, which are
key contributors to secondary brain injury [52]. The abil-
ity of HupA to modulate glutamatergic toxicity through
NMDA receptor antagonism further supports its poten-
tial in acute CNS injury, where glutamate excitotoxicity is
a major driver of neuronal death. Moreover, its enhance-
ment of protein kinase C (PKC) signalling, especially
PKCa, promotes non-amyloidogenic APP processing and
may benefit long-term synaptic maintenance post-injury
[49].

3.4 Effects of Huperzine A on nerve growth factor

HupA enhances Nerve Growth Factor (NGF) induced
neuron survival and functional recovery, aid in neuro-
degenerative disease treatment. Studies have shown,
HupA promotes neuronal outgrowth in undifferentiated
PC12 cells, enhances NGF expression and secretion,
and increases p75NTR mRNA levels in primary astro-
cytes. Cholinergic mechanisms regulate NGF, supports
cholinergic neuron survival and its decline in aging con-
tributes to neurodegeneration [31, 39]. In vitro studies
using rat PC12 cells have shown that Huperzine A pro-
motes neurite outgrowth and increases NGF secretion
in astrocytes. It upregulates p75 neurotrophin receptor
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Fig. 6 Anti-apoptotic mechanism of HupA. Stress signals (e.g., toxins, hypoxia) initiate multiple interacting signalling pathways, including calcium
ion (Ca”*) matrix influx and c-Jun activation. This modulate tumour protein p53 (P53) and Bcl-2-associated X protein (Bax), leading to mitochondrial
permeability transition, results in transient or prolonged opening of the mitochondrial membrane, causing release of cytochrome ¢

and apoptosis-inducing factors, which promote apoptosis. HupA inhibits caspase-3 and caspase-9 activation, downregulates P53 and Bax,

and upregulates B-cell ymphoma 2 (Bcl-2), thereby mitigating mitochondrial dysfunction. The figure also shows a decrease in mitochondrial
membrane potential (Ay) and the possible involvement of HupA in modulating these apoptotic events

(p75NTR) mRNA expression, plays a crucial role in
NGF-mediated neuronal survival and differentiation [33].
Additionally, by increasing acetylcholine (ACh) levels
through acetylcholinesterase (AChE) inhibition, Huper-
zine A indirectly enhances NGF signalling via activation
of muscarinic ACh receptors, which are known to regu-
late neurotrophic factor release. This cholinergic acti-
vation contributes to synaptic plasticity and supports

cholinergic neuron survival in the ageing brain, a key tar-
get in Alzheimer’s pathology [35].

4 Structure activity relationship of Huperzine A

The Structure—Activity Relationship (SAR) study of
Huperzine A (Fig. 8) is essential for rational design of
derivatives that possess better pharmacological attrib-
utes, such as increased AChE inhibition, enhanced
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transduction and other homeostatic
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Fig. 7 Effect of HupA by intervention to APP metabolic pathway. The diagram illustrates upstream putative mechanisms in sporadic Alzheimer’s
disease (AD), involving altered signal transduction and genetic regulation in familial AD. HupA inhibits acetylcholinesterase (AChE), thereby
increasing acetylcholine (AChT) levels and activating muscarinic acetylcholine (ACh M) receptors. This stimulates protein kinase C alpha (PKCa),
modulating APP processing and reducing -amyloid formation. The resultant effects include prevention of neurodegenerative changes, oxidative
stress, tau protein phosphorylation, apoptotic/necrotic neuronal death, plaque deposition, and inflammatory responses. By maintaining synaptic
function and neurotransmitter levels, HupA reduces synapse loss and cognitive decline, thus potentially preventing functional loss and dementia.
Additionally, HupA supports neuronal network integrity and enhances cholinergic signalling pathways

bioavailability, and decreased side effects. The phar-
macological activity of Huperzine A is closely linked to
its unique structural features. Its tetracyclic structure
and nitrogen-containing heterocycles enhance bind-
ing affinity to acetylcholinesterase (AChE) via hydro-
gen bonding and hydrophobic interactions within the
enzyme’s active site. The presence of methoxy and ethyl
side chains increases lipophilicity, contributing further
to membrane permeability and CNS bioavailability [25,
53]. Additionally, the (—)-Huperzine A enantiomer
exhibits stronger AChE inhibitory activity, indicating
that stereochemistry plays a crucial role in receptor
binding and pharmacodynamics [23].

Researchers continue to explore structural modi-
fications to optimize Huperzine A for therapeutic
applications in conditions associated with cholinergic
dysfunction, such as Alzheimer’s disease and other cog-
nitive disorders [25].

5 Pharmacokinetics of Huperzine A

In both rats and healthy human volunteers, HupA is
quickly absorbed, widely distributed across the body,
and moderately eliminated [54]. On i.v. or oral HupA
in rats, a biphasic decline (distribution phase and an
elimination phase) was seen in the blood levels of
HupA. In mice, 96.9% oral bioavailability was found,
with the highest levels of radioactivity observed in the
kidney and liver. After intravenous administration of
[3H] Only 2.4% of HupA’s radioactivity was recovered
from the faeces, while the majority was detected in the
urine within 24 h [3H]. HupA was excreted partly as its
metabolite and the unchanged compound, as indicated
by paper chromatography of rat urine [54]
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Fig. 8 Structural Components of Huperzine A for better Acetylcholinesterase (AChE) Inhibitory activity

5.1 Comparative profile of Huperzine A with standard
AChE inhibitors

To enhance the robustness of our comparative evaluation
of Huperzine A and standard acetylcholinesterase inhibi-
tors (AChEIs), a systematic literature review was con-
ducted following the PRISMA 2020 guidelines. Searches
were performed across PubMed, Scopus, and Web of
Science databases using the keywords: “Huperzine A
“acetylcholinesterase inhibition,” “ICs,,” “blood-brain
barrier permeability, “bioavailability, and “comparative
studies” Records published between 1995 and 2024 were
screened. Inclusion criteria were: (i) English-language
articles; (ii) studies reporting ICs, values or pharma-
cokinetic data of Huperzine A and comparators; and (iii)
in vitro, in vivo, or clinical studies comparing Huperzine
A with other AChEIs. After removing duplicates and
irrelevant articles, a total of 8 studies were included in
the final analysis. The extracted data were used to con-
struct an updated comparative Table 1 detailing ICs, val-
ues, blood—brain barrier permeability, oral bioavailability,
and key pharmacological insights.

Huperzine A demonstrates a competitive IC;s, for
AChE inhibition compared to tacrine and is more

potent than galantamine. It possesses excellent blood—
brain barrier permeability and notably high oral bio-
availability, especially in rodent models, suggesting
good CNS exposure following oral administration.
These properties, combined with its antioxidant and
neuroprotective mechanisms, support its potential as a
strong candidate in the treatment of neurodegenerative
diseases such as Alzheimer’s.

5.2 Clinical Studies on Huperzine A: efficacy and safety
in alzheimer’s treatment

Huperzine A has been investigated in several clini-
cal studies for its potential benefits in treating Alzhei-
mer’s disease (Table 2) but variations in study design,
sample sizes, dosages, and durations contribute to
inconsistent findings. Most reported adverse events
were mild, moderate, and transient. Robust, large-scale
randomized controlled trials are required to validate
the efficacy and safety of Huperzine A. Some potential
novel combinations with Huperzine A for AD manage-
ment are discussed in Table 3. Some of the clinical tri-
als are discussed here in details;
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Authors Study Type Drug ICso for AChE (nM) BBB Permeability Oral Key Outcomes
Bioavailability
(%)

Wang and Tang [56] In vivo (Rat) Huperzine A 82-112 High ~96.9 High potency; excellent
CNS delivery

Zhang et al. [61] Clinical Trial Huperzine A - High ~96.9 Effective in mild-moderate
AD; mild side effects

Rafii et al. [60] Clinical Trial Huperzine A - High - 400 pg/day improved
cognition at 11 weeks

[58] Review (Human) Donepezil ~6 High ~100 Reversible AChEI; long
half-life

Desilets et al. [57] Review (Human) Galantamine ~600 Moderate ~80-90 Dual mechanism;
less potent than HupA

Wang and Tang [56] In vivo (Rat) Tacrine ~77 High ~30-40 Withdrawn in some coun-
tries due to hepatotoxicity

Wang and Tang [56] In vivo (Rat) Rivastigmine ~4.1 High ~36 Short half-life; dual AChE
and BuChE inhibition

Mak et al. [18, 55] In silico & preclinical Huprines (Tacrine-  <1-10 High - Highly potent hybrids;

Huperzine potential for drug develop-
hybrids) ment

Clinical data for Huperzine A show cognitive improvements at doses of 300-500 pg/day with mild adverse events

Preclinical ICs, values of HupA are competitive with standard inhibitors

Compared to galantamine and tacrine, HupA exhibits superior safety, BBB penetration, and neuroprotective effects

Data collected via PubMed and Scopus (search terms: “Huperzine A", “AChE inhibition’, “ICs,", “Alzheimer’, “bioavailability”) from 1995 to 2024

Table 2 Clinical trial data of Hup A in AD treatment

Sample Size Duration Dosage Cognitive Function ADL improvement Adverse events Comparison to References
Improvement placebo
(MMSE)

210 16 weeks 200 ug BD No significant No significant Mild to moderate,  HupA > Placebo [59, 60]

and 400 pg BD improvement transient adverse at 400 ug BD

at 200 ug BD; events
400 g BD showed
improvement
at 11 weeks
but not at 16 weeks

202 8-12 weeks 200 g daily Significantimprove-  Significantimprove- No severe adverse ~ HupA> Placebo [61]
mentat 8, 12, ment at 6, 8, events reported
and 16 weeks and 12 weeks

131 12 weeks 400 mg/day Significantimprove-  Significantimprove- No severe adverse  HupA>Placebo [64]
mentat 8, 12 weeks ment at events reported

733 (AD) 8-24 weeks 300-500 g daily Significantimprove-  Significantimprove- Mild to moderate, ~ HupA>Placebo [66]
ment; longer ment transient adverse
durations resulted events
in better efficacy

4RCTs Data  8-24 weeks 300-500 pg daily Significant improve-  Significant improve- Mild to moderate, ~ HupA>Placebo [67]

transient adverse
events

ment ment

MMSE: Mini-Mental State Examination, ADL: Activities of Daily Living scale, RCTs: Randomized Controlled Trials

5.3 Rafii etal. 2011—US Phase Il RCT

Design Multicenter, randomized, double-blind, placebo-
controlled (3-arm dose-escalation) trial. Patients and
raters were blinded; allocation was 1:1:1. [59, 60]

Sample 210 patients with mild-to-moderate Alzhei-

mer’s disease (AD) (mean age ~74-75 years, ADAS-Cog
and Mini-Mental State Examination (MMSE) defined)
were randomized; 177 completed 16 weeks. Participants
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had probable AD (MMSE around 10-26, per ADCS cri-
teria) [60].

Intervention Oral huperzine A, 200 pg twice daily (BID)
or 400 pg BID (total 400 or 800 pg/day), for 16 weeks
[60].

Control Placebo (matched tablets) in a parallel arm
[60].

Outcomes Primary outcome was change in cognitive
function (ADAS-Cog) at week 16 (200 pg vs placebo).
Secondary outcomes included ADAS-Cog (400 pg arm),
MMSE, ADCS-Clinical Global Impression of Change
(CGIC), ADCS-Activities of Daily Living (ADL), and
Neuropsychiatric Inventory (NPI) [60].

Results The 200 pg dose showed no significant change
in ADAS-Cog vs placebo at 16 weeks. In the secondary
analysis, the 400 pg dose produced a statistically signifi-
cant 2.27-point ADAS Cog improvement over placebo at
11 weeks (placebo declined 0.29; p=0.001), but the effect
was not significant at 16 weeks (1.92 vs. 0.34 points;
p=0.07). No significant differences were seen on global
impression (CGIC), NPI, or ADL at either dose. Overall,
the trial “provides Class III evidence” that huperzine A
200 pg BID has no clear cognitive benefit in mild-mod-
erate AD. No serious adverse events were attributed to
huperzine A; common mild side effects (nausea, insom-
nia) were similar in all groups [60].

Limitations Relatively small sample and short duration
limit statistical power. The 3-arm design (two active doses
plus placebo) reduced power per comparison. High drop-
out (33/210) may bias results. The trial only tested two
doses and did not include an active comparator. Results
may not generalize beyond the studied dose/duration.
This U.S. trial had rigorous design but found no defini-
tive benefit at the primary dose. It was later included in
systematic reviews and meta analyses of huperzine A in
AD [59].

5.4 Zhang et al. 2002—Chinese Multicenter RCT

Design Multicenter, randomized, double-blind, placebo-
controlled trial. Patients and investigators were masked
[61].

Sample 202 patients with “possible or probable”
mild-to-moderate AD (Mini-Mental State Examination
(MMSE) 11-26), across 15 centers in China. Baseline
characteristics (age ~ 68 years, equal gender distribution,
mean MMSE =18) were similar between groups [61].

Intervention Huperzine A (marketed as “huperzine
Alpha”) 0.4 mg/day (administered presumably as 200 pg
BID) for 12 weeks. The treatment group also received
vitamin E 200 mg/day (per Chinese AD practice) [61].

Control Placebo tablets (plus 200 mg/day vitamin E,
given to both groups) received equivalent vitamin E, iso-
lating huperzine A vs placebo [61].
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Outcomes Cognitive and functional outcomes were
measured at baseline and 12 weeks. Reported scales
included ADAS-Cog, MMSE, ADAS-Noncog (behavior/
mood), CIBIC-Plus (Clinician 1 Interview-Based Impres-
sion of Change), and ADL scale. Global impression
(CIBIC-Plus) was also assessed [61].

Results The huperzine A group showed statistically
significant improvements. Mean ADAS-Cog improved
by 4.6 points from baseline (p <0.001), versus minimal
change in placebo. Notably, 56.1% of huperzine-treated
patients improved>4 points on ADAS-Cog versus
12.5% on placebo (p<0.001). MMSE rose by 2.7 points
(»<0.001). CIBIC-Plus “improved” (scores 1-3) in 59.2%
vs 40.6% (p=0.01), and ADL>10% improved in 32.7%
vs 17.2% (p=0.01). Behavioral (ADAS Noncog) also
improved significantly with huperzine A (70.0% vs 36.3%
improved; p<0.001). Adverse effects were infrequent
and mild (e.g. peripheral edema, insomnia in~ 3%). The
authors concluded huperzine A “remarkably improves
cognition, behavior, ADL, and mood” [61].

Limitations Concomitant vitamin E (given to both
groups) may confound attribution of benefit solely to
huperzine A. The 12-week duration is short. Methods
reporting is limited (detailed allocation and blinding pro-
cedures not shown). Outcomes are reported primarily
as comparisons to baseline rather than between-group
differences, raising risk of reporting bias. The trial was
published in Chinese and not peer-reviewed in Western
journals. No long-term follow-up data were provided.
Despite positive results, generalizability is uncertain. This
trial and its data were included in later reviews [73] not-
ing modest cognitive/functional gains with huperzine A
but overall low quality of evidence [59].

5.5 Other Chinese RCTs (1995-2003)

Several small Chinese placebo-controlled RCTs exam-
ined huperzine A in AD. These were included in the
review (6 trials, 454 patients) [62]. Key examples include:

Liu et al. [63] (28 pts) Double-blind RCT in 28 mild
AD patients. Patients received huperzine A (0.3-0.4 mg/
day) or placebo (duration not stated in abstract). The trial
reported no significant differences in adverse cholinergic
effects between groups. Cognitive outcomes were not
clearly reported in the abstract; likely small improve-
ments were seen [63].

Xu et al. [64] (131 pts) Double-blind RCT, comparing
0.4 mg/day huperzine A vs placebo for 12 weeks. Report-
edly assessed memory, cognition, behavior. In pooled
analysis [62], this trial contributed data on MMSE,
Hasegawa Dementia Scale, and others. It showed greater
MMSE/ADAS-Cog gains with huperzine, but differences
in some scales (HDS, WMS) did not reach significance
[64].
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Yang et al. [65] (65 pts) Single-center RCT of 0.3 mg/
day huperzine A vs placebo for 16 weeks. A significant
benefit was reported on global dementia stage (CDR):
huperzine A improved CDR scores compared to placebo
(»<0.05). Other cognitive/functional results were not
detailed in the English summary [65].

Summary These Chinese trials generally reported that
huperzine A improved cognitive scores (MMSE, ADAS-
Cog or Chinese equivalents) and ADL more than placebo,
with mild and transient side effects. However, all were
relatively small (28-131 subjects), short (8—-16 weeks),
and often of limited quality. The Cochrane review [62]
noted that only one trial (Zhang 2002) had adequate ran-
domization, and that overall evidence quality was low.
The observed benefits (e.g. 2—3 point MMSE gains or
ADAS-Cog improvements) were modest.

Limitations (general to these trials) Small sample sizes
and short follow-up limited power and assessment of
long-term effects. Many studies were published only in
Chinese without full methodological detail. Blinding and
allocation procedures were often unclear. Several trials
co administered vitamin E or other medicines, confound-
ing attribution of effect to huperzine A. High risk of pub-
lication bias is likely (nearly all published trials reported
positive findings). Adverse events were reported as mild,
but systematic reporting was limited. None of these tri-
als compared huperzine A to standard Western AChE
inhibitors.

6 Safety and side effects of Huperzine A

Huperzine A may interact with medications that affect
cholinergic neurotransmission or have anticholinergic
effects. This includes medications for Alzheimer’s dis-
ease, antipsychotics, and certain medications for gas-
trointestinal issues [73, 74]. Responses can vary among
individuals; some may be more sensitive to its effects,
while others may tolerate it well. Due to limited safety
information in pregnancy and lactation, pregnant or
nursing individuals should consult healthcare profession-
als before using Hup A. Huperzine A, potentially lead
to cholinergic side effects including excessive salivation,
sweating, and muscle twitches [75]. Some individuals
may experience gastrointestinal discomfort, including
stomach pain. Headaches and dizziness at higher doses
or in those sensitive to cholinergic effects, have also been
reported [75]. It may cause insomnia or difficult sleep
and can influence blood pressure, so individuals with
cardiovascular conditions should use it with caution
[59]. It is suggested for individuals considering the use of
Huperzine A to do so under the guidance of a healthcare
professional. Self-medication, especially without proper
knowledge of dosage and potential interactions, can lead
to adverse effects.
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Long-term safety data on Huperzine A, particularly
in elderly populations, remain limited but encourag-
ing. Several clinical trials involving elderly patients with
Alzheimer’s disease or vascular dementia have reported
favourable safety profiles over treatment durations of 8
to 24 weeks, with most adverse events being mild, tran-
sient, and cholinergic in nature (e.g., nausea, dizziness,
gastrointestinal discomfort) [60, 66]. Notably, a large-
scale meta-analysis encompassing over 1,800 elderly
participants indicated no severe adverse events directly
attributed to Huperzine A, even at dosages up to 500 pg
daily [59, 67]. Due to the age-related decline in hepatic
and renal function, and the potential for polypharmacy in
elderly individuals, cautious monitoring is advised. Con-
tinued longitudinal studies and post-marketing surveil-
lance are essential to fully establish the safety of chronic
Huperzine A administration in geriatric populations.

7 Conclusion and future perspectives

Huperzine A, a naturally derived and reversible acetyl-
cholinesterase inhibitor, demonstrates strong neuropro-
tective and cognitive-enhancing effects, particularly in
Alzheimer’s disease (AD). The compound’s preferential
inhibition of the tetrameric AChE form (G4), along with
excellent blood-brain barrier permeability and high oral
bioavailability, distinguish it from conventional AChE
inhibitors. Preclinical models validate its therapeutic
effects in diverse neuropathologies, including hypoxic—
ischaemic brain injury and traumatic brain injury. Com-
binations with agents such as curcumin, memantine,
resveratrol, CoQ10, and probiotics suggest synergistic
potential in enhancing neuroprotection and cognitive
function. The emergence of tacrine—huperzine hybrid
with enhanced potency further highlights the importance
of structure—activity relationship (SAR) optimisation.
Despite encouraging results from early trials, larger and
well-designed randomised studies are needed to confirm
its efficacy, define optimal dosing, and evaluate long-
term safety particularly in elderly and comorbid popula-
tions. Future research should also explore novel delivery
systems to improve brain targeting and investigate bio-
markers for personalised therapeutic approaches. Phase
IV trials and post-marketing surveillance will be essential
to ensure safe clinical translation.

7.1 Limitations

Despite encouraging findings, limitations exist. Many
clinical studies are small, short-term, and vary in qual-
ity, often lacking standard comparators. Long-term safety
data remain limited, particularly in elderly and comorbid
populations. Further well-designed randomized con-
trolled trials are required to confirm its efficacy, optimize
dosing, and assess long-term outcomes.
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