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Abstract
Objective
To identify the presence of unapproved pharmaceutical drugs in
over-the-counter dietary supplements marketed to improve mem-
ory and cognitive function.

Methods
Supplements were identified by searching 2 supplement databases
for products labeled as containing omberacetam, aniracetam, phe-
nylpiracetam, or oxiracetam, 4 drugs not approved for human use in
the United States. Products were purchased online and analyzed
using nontargeted liquid chromatography-quadrupole time-of-
flight mass spectrometry methods.

Results
In the 10 products tested, omberacetam and aniracetam were detected along with 3 additional
unapproved drugs (i.e., phenibut, vinpocetine and picamilon). By consuming recommended
serving sizes, consumers could be exposed to pharmaceutical-level dosages of drugs including a
maximum of 40.6 ± 0.4 mg omberacetam (typical pharmacologic dose of 10 mg), 502 ± 0.8 mg
of aniracetam (typical pharmacologic dose 200–750 mg), 15.4 ± 0.3 mg of phenibut (typical
pharmacologic dose 250–500 mg), 4.3 ± 0.1 mg of vinpocetine (typical pharmacologic dose
5–40 mg), and 90.1 ± 0.7 mg of picamilon (typical pharmacologic dose 50–200 mg). Several
detected drugs were not declared on the label, and several declared drugs were not detected in
the products. For those products with drug quantities provided on the labels, 75% (9/12) of
declared quantities were inaccurate. Consumers could be exposed to up to four-fold greater
than pharmaceutical dosages and as many as 4 unapproved drugs when using individual
products.

Conclusions
Over-the-counter cognitive enhancement supplements may contain multiple unapproved
drugs. The health effects of consuming untested combinations of unapproved drugs at un-
predictable dosages without clinician oversight in supplements are unknown.

Over-the-counter dietary supplements marketed to improve memory and mental focus,
“nootropics,” have become increasingly popular in the United States (US) with hundreds of
millions of US dollars in sales per year. The United States Food and Drug Administration
(FDA) has recently raised concerns that these products may be unsafe and prevent patients
from receiving appropriate diagnosis and treatment.1
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Despite their popularity, the content and safety of cognitive en-
hancement supplements have received limited scrutiny. An
emerging concern is the introduction of unapproved pharmaceu-
tical drugs in nootropic supplements. Some products are openly
labeled with drugs not approved for use in the US. In one recent
example, the drug piracetam was detected in brain enhancement
supplements.2 Piracetam belongs to the racetam family of drugs of
which only levetiracetamhas been approved by the FDA for use in
the US. Piracetam, prescribed in many European countries, was
found to be available in greater than pharmaceutical dosages in
over-the-counter brain boosting supplements.2

In the current study, we analyzed supplements labeled as
containing analogs of piracetam. These analogs have been
studied in Russia, Japan, and elsewhere for the treatment of
dementia, ischemic strokes, traumatic brain injury, and other
neurologic conditions.3,4 Some are available as prescription
drugs in other countries, but none have been approved by the
FDA for use in the US.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The current research did not involve either animal or human
subjects; therefore, protocol approval, clinical trial registra-
tion and patient consents were not applicable.

Supplements listing omberacetam (Noopept), aniracetam, oxir-
acetam, or phenylpiracetam (all analogs of piracetam) as an in-
gredient in either the National Institute of Health’s (NIH)
Dietary Supplement Label Database (ods.od.nih.gov/Research/
Dietary_Supplement_Label_Database.aspx) or the Natural
Medicines Database (naturalmedicines.therapeuticresearch.
com) in August 2019 were purchased online in September 2019.
Supplements were excluded if the actual label on the purchased
product did not list at least 1 of the 4 piracetam analogs.

The contents of the supplements were extracted in methanol
and analyzed using nontargeted liquid chromatography-
quadrupole time-of-flight mass spectrometry methods for
the presence of unapproved synthetic drugs. The presence of
each drug was subsequently confirmed by the use of reference
standards. Quantitation was performed by the external
standard method. Quantities were considered accurately la-
beled if they were within ±20% of the labeled quantity.

Data Availability
Additional detailed analytical methods for this study can be
accessed in the supplementary material, links.lww.com/CPJ/
A206, accompanying this paper.

Results
Twelve brands of supplements were purchased and, after the
inspection of the labels, 2 were excluded because they did not

list 1 of the 4 piracetam analogs as an ingredient on the actual
label. Ten products were analyzed, and 8 were explicitly
marketed to enhance mental function while 1 product was
marketed to “outlast, endure, and overcome” and 1 as
“workout explosives” (table).

In total, 2 of the 4 piracetam analogs, omberacetam and
aniracetam, were detected along with 3 additional un-
approved drugs, vinpocetine, phenibut, and picamilon. Two
of the 4 piracetam analogs, phenylpiracetam and oxiracetam,
were listed on product labels but not detected in the
products.

Three of the detected drugs were openly declared on
product labels including omberacetam, a medication avail-
able in Russia used to treat traumatic brain injury, mood
disorders, cerebral vascular disease, and other indications3;
aniracetam, a drug approved for use to treat dementia in
several countries including Italy, Argentina, and China4; and
vinpocetine, a pharmaceutical drug available in Germany,
Russia, and China used to treat acute stroke and cognitive
impairment.5,6

Three unapproved drugs were detected in 2 products that
were not declared on the label including aniracetam; pheni-
but, a prescription drug available in Russia used to treat
anxiety, insomnia, alcohol withdrawal, and other indica-
tions7; and picamilon, a gamma-aminobutyric acid agonist
used in Russia to treat cerebrovascular ischemia, mood dis-
orders, and alcohol withdrawal.5

Omberacetam was present in all 10 products at dosages ±SD
ranging from 5.1 ± 0.1 mg to 40.6 ± 0.4 mg compared with a
typical pharmacologic dose of 10 mg. Other dosages of drugs
detected included aniracetam 0.5 ± 0.0 mg to 502 ± 0.8 mg
(typical pharmacologic dose 200–750 mg), picamilon 90.1 ±
0.7 mg (typical pharmacologic dose 50–200 mg), vinpoce-
tine 4.3 ± 0.1 mg (typical pharmacologic dose 5–40 mg), and
phenibut 15.4 ± 0.3 mg (typical pharmacologic dose
250–500mg). In some cases, the quantity of a drug was listed
on the label, but 75% (9/12) of declared quantities were
inaccurate, with actual quantities ranging from 0% to 135%
of quantity provided on the label.

Discussion
We detected 5 unapproved drugs in over-the-counter cog-
nitive enhancement supplements sold in the US. Consumers
might use these products in combination with prescription
drugs or instead of seeking medical advice. Consumption of
these products could expose people to amounts of these
drugs four-fold greater than pharmaceutical dosages and
combinations never tested in humans: one product com-
bined 3 different drugs (omberacetam, phenibut, and anir-
acetam) and another product contained 4 different drugs
(omberacetam, aniracetam, vinpocetine, and picamilon).
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Furthermore, we found that consumers cannot obtain ac-
curately labeled cognitive enhancement supplements by
selecting supplements using the NIH’s or Natural Medi-
cines’ supplement databases. Previous research found
similar discrepancies between the information provided in

the NIH’s supplement database compared with the actual
content of the supplement.8

Use of these cognitive enhancement supplements poses po-
tentially serious health risks given the unpredictable dosing

Table Information Provided on the Label Compared With the Measured Quantity of Unapproved Drugs in Dietary
Supplements

Sample
code

Claim on the
label

Unapproved
drugs declared
on the label and
amount/serving
size

Unapproved
drugs
detected not
declared on
the label

Serving size
according to
labeled
directions

Recommended
maximum daily
servings

Measured
amounts of
unapproved
drugsb/serving
(mg ± SD)

Actual quantity
of unapproved
drugs compared
to the label
amount/serving

Unapproved
drugs/maximum
recommended
daily intake (mg)

A Noopept
learning
amplifier

Noopept 10 mg 1 capsule 1 9.5 ± 0.1 95% 9.5

B Outlast,
endure,
overcome

Noopepta 1 scoop 2 5.1 ± 0.1 — 10.2

C Workout
explosives

N-phenylacetyl-L-
prolylglycine-
ethyl-ester
(Noopept) 20 mg

1 scoop 1 18.5 ± 0.3 92.5% 18.5

D Brain
enhancement
formula

Noopept (as
N-phenylacetyl-L-
prolylglycine-
ethyl-ester)
30 mg

2 capsules 1 40.6 ± 0.4 135.3% 40.6

E Focus, well-
being, energy,
memory

Noopept
(N-phenylacetyl-
L-prolylglycine-
ethyl-ester)
18 mg
Phenylpiracetam
50 mg
Vinpocetine 5 mg
—

—

Phenibut
Aniracetam

1 capsule 2 19.7 ± 0.1

ND

ND
15.4 ± 0.3
0.5 ± 0.0

109.4%

ND

ND
NA
NA

39.4

ND

ND
30.8
1.0

F Mental clarity
and memory
function

Noopepta 2 capsules 2 9.0 ± 0.1 — 18.0

G Mental
performance

Noopepta 2 capsules 2 5.2 ± 0.1 — 10.4

H Fat burning
thermogenic,
focus and
clarity

Noopepta 1 scoop 1 5.1 ± 0.1 — 5.1

I Brain formula Noopept 33 mg
Aniracetam
800 mg
Vinpocetine
16 mg
Oxiracetam
200 mg
— Picamilon

2 capsules 1 7.1 ± 0.1
502 ± 0.8

4.3 ± 0.1

ND

90.1 ± 0.7

21.5%
62.7%

26.8%

ND

NA

7.1
502

4.3

ND

90.1

J Active
nootropics-
boost

Noopept 12 mg

Oxiracetam
800 mg

30 mL 1 8.8 ± 0.1

ND

73.3%

ND

8.8

ND

Abbreviations: NA = Not applicable; ND = Not detected.
a If no amounts provided on the label, no quantity was listed.
b Typical pharmaceutical doses are as follows: omberacetam 10 mg, phenibut 250–500 mg, aniracetam 200–750 mg, picamilon 50–200 mg, and vinpocetine
5–40 mg.
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and lack of clinician supervision. The risks of using specific
products are not known although these drugs have been as-
sociated with adverse effects including increased and de-
creased blood pressure, insomnia, agitation, dependence,
sedation, hospitalization, and intubation.3–7

Our study does not address why these cognitive enhance-
ment supplements contain both declared and undeclared
drugs. The US law does not permit unapproved pharma-
ceuticals to be introduced as new ingredients into supple-
ments, but the law places the burden of eliminating these
products on the FDA. The FDA has previously attempted to
remove some of these drugs from the supplement market.
The FDA has issued a series of warning letters to companies
selling picamilon, phenibut, omberacetam, and aniracetam
supplements9,10 and a consumer warning that vinpocetine
should not be consumed by women of childbearing age.11

Despite FDA warnings, these drugs remain openly listed as
ingredients in the NIH’s and Natural Medicines’ supplement
databases. This might be due to loopholes in the law that
permits companies to sell supplements without informing
the FDA and the lack of a system for the FDA to track
products on the market.12 In addition, the FDA might not be
using all enforcement tools available to remove these prod-
ucts from the marketplace.13 The FDA, for example, has not
warned consumers about the presence of omberacetam or
aniracetam in supplements, nor has the agency required
mandatory recalls of these products. Our study also raises
concerns regarding the quality and legality of supplements
listed in the NIH’s supplement database.

Our study has several limitations. We tested only supple-
ments labeled as containing 1 of the 4 piracetam analogs in 2
databases at one point in time. Our results are not general-
izable to all dietary supplements labeled as containing a
piracetam analog. In addition, our study does not provide a
comprehensive survey of all unapproved drugs marketed in
brain enhancement dietary supplements.

The presence of these 5 unapproved drugs in supplements,
including at supratherapeutic dosages, suggests serious risks
to consumers and weaknesses in the regulatory framework
under which supplements are permitted to be introduced in
the US. Until the regulatory framework is reformed,12 clini-
cians should advise patients that supplements marketed as
cognitive enhancement products may contain unpredictable
combinations of unapproved drugs.
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