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Abstract

Objective: To share pharmacokinetic data and a bio-analytical method for the conduction of a bioequivalence trial of Piracetam 
800-mg immediate release tablets in Mexicans.
Methods: Twelve male and 18 female healthy volunteers were administered with a single oral dose of one 800-mg Piracetam 
tablet under fasting conditions, in a cross-over design study, with blood sampling up to 24 h post-dose. Piracetam was measured 
by tandem Mass Spectrometry coupled to Ultra-Performance Liquid Chromatography (UPLC-MS/MS) using metronidazole as 
internal standard. Logarithmic ratios of maximal plasma concentration (Cmax ) and Area Under the Curve (AUC) were used to 
establish 90% Confidence Intervals [CI] for bioequivalence.
Results: Both formulations (Nootropil™ as reference product, and PIRACETAM generic formulation as test product) were safe 
and well tolerated. The analytical method proved to be linear with accuracy and precision within a range of 1-60 µg/mL; 90% 
CI for   and   were [82.62–94.68] and [95.22–102.06]. Cmax was reached at approximately 1 h, and plasma elimination half-life 
(t1/2) was around 5.1 h for both products.
Conclusion: Assayed products met the criteria established by the Mexican regulatory agency (COFEPRIS) to be declared 
bioequivalent. Mexican population appears to be a high absorber of Piracetam, exhibiting a   300% higher and an ABC0-inf 
60% greater than other populations previously reported.
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Introduction

Piracetam (PIR) [2-(2-oxopyrrolidin-1-yl) acetamide] 
(CAS No. 7491-74-9) is the first small molecule (142.074 
g/mol) synthetized with nootropic properties, that means 
“a cognitive enhancer”. PIR is a cyclic derivative of the 
neurotransmitter gamma-aminobutyric acid with a very 

high-water solubility (479 mg/mL at 20°C; log P=-1.7) 
and basic characteristics [1]. PIR is a white powder that 
exists as a combination of two major polymorphic crystal 
forms (predominantly P3, and P2 in a less amount; P1 is a 
metastable form produced during sublimation conditions); 
P3 is more stable and lightly less soluble than P2, and there is 
a possible conversion of P3 toward P2 during wet granulation 
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along the tablet manufacturing [2,3]. Due to these properties, 
PIR is commercially available in Mexico as oral solutions and 
immediate-release tablets.

Because of PIR is almost freely soluble in water, and its 
bioavailability is complete (almost 100%) it is classified as 
BCS class I product, with a linear pharmacokinetic over a 
range of doses from 400 mg to 3200 mg/day [4]. Following 
a single oral dose during fasting conditions, PIR is fast and 
extensively absorbed, with a peak plasma concentration (

maxC ) of around 1 h; food intake decreases maxC  by 17% 
and prolong time to reach maxC  ( maxT ) up to 1.5 h. Peak 
concentrations in cerebrospinal liquid is observed 5 h post-
dose. Volume of distribution is 0.6 L/kg, diffusing to all 
tissues except adipose one, and penetrates into many cellular 
membranes (neurons, endothelium and erythrocytes). PIR is 
not bound to plasma proteins and it is not metabolized by 
humans; thus, it is practically eliminated unaltered (more 
than 90%) in the urine. Its plasma elimination half-life is 
around 5 h, with a total body clearance of 80-90 mL/min [1].

Formerly, PIR has been used in the therapy of vascular 
cognitive impairment (senile dementia), vertigo, sickle cell 
anemia and stroke. It might increase Reading comprehension 
in dyslexic children, improve alertness, socialization and 
cognition in elderly psychiatric patients, without depicting 
sedation, stimulation or addiction. PIR has also been used in 
the control of alcoholism, and apparently during long- term 
treatment seems to slow the progression of Alzheimer’s 
disease [5]. It is interesting to note in the PubMed monitoring 
that during the last decade it has had a notorious increase 
in the number of papers related to nootropic molecules, 
from molecular mechanisms to novel clinical applications, 
particularly on central nervous system disorders such as: 
a) cognition/memory, b) epilepsy/seizures, c) protection 
in neurodegenerative diseases, d) stroke/ischemia and e) 
stress management / anxiety. Recent meta-analysis has 
demonstrated that PIR exhibited neuroprotective effects 
when used during coronary bypass surgery. It was also 
effective in the treatment of cognitive disorders of vascular 
or traumatic origins; and also, its anxiolytic effect was 
higher than its memory enhancer properties. As an adjuvant, 
it appears to benefit in myoclonus epilepsy and tardive 
dyskinesia [6].

Therapeutic effects of PIR seem to be related with at 
least four mechanisms at cellular level. The first one is 
mediated by its low affinity to the AMPA- glutamatergic 
receptor; the density of such receptors is up-regulated in 
the synaptic zone, promoting the calcium influx in brain 
cells and the potassium- dependent release of glutamate 
at the CNS. The second -rheological mechanism- is through 
the interaction of PIR with the negative polar heads of 
phospholipids in aged membrane cells, restoring membrane 

fluidity that may repair vascular endothelial functions such 
as production of prostacyclin and nitric oxide, and increasing 
blood flow in compromised cerebral regions [5,7]. Third - 
anti- inflammatory mechanism- is related to the inhibition 
of alphaTNF  -induced production of the chronic pro-
inflammatory cytokine IL-1beta and a decrease of oxidative 
stress markers [8]. Finally, new insights suggest a fourth anti-
apoptotic mechanism, in which PIR blunts the translocation 
of mitochondrion-specific proteins of caspase- independent 
pathway, and attenuates oxidative DNA fragmentation [9].

Thus, considering the previous information and the lack 
of bio-waiver in our regulatory framework, it is important to 
share pharmacokinetic data in Mexican population through 
a controlled bioequivalence trial of a generic product of 
Piracetam, a nootropic molecule which new evidences suggest 
that could play important roles along the rehabilitation of 
language abilities in aphasia of post- stroke patients [10], in 
the overall management of vascular cognitive impairment 
[11], in the prevention of suicide associated with certain 
pharmacogenomic biomarkers [12], and in the reduction of 
prenatal ethanol-induced neuronal damage [13].

What is Known about this Subject?

•	 Piracetam is the therapy of election in the treatment 
of vascular cognitive impairment in elderly patients, 
vertigo, sickle cell anemia, and numerous other cognitive 
problems associated to Alzheimer´s disease and stroke.

•	 Its mechanism of action counteracts biochemical changes 
in cell membranes, restoring signal transduction in 
endothelium associated to a better blood perfusion and 
tissue oxygenation, preventing chronic inflammation 
and neuronal apoptosis.

What this Study Adds

•	 There is very succinct information concerning PIR 
bioequivalence trials.

•	 Pharmacokinetic data obtained in present study carried 
out in Mexicans (Latins) shows that this population 
is a higher/faster absorber compared to original data 
reported in the information for prescription.

•	 The Piracetam generic product was well tolerated and 
met the requirements of Mexican Regulatory Agency 
(COFEPRIS) to be declared bioequivalent.

•	 Try to offer a warning about new uses and potential 
abuse of nootropic molecules.

Material and Methods

Selection of Subjects

Volunteers were recruited at our Clinical facilities. 
Subjects underwent screening evaluations within 30 
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days prior to dosing of the first experimental period. 
Inclusion criteria were: showing willingness to participate, 
indistinct gender, aged between 18 and 50 years, body 
mass index between 18 and 27 kg/m2 (inclusive), normal 
electrocardiogram and clinical history, laboratory values 
(hematology, urinalysis, serum biochemistry, and liver 
function) within normal ranges, non-smokers and without 
active alcoholism, and negative for AIDS, hepatitis B and C, 
and pregnancy test for women.
 

Exclusion criteria include any kind of allergy, pregnancy, 
positive results for the rapid assay in urine of drug abuse 
(benzodiazepines, methamphetamines, cocaine and 
tetrahydrocannabinol), and any serious health condition 
that would affect the development of the trial. In addition, 
subjects who had participated in a bioequivalence study, who 
had donated blood, or who had been tattooed within 90 days 
prior to the present trial were excluded.

Volunteer withdrawal situations throughout the study 
considered any type of hypersensitivity reactions, the loss 
of two or more blood samples around maxC , vomiting 
between administration times and 2-fold maxT , or any 
dietary transgression. Besides all these, subjects who had 
increased tobacco consumption or alcohol 48 h prior to dose 
administrations, or who had taken any prescription and over-
the-counter medications, were also withdrawn from the study.

Study Design

The current trial was authorized by the Institutional 
Review Board registered in the Mexican Regulatory Agency 
(COFEPRIS registration trial No. 193300410B0194/2019) 
and conducted in compliance with the latest Declaration 
of Helsinki, the Good Clinical Practice (ICH) and Mexican 
regulatory guidelines for bioequivalence trials [14].

The clinical study was controlled, double-blinded (to 
the medical staff and the analytical investigator), cross-
over, two periods (sampling up to 24 h post-dose, with a 
washout period of 7 days) both under fasting conditions, two 
treatments (Nootropil™ 800-mg oral tablet from Productos 
Farmacéuticos, S.A. de C.V. -Mexico- as Reference product 
and Piracetam 800-mg oral tablet produced by IFA-Celtics 
S.A. de C.V. -Mexico- as Test product), with two randomized 
and balanced administration sequences.

The 30 selected volunteers provided their signed 
informed consent before initial screening procedures and 
were medically monitored along the entire trial. All subjects 
were confined within the clinical facility of Pharmometrica on 
the afternoon prior to drug administration and were assigned 
a number to maintain the confidentiality of their identity. 
They received dinner at 8 pm and fasted overnight for 12 h. 
An intra-vein catheter was placed in the non-dominant arm 

the following morning and pre-dose samples were taken. At 
8 am, all volunteers received a single oral dose of 800 mg of 
immediate-release PIR tablets of the corresponding product 
-according to the randomization schedule- with 250 mL of tap 
water. A mouth-check was done immediately after the tablets 
were swallowed in order to verify complete tablet intake.

Approximately 5 mL of blood was drawn from each 
participant for each sampling time through the catheter at 0 
h (before dosing), and 0.33, 0.66, 1.00, 1.16, 1.33, 1.50, 1.66, 
1.83, 2.00, 2.33, 2.66, 3.00, 4.00, 6.00, 9.00, 12.00, and 24.00 
h after PIR administration.

Samples were collected in vacuum heparinized tubes 
and centrifuged at 4,000 rpm for 5 min at 20 °C for plasma 
separation. Plasma was placed into identified cryovials and 
stored at -70 °C until PIR quantitation. Breakfast, lunch, and 
dinner were served at 10 am, 3 pm, and 9 pm, respectively.

Analytical Method

 Several methodologies have been previously reported 
based on HPLC-UV [15,16], and more recently in HPLC 
coupled to tandem mass spectrometry, but employing 
molecules such as oxiracetam or levetiracetam with no 
adequate chromatographic performance, or expensive 
deuterated as internal standards [17,18]. Thus, it was 
decided to develop a new method based on UPLC-MS/MS 
and to validate this according to Mexican guidelines [14], US-
FDA guidelines [19], and international considerations for the 
quantitation of small molecules in biological fluids [20,21].

Briefly, 20 μL of human plasma (samples of volunteers 
and calibration standards) was pipetted into 1.5-mL 
polypropylene micro-tubes. Samples were fortified with 25 
μL of metronidazole solution (Internal Standard 400 ng/mL). 
Tubes were briefly vortex-mixed, and then plasma proteins 
were precipitated with 500 μL of pure cold methanol. 
Samples were vortex-mixed for 1 minute and centrifuged 
at 17,000 × g at 4 °C for 5 min. Fifty μL of supernatant was 
diluted with 950 μL of pure water, and 2 μL was injected into 
the chromatographic system (Acquity™ Class- I; Waters Co., 
Milford, MA, USA). A UPLC BEH C8 column (2.1 x 50 mm, 1.7-
μm particle size) at 40°C was used under isocratic conditions 
(ammonium acetate 10 mM: acetonitrile (99:01 v/v)) at a 
flux of 0.4 mL/min.

Detection was performed by positive electrospray in a 
tandem mass spectrometer (Xevo TQ-S Waters Micromass; 
Manchester, UK), employing the transitions m/z1+ 143.07– 
98.04, and 172.07–128.0 for Piracetam and Metronidazole, 
respectively. Linearity was demonstrated within the range of 
1-60 μg/mL. Stability assays covered all of the quantitation-
related procedures (on the benchtop, freeze-and-thaw cycles, 
in the autosampler, long-term).
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 Statistical Analysis

All statistical calculations for Pharmacokinetics (PK) 
were performed using Phoenix™ WinNonlin ver. 8.3 software 
(Pharsight Co., CA, USA). PK parameters were calculated 
according to the Mexican Norm NOM-177 Statistical Appendix 
[14] by programming plasma data, a single extravascular 
dose, and a non-compartmental model.

Maximal plasma drug concentration ( maxC ), time 
to reach maximal plasma concentration following drug 
administration ( maxT ), plasma elimination half-life (t½), 
area under the plasma concentration–time curve from time 
zero to last measurable concentration ( 0-24hAUC ), and AUC 
from time zero extrapolated to infinity ( 0-infAUC ) comprised 
the software outputs.

Linear regression of the standardized residuals and 
the Grubbs test (alpha 0.02) were utilized to detect atypical 
behaviors in the samples of the subjects evaluated.

ANOVA was employed to evaluate and discard the 
effects of the sequence, period, and/or treatment in the 
experimental design.

90% Confidence Intervals (90% CI) of logarithm-
transformed relationships for Cmax, 0-24hAUC and 0-infAUC  
between both formulations were built. Bioequivalence was 
concluded if the 90% CI fell within the range of 80-125% for 
these three PK parameters.

Results

Demographic Description

 A total of 30 volunteers were enrolled in the study (12 
males and 18 females); all of them completed both periods of 
the trial and their data were included in the pharmacokinetic 
and statistical analyses. Demographic data of participants 
were (mean ± SD): age 33.70 ± 10.47 years; height 1.63 ± 
0.07 m; weight 61.80 ± 6.87 kg, and BMI 23.42 ± 2.17 kg/m2.

Pharmacovigilance

The duration of the clinical phase of the protocol was 
12 days, including the wash-out period and the date of the 
last follow-up. Both reference and test products were well 
tolerated. Three non-serious adverse events were reported 
during the first period associated with the reference product 
(moderate pulsatile headache, borborygmus, and one liquid 
evacuation) in three different male volunteers.

Bioanalytical Method

No missed samples were reported by the clinical staff. 
Figure 1 shows chromatograms of Piracetam and internal 
standard in plasma; the bio-analytical method fulfilled all 
regulatory requirements during its validation, demonstrating 
linearity (1, 10, 20, 30, 40, 50 and 60 μg/mL; weighting 1/x) 
with accuracy and precision in a total run time of 4 min 
(chromatographic capacity factor [k’] = 1.66 for PIR and 9.34 
for metronidazole). PIR in plasma probed to be stable at 
-70°C for at least 65 days.

Figure 1: Chromatograms from individual channels of Piracetam (PIR) and internal standard Metronidazole. A) Processed 
blank plasma B) Lower limit of quantitation (LLOQ= 1 μg/mL), and C) Sample of a volunteer exhibiting maximal PIR plasma 
concentration and possible fragmentation pattern during analysis.
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Pharmacokinetics and Statistical Evaluations

The PK parameters for both test and reference 

formulations are summarized in Table 1. Mean PIR plasma 
concentration–time profile is shown in Figure 2.

 

 
Nootropil™ Piracetam test

Min Max Mean Min Max Mean
Cmax

(µg/mL) 18.89  46.82  31.7
(22.59) 19.65  39.32  27.9

(20.26)
Tmax
(h) 0.66  3  1.06

(55.0) 0.66  3  1.29
(52.5)

AUC0–24h
(µg*h/mL) 113.63  265.03  168.62

(21.24) 121.47  267  166.42
(21.9)

AUC0–inf
(µg*h/mL) 127.93  283.58  184.42

(19.11) 137.13  289.12  182.53
(18.67)

t1/2
(h) 3.47  7.16  5.11

(22.21) 3.31  6.79  5.1
(22.22)

Table 1: Pharmacokinetic parameters of Piracetam (PIR) after a single oral dose of one 800-mg tablet in a healthy Mexican 
population under fasting conditions.
Geometric Mean ± (%CV). 
N = 30 (18 females and 12 males) maxC  (maximal drug plasma concentration), Tmax (time to reach maxC 0-24hAUC ), 0-24hAUC  
(Area Under the Curve up to 24 h), 0-infAUC  (Area Under the Curve extrapolated to infinity), t½ (plasma elimination half-life).

Figure 2: Plasma concentration-time profile of Piracetam (PIR) after a single oral dose of one 800-mg immediate release tablet 
of Nootropil™ or Piracetam test product, in a healthy Mexican population under fasting conditions, and a zoom for the first 4-h 
post-dose. Data are expressed as means ± standard error (SE).

One volunteer was detected as potential outlier for 
maxC  and another one for 0-infAUC  according to the 

Grubbs test (alpha = 0.02). Particularly, the last one was a 
female volunteer that declared the use of over-the-counter 
metronidazole vaginal ovules; however, it was decided to 
include both volunteers in the statistical evaluation due to 
mandatory conditions by Mexican regulatory guidelines, and 

none of them impact in the final bioequivalence result.

During ANOVA, no significant sequence or period effects 
were detected for log- transformed PK parameters. Neither 
was pre-dose concentrations detected, concluding that the 
clinical phase was properly conduced.
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The 90% CI are reported in Table 2, showing that 
both formulations meet the requirements established 

in the Mexican regulatory guidelines for being declared 
bioequivalent.

Parameter
Intra- Subject 90% Confidence Intervals

% Ratio (Test/Reference)
%CV Lower Upper

log (Cmax) 15.61 82.62 94.68 88.45

log (AUC0-24h) 7.91 95.22 102.06 98.58

log (AUC0-inf) 6.14 96.46 101.79 99.09

Table 2: Statistics bioequivalence of Piracetam 800-mg immediate - release tablets (Test product) and Nootropil™ 800 mg 
tablets.

Discussion

Concerning the population that participated in the trial, 
it may be considered homogeneous in terms of age, weight 
and body mass index. 

In terms of tolerability, it is interesting to note a very 
low frequency of adverse effects, all of them during the 
first experimental period and attributable to the reference 
product; however, all of these were resolved spontaneously 
during the course of the experimental day (without 
medication).
 

Regard to the quantitative assay, the present method 
was fit-for-the purpose of present trial, depicting a short 
running time and a high throughput with a single-step 

protein precipitation. Internal standard -metronidazole- was 
easy to obtain, not expensive, sharing many physic-chemical 
properties of structure and ionization whit piracetam, and 
having and adequate chromatographic behavior.

The most remarkable finding of present work is the 
higher bioavailability of PIR in Mexicans. As can be noted in 
Table 3, the maxC  reached on present trial is almost three 
times higher than that reported in other populations; and 
ABC0-inf is around 60% greater than reported on these 
works. Due to PIR is not metabolized by humans (t½ were 
quite similar among all populations), it suggests that such 
difference might be attributable to a higher but not a faster 
absorptive phase ( maxT  were also very similar. Brazilians 
seems to be the exception).

Pharmacokinetics Pakistanian16 
population Brazilian18 population German21 

population
Mexican 

population

Cmax (µg/mL) 12.88 ± 2.48 9.20 ± 1.90 13.70 ± 3.50 31.7 ± 7.16

Tmax (h) 1.02 ± 0.73 2.90 ± 1.40 1.50 ± 1.20 1.06 ± 0.58

AUC0–inf (µg*h/mL) 103.50 ± 29.2 128.40 ± 32.1 112.60 ± 24.9 184.42 ± 35.24

t1/2 (h) 5.07 ± 1.61 8.90 ± 1.10 5.13 ± 0.92 5.11 ± 1.13

Sample size (N) 18 males 30 both sexes 8 males 30 both sexes

Table 3: Pharmacokinetics of Piracetam after a single oral dose of 800-mg in different populations (Mean ± Standard Deviation).
maxC  (Maximal drug plasma concentration), maxT  (time to reach maxC ), 0-infAUC  (Area Under the Curve extrapolated to 

infinity), t½ (plasma elimination half-life).

Finally, considering the growing interest for nootropic 
drugs and the easy way to obtain it in different countries for 
non-medical indications, it is essential to raise awareness 
about the myth of “cognitive enhancers” in order to discourage 
its consumption among students and professionals, and in 
the other hand, to avoid the presence of such drugs in dietary 
supplements and free-access products [22-25].

Conclusion

The test formulation (Piracetam 800-mg tablets) met 
the COFEPRIS criteria of bioequivalence as compared with 
Nootropil™ of Productos Farmacéuticos, S.A. de C.V. 
 

Mexico- as Reference product after a single oral dose 
under fasting conditions, exhibiting minimal adverse effects 
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to those of the reference product.

The contribution of this type of clinical trials lies in 
their evidencing differences in pharmacokinetics among 
populations, and strongly suggest as possible to perform 
bioequivalence trial in the customer population with the local 
reference product that has evidenced safety and efficacy.

Finally, a warning to sanitary authorities for the 
potential abuse of nootropics by general population during 
consumption of non-prescribed products such as dietary 
supplements.
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