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Introduction
Fatigue and new muscle weakness are among the most frequent 

and debilitating late symptoms of poliomyelitis, which cause 
great impairment in the functional capacity of patients with Post- 
Poliomyelitis Syndrome (PPS).1–3

New muscle weakness is typically asymmetrical and may occur in 
muscles previously affected by poliomyelitis, as well as in uninvolved 
muscles.1,4 It can be permanent or transient. It usually progresses 
slowly, but sometimes develops in a subacute manner or progresses 
incrementally. Transient weakness is probably a manifestation of 
muscular fatigue.5

Fatigue occurs in about 60–89% of individuals with PPS.5,6 The 
aetiology of the symptom arouses great interest, mainly due to its 
multi factorial character, and can be divided into two components: 
peripheral (muscular) fatigue and central (general) or simultaneously-
occurring fatigue.7 

As these are caused by the overuse of surviving motor neurons 
over the years, it leads to the disintegration of the terminal axons and 
an intense metabolic demand.2,5

Considering the importance of both symptoms and the limitations 
they can cause in PPS patients; this study aims to evaluate the 
effectiveness of the fixed dose combination of Piracetam with 
L-carnitine regarding fatigue and MS in this population.

Both drugs have their effects proven individually and are already 
used in clinical practice. Carnitine is a cellular component with a key 

rolein the mitochondrial oxidation of fatty acids; its supplementation 
suggests a greater fatty acid concentration, leading to availability of 
more energy for mechanical work, making it possible to delay the 
use of muscular glycogen, thus, delaying the development of fatigue.8 
Piracetam is a nootropic drug thatmplays a role in the cerebral 
metabolism, by increasing the energy efficiency of neurons, helping 
with the restoration of cortical cell function; thus, activating cognitive 
functions such as attention and memory, which are complaints seen 
in central fatigue, reported by the patients with PPS. Besides these 
effects the drugs have protective action on mitochondrial dysfunction. 
Recent researches evaluating the action of the fixed dose combination 
of L-carnitine with Piracetam have shown that when associated, they 
present synergic and complementary action protecting mitochondrial 
dysfunction.9–12

Objective

Verify if L-carnitine associated with Piracetam in fixed dose 
combination can improve fatigue and MS in patients with Post-
Poliomyelitis Syndrome (PPS) and verify the tolerability and safety 
of the combination.

Materials and methods
Design and sample size

This was a double-blind randomised controlled clinical trial 
with 2:1 factorial design for the experimental group. The study 
was performed at the PPS outpatient clinic of the Department of 
Neuromuscular Diseases, Federal University of São Paulo (UNIFESP) 
in the years of 2017 and 2018.
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Abstract

Objective: Verify if L-carnitine associated with Piracetam in fixed dose combination 
improves fatigue and muscular strength (MS) in Post-Poliomyelitis Syndrome (PPS)
patients and verify the tolerability and safety of the combination.

Methods: a randomized clinical study, double-blind, placebo-controlled was conducted, 
comparing the use of three tablets of the fixed dose combination (L-Carnitine 330mg, 
Piracetam 270 mg) twice a day, to your placebo.94 patients were evaluated over 180 
days, where three evaluations (3 visits) took place; MS was assessed through the Medical 
Research Council Manual Muscular Test (MMT), the fatigue through the Fatigue Severity 
Scale (FSS) and Piper’s Revised Fatigue Scale (PRFS). 

Results: Only the group that received the active medication presented significant 
improvement in fatigue, both in the PRFS (V1: 5.73, V3: 4.36, p = 0.001) and FSS (V1: 
53.1, V3: 49, 4, p = 0.002). A statistically significant improvement was observed in the 
proximal musculature of the lower limbs of the activr group (AG) (V1 78.99%; V 3 81.10%, 
p = 0.040). As in the MS of the proximal muscles of the right lower limb AG (V1 77.86% 
V3 81.69%, p = 0.008), the group that received the placebo (V1 79.67% V3 78.83%, p 
= 0.035). The placebo group (PG) had the highest MS decrease.Possible AE related to 
AG when compared to PG highlighted the high presence of headache and dry mouth that 
occurred more frequently in the PG. The other events reported didn’t presented significant 
differences between the groups.

Conclusion: The combination of the drugs has shown to be effective for improving fatigue 
and MS in PPS patients, as well as delaying the progression of muscle weakness. The trial 
monitoring demonstrated safety and tolerability for this combination.
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For both outcomes, the sample size was calculated as the difference 
between means (test t) using the G*Power 3.1 software (Heinrich-
Heine-University) using the following parameters: tails: two; error α: 
0.05; power (1-error β): 0.80; allocation ratios: 1:1 and 2:1; correction 
for losses: 10%. In the Manual Muscular Test, a standard deviation of 
6.9 was considered when performing the tests (13). The calculation 
was performed to detect a difference between the means of both 
the groups equal to or greater than 4 (Effect on size d: 0.5797101). 
Allocation ratio: 1:1, 2:1; non-central parameter δ: 2.8399879, 
2.8399879; t critical: 1.9855234, 1.9825973; degrees of freedom: 
94, 106; real power: 0.8025874, 0.8035051; sample size of group 1: 
48, 72; sample size of group 1 corrected for losses (10%): 53, 80; 
sample size of group 2: 48, 36; sample size of group 2 corrected for 
losses (10%); total sample size: 96, 108; total sample size corrected 
for losses (10%).

For fatigue, a standard deviation of 1.7 was considered when 
performing the score (14). The calculation was performed to detect a 
difference between the means of the groups equal to or greater than 
1 (Effect on size d: 0.5882353). Allocation ratio 1:1, 2:1; non-central 
parameter δ: 2.8515764, 2.48481401; degrees of freedom: 92, 104; 
real power: 0.8055819, 0.8055973, sample size of group 1: 47, 71; 
sample size of group 1 corrected to (10%): 52, 78; sample size of 
group 2: 47, 35; sample size of group 2 corrected for losses (10%): 52, 
39; total sample size: 94, 106; total sample size corrected for losses 
(10%): 104, 117.

Considering the sample sizes calculated for both efficacy tests, the 
estimated number of subjects was 120 individuals.

Inclusion and exclusion criteria

Ambulatory subjects with PPS were included if they had: 
confirmed history of poliomyelitis; confirmed diagnosis of PPS;new 
muscle weakness for at least one year;aged between 22 and 60 
years;examination of previous electroneuromyography andability to 
swallow the medication.

The exclusion criteria were: intolerance to L-carnitine or 
piracetan;use of L-carnitine or piracetan in the past three months; 
inability to understand the informed consent form (ICF) and to 
meet the study’s requirements; anemia; glycated hemoglobin>7.0%; 
electrolyte Imbalance (Hypokalemia); kidney failure;urinary 
infection;thyroid dysfunction;cardiomyopathy; uncontrolled 
systemic arterial hypertension;autoimmune process;pregnancy;major 
depressive disorder;diabetes (Insulin needed);discontinuation of 
medication or placebo for more than 7 days.

Sampling and random assignment

The research population included 118 patients of the Department 
of Neuromuscular Diseases. Randomisation of treatment allocation 
was done in blocks of unequal sizes, that each one was a multiple of 
three, to respect the 2: 1 ratio between the groups.They were manually 
randomised by shuffling envelopes, based on blinding in a randomised 
clinical trial.

All treatment allocations were concealed for the patients as well as the 
researchers. The data analyst remained blinded until after the primary 
outcome analyses.

The placebo and the test medication were produced with the same 
organoleptic characteristics and had identical packages, which were 
individually identified by a sequential numerical code, following the 
principles of Good Practices Manufacturing.

Intervention and study stages

The patients were evaluated over 180 days, where three evaluations 
(3 visits) took place. Pharmacological treatment prior to the study was 
maintained according to medical advice.

Pre-Selection (Visit 0 - up to 60 days before visit 1)

The screening was held at an open meeting for clarification. A 
pre-selection was carried out with approximately 10 patients being 
called per week. All those who were selected signed the ICF. The 
selected patients were subject to blood sample collection (complete 
blood count, glycated hemoglobin, potassium, creatinine, TSH, free 
T4, βHCG), urine (urine 1) and electrocardiogram (ECG).

Initial assessment (Visit 1 - V1)

The clinical evaluation and analysis of the exams requested in the 
screening were done to check for possible AE. Evaluating the patient’s 
fatigue and MS was also done.

Subsequent examinations were as follows: complete blood count, 
VHS, serum iron, ferritin, CRP, fasting glycemia, TSH, free T4, urea, 
creatinine, creatine phosphokinase, TGA, TGP, γGT, triglycerides, 
total cholesterol and fractions, protein electrophoresis, creatine kinase 
and urine type I.

After the evaluations, the dispensation was carried out of the active 
drugs (each tablet contains L-Carnitine 330mg + Piracetam 270 mg) 
for the experimental group and the placebo for the control group. It 
was advised to take, via oral route, three capsules twice a day.

All patients were instructed not to change their lifestyle during the 
study period. They were also asked to bring the packages to assess 
their adherenceto the treatment.

Intermediate evaluation (Visit 2 (V2) - D60±15 days)

60 days after starting the treatment, the evaluations carried out at 
V1 were repeated; as well as blood and urine laboratory exams, along 
with dispensing and counting of the medication, and checking for AE.

Final evaluation (Visit 3 (V3) - D180±15 days)

120 days after V2, the evaluations performed on V1 and V2 were 
repeated, counting the medication, checking for AE and performing 
laboratory tests.

Instruments
Fatigue severity scale (FSS)

described by Krupp et al. in 1989, addresses everyday situations 
correlated with the social aspects of the individual relating to the last 
two weeks. The instrument consists of nine statements where patients 
respond with numbers from 1 (disagree completely) to 7 (agree 
completely).15 This instrument is one of the most used to assess the 
fatigue of PPS patients but only evaluates the peripheral fatigue and 
asconsequence the need to use another instrument that also covers the 
central fatigue.

Revised piper fatigue scale (RPFS)

has a high internal awareness (Cronbach alfa = 0.97), a study 
with a population of patients with PPS found good psychrometric 
properties including high simultaneous validity. The instrument is 
composed of 22 alternative and 5 descriptive questions that address 
the sensory, cognitive, mood, behavioural, severity and affective 
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aspects of fatigue. The patient should score each item from 0–10. The 
descriptive questions are not part of the score; they serve to provide 
qualitative data.16

Medical research council manual muscular test (MMT)

in general, the clinical examination of MS in patients with 
neuromuscular diseases is carried out using this scale. The Medical 
Research Council Manual Muscular Test– MMT was developed in 
1943, originally for MS assessment in patients with poliomyelitis 
sequel. The test consists of scores ranging from 0–5 points for each 
tested muscle group,17 0 indicating that there is no muscle contraction 
and 5 corresponding to normal muscular strength.

The tested muscle groups were: flexors and extensors of 
the cervical spine, upper body, shoulder, elbow, wrist, fingers, knee, 
ankle, toes; abductors and adductors of shoulder and hip.

After the MS assessment, the percentage of strength was computed 
using the Medical Research Council (MRC) index.

MRCindex:

score sum x 100
number of tested muscles x 5	

The muscles were grouped in different ways to assess distal and 
proximal components of MS in these patients.

Statistical analysis

Data was processed using a microcomputer, in the database of 
Excel Office 2010. A statistical analysis was obtained with the help 
of SPSS V20, Minitab 16 and Excel Office 2010. The following tests 
were used:

i.	 ANOVA Test to compare the qualitative variable’s averages.

ii.	 ANOVA Test with Repeated Measures to compare the 
qualitative variable’saverages.

iii.	 Two-Proportion Parity Test was used to compare the distribution 
of the relative frequency (percentages) of the qualitative 
variables between groups.

iv.	 Tukey’s Multiple Comparison (Post Hoc) was used to compare 
study visits.

Confidence Interval (CI) for the mean to analyse how much the 
average may vary with a certain confidence probability. All CIs were 
created with a 95% statistical confidence. A significance level of 0.05 
(5%) was established.

Results
Of 118 initial patients, 24 discontinued treatment (Figure 1: 15 

from the AG, and 9 from the PG). The reasons among others were: 
abandonment (AG: 60%, PG: 88.9%), recurrent adverse event (AG: 
20%, PG: 0%), alterations in biochemical tests (AG: 0%), frequent 
alcohol consumption (AG: 6.7%, PG: 11.1%), Amyotrophic Lateral 
Sclerosis (AG: 6.7%, PG: 0%). There was no statistically significant 
difference between groups.

The study’s non-adherence was 2.46% ± 1.97% in the PG, and 
2.63% ± 3.63% in the AG (p = 0.808).

The sample’s characteristics are shown in Table 1. The values ​​for 
the total fatigue score are shown in Table 2, as well as the PRFS’s 
dimensions. When comparing fatigue between visits in the total score, 

only the AG showed a statistically significant difference FSS: V1-V2 
p = 0.001, V1-V3 p = 0.012; PRFS: V1-V2 p = 0.001, V1-V3 p = 
<0.001.

Figure 1 Trial patient flowchart.

Statistically significant differences were found in the behavioural 
dimension in V1 compared to the other visits (V1-V2 p = 0.003; V1-
V3 p = 0.001). The same was also observed in the other dimensions, 
affective: V1 with V2 p = 0.001 V1 with V3 p = 0.001; psychological: 
V1-V2 p = 0.002; V1-V3 p = 0.001.

Table 3 shows the classificationof fatigue’s according to the 
instruments as well as its variation, also with a comparison between 
study visits.

Due to the patient’sMS data extension, only the statistically 
significant values ​​were shown, available in Table 4.

Safety and tolerability

Possible AE related to the AG when compared to PG highlighted the 
high presence of headache and dry mouth along with gastrointestinal 
disorders such as intestinal constipation, epigastric pain, nausea and 
seasickness, dizziness, insomnia, tachycardia and sleepiness.

The distribution of headache and dry mouth events occurred 
more frequently in the PG, with significant differences in incidence 
between the two groups in the trial; headache AG = 18 (60,0%) PG= 
22 (34,4%) p= 0,019 and dry mouth AG = 6 (20,0%) PG= 3 (4,7%)p= 
0,019.Other reported AE did not present statistically significant values 
between the groups.

The AE reported are of mild intensity, common frequency, not 
serious and with possible or probable causality with L-Carnitine and 
Piracetam; therefore, the study demonstrated safety and tolerability of 
this association in relation to the monitoring of AE without presenting 
clinically significant alterations; and perceived predictable events 
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as described in companies’ inserts of L-carnitine or Piracetam. The 
fixed combination presented safety in relation to the monitoring of 

laboratory parameters since it did not present clinically relevant 
changes.

Table 1 Characteristics of the sample

Ative Group Placebo Group P-value

N average (sd) N average(sd) 

Age 64 48,8±6,3 30 48,4±7,1 0,789

Age of acute polio 64 2,1±2,21 30 1,3±0,70 0,055

Age of SPP 64 39,6±9 30 37,7±8,4 0,345

Stability plate 64 39±8,4 30 38,8±7,5 0,903

Age group of the Poliomyelitis N % N %

< 1 month 2 3,10% 0 0,00% 0,328

1 month to 11 months 20 31,30% 9 30,00% 0,903

1 year to 1 year 11 months 20 31,30% 13 43,30% 0,253

2 years to 2 years and 11 months 8 12,50% 7 23,30% 0,181

3 years to 3 years and 11 months 2 3,10% 1 3,30% 0,957

4 years to 4 years and 11 months 3 4,70% 0 0% 0,228

> 5 years 9 14,10% 0 0% 0,031

Years of study

From 0 to 7 years 10 15,60% 4 13,30% 0,771

From 8 to 10 years 6 9,40% 1 3,30% 0,298

From 11 to 14 years 27 42,20% 15 50,00% 0,478

15 or more years 21 32,80% 10 33,30% 0,96

Gender

Female 37 57,80% 24 80,00% 0,036

Male 27 42,20% 6 20,00%

Two-proportion parity test; ANOVA Test

Table 2 FSS and PRFStotal score

Average(SD) CV Min- Max CI P-value

AG PG AG PG AG PG AG PG AG PG

FSS V1 53,1 ± 9,3 51,4 ± 10,8 17% 21% 14 - 63 21 - 63 2,3 3,9 0,002 0,554

V2 48,7 ± 11,7 48,3 ± 12,7 24% 26% Oct-63 16 - 63 2,9 4,6

V3 49,4 ± 10,3 48,3 ± 10,6 21% 22% 22 - 63 15 - 61 2,5 3,8

PRFS V1 5,73 ± 2,76 4,69 ± 3,15 48% 67% 0 - 10 0 - 8,78 0,68 1,13 0,001 0,79

V2 4,28 ± 3,28 4,62 ± 3,07 77% 66% 0 - 9,75 0 - 8,55 0,8 1,1

V3 4,36 ± 3,07 4,34 ± 3,19 70% 74% 0 - 9,28 0 - 9,03 0,75 1,14

Behavioural Dimension V1 5,98 ± 2,82 4,85 ± 3,36 47% 69% 0 - 10 0 - 9,33 0,69 1,2 0,003 0,72

V2 4,51 ± 3,49 4,94 ± 3,37 77% 68% 0 - 9,83 0 - 9,5 0,85 1,21

V3 4,54 ± 3,23 4,5 ± 3,41 71% 76% 0 - 9,83 0 - 9,5 0,79 1,22

Affective Dimension V1 5,75 ± 2,96 4,83 ± 3,38 52% 70% 0 - 10 0 - 10 0,73 1,21 0,001 0,809

V2 4,2 ± 3,42 4,66 ± 3,21 81% 69% 0 - 10 0 - 0,98 0,84 1,15

V3 4,29 ± 3,34 4,45 ± 3,31 78% 74% 0 - 9,8 0 - 0,92 0,82 1,18

Psychological V1 5,56 ± 2,81 4,51 ± 3,02 51% 67% 0 - 10 0 - 9,64 0,69 1,08 0,002 0,812

Dimension V2 4,18 ± 3,23 4,4 ± 2,98 77% 68% 0 - 10 0 - 8,36 0,79 1,07

V3 4,27 ± 3,00 4,18 ± 3,14 70% 75% 0 - 9,64 0 - 8,91 0,73 1,12

ANOVA Test with Repeated Measures; Tukey’s Multiple Comparison (Post Hoc). FSS, Fatigue Severity Scale; PRFS, Piper Revised Fatigue Scale; SD, standard 
derivation; Min, minimum values; Max, maximum values; CV, coefficient of variability; CI, Confidence Interval.
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Table 3 Classification of the fatigue according to the instruments

Classification of the fatigue
Visit 1 Visit 2 Visit 3 P-value between visits

N % N % N % V1-V2 V2-V3 V1-V3

FSS

 Active Group

Absent 1 1,60% 2 3,10% 3 4,70% 0,559 0,648 0,31

Light 3 4,70% 9 14,10% 6 9,40% 0,069 0,41 0,3

Moderate 18 28,10% 23 35,90% 25 39,10% 0,344 0,715 0,19

Severe 42 65,60% 30 46,90% 30 46,90% 0,033 1 0,033

Placebo Group

Absent 2 6,70% 3 10,00% 3 10,00% 0,64 1 0,64

Light 1 3,30% 3 10,00% 0 0,00% 0,301 0,076 0,313

Moderate 7 23,30% 9 30,00% 13 43,30% 0,559 0,284 0,1

Severe 20 66,70% 15 50,00% 14 46,70% 0,19 0,796 0,118

PRFS

Active Group

Absent 7 10,90% 19 29,70% 17 26,60% 0,008 0,694 0,024

Light 5 7,80% 6 9,40% 8 12,50% 0,752 0,571 0,38

Moderate 17 26,60% 18 28,10% 16 25,00% 0,843 0,689 0,84

Intense 35 54,70% 21 32,80% 23 35,90% 0,013 0,71 0,033

Placebo Group 

Absent 8 26,70% 8 26,70% 9 30,00% 1 0,774 0,774

Light 2 6,70% 1 3,30% 1 3,30% 0,554 1 0,554

Moderate 6 20,00% 6 20,00% 6 20,00% 1 1 1

Intense 14 46,70% 15 50,00% 14 46,70% 0,796 0,796 1

Two-Proportion Parity Test; Tukey’s Multiple Comparison (Post Hoc).

Table 4 MMT and MRC Index

Decreased muscle strength
Average - sd CV Min - Max CI P-value P-value between 

visits
V1-V2 V2-V3 V1-V3

Cervical Flexion PG V1 4,87 ±  0,35 7% 4 – 5 0,12 0,044 0,161 0,043 0,423

V2 4,93 ±  0,25 5% 4 – 5 0,09

V3 4,8 ±  041 8% 4 – 5 0,15

Trunk Flexion PG V1 4,77 ± 0,5 11% 3 – 5 0,18 0,044 1,000 0,012 0,031

V2 4,77 ± 0,5 11% 3 – 5 0,18

V3 4,57 ± 0,68 15% 3 – 5 0,24

Wrist and left hand 5º finger Abduction AG V1 4,88 ± 0,49 10% 2 – 5 0,12 0,046 0,159 0,228 0,019

V2 4,81 ±  0,61 13% 2 – 5 0,15

V3 4,73 ±  0,65 14% 2 – 5 0,16

Right Hip Flexion PG V1 3,73  ± 1,23 33% 1 – 5 0,44 0,007 0,326 0,003 0,017

V2 3,77  ± 1,25 33% 1 – 5 0,45

V3 3,5  ± 1,41 40% 1 – 5 0,5

Left hip Flexion AG V1 3,81 ± 1,42 37% 0 – 5 0,35 0,035 0,05 0,06 0,727

V2 3,92 ± 1,42 36% 0 – 5 0,35

V3 3,78 ± 1,37 36% 0 – 5 0,34

Improvement of muscle strength
Average - sd CV Min - Max CI P-value P-valor between 

visits
V1-V2 V2-V3 V1-V3

Right Shoulder Flexion AG V1 4,48 ± 1,07 24% 0 - 5 0,26 0,024 0,196 0,006 0,132

V2 4,38 ± 1,21 28% 0 - 5 0,3

V3 4,61 ± 0,92 20% 0 - 5 0,23
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Improvement of muscle strength
Average - sd CV Min - Max CI P-value P-valor between 

visits

V1-V2 V2-V3 V1-V3

Wrist and right 
hand

Opponent of the 
thumb AG V1 4,45 ± 0,71 16% 2-5 0,17 <0,001 0,863 0,003 <0,001

V2 4,44 ± 092 21% 0 - 5 0,23

V3 4,73 ± 0,67 14% 02-5 0,16

Wrist and left hand
opponent of the 
right thumb AG V1 4,28 ± 1,000 23% 0 -5 0,24 <0,001 1,000 <0,001 <0,001

V2 4,28 ± 9,97 23% 0 - 5 0,24

V3 4,64 ± 0,72 16% 02-05 0,18

PG V1 4,27 ± 0,78 18% 02-05 0,28 0,001 0,161 0,005 <0,001

V2 4,4  ± 0,72 16% 02-5 0,26

V3 4,7  ± 0,65 14% 02-5 0,23

Right Hip Abduction AG V1 3,92 ± 1,34 34% 0 - 5 0,33 0,001 0,001 0,541 0,002

V2 4,19 ± 1,23 29% 0 - 5 0,3

V3 4,25 ± 1,2 28% 0 - 5 0,29

PG V1 4,07 ± 1,16 29% 01-5 0,42 0,019 0,009 0,415 0,174

V2 4,43 ± 0,86 19% 02-5 0,31

V3 4,33 ± 1,03 24% 01-5 0,37

Right ankle Dorsiflexão AG V1 3,28 ± 1,87 57% 0 - 5 0,46 0,038 0,419 0,011 0,025

V2 3,25 ± 1,86 57% 0 - 5 0,46

V3 3,53 ± 1,75 49% 0 - 5 0,43

Eversion AG V1 3,47 ± 1,99 57% 0 - 5 0,49 0,045 0,109 0,021 0,124

V2 3,38 ± 1,96 58% 0 - 5 0,48

V3 3,64 ± 1,78 49% 0 - 5 0,44

MRCIndex

Proximal 
muscles Média - dp CV Min - Max CI P-value P-value between 

visits

V1-V2 V2-V3 V1-V3

Lower member AG V1 78,99 ±  18,92 24% 12,5 - 100 4,64 0,04 0,022 0,715 0,041

V2 80,75 ±  17,49 22% 15 - 100 4,29

V3 81,1 ± 17,04 21% 15 - 100 4,18

Right lower limb AG V1 77,86 ±24,27 31% 5 - 100 5,95 0,008 0,014 0,216 0,005

V2 80,13 ± 22,96 29% 5 - 100 5,63

V3 81,69 ± 23,23 28% 5 - 100 5,69

PG V1 79,67 ± 19,87 25% 35 - 100 7,11 0,035 0,039 0,042 0,691

V2 82,67 ± 17,89 22% 40 - 100 6,4

V3 78,83 ± 20,95 27% 20 - 100 7,5

ANOVA Test with Repeated Measures; Tukey’s Multiple Comparison (Post Hoc). SD, standard derivation Min: minimum values; Max, maximum values; CV, co-
efficient of variability; CI, Confidence Interval

Table continue

Discussion
To this day, the treatment of fatigue and MS in PPS is based on 

a non-pharmacological approach, lifestyle changes, physiotherapy, 
training programs and the prevention of secondary complications. 
Pharmacological options are not currently available yet.

Both Piracetam and L-carnitine play roles in energy metabolism, 
L-carnitine’s action is more evident at muscle level, whereas 
Piracetam’s action is at the brain. As such, this research can evaluate 

the two origins of fatigue referred to by PPS patients, as well as 
changes in these patients’ MS. No parallel was found in the literature, 
attesting to the ground-breaking aspect of this research. Two other 
studies evaluated the drugs together, but they useddistinct 
populations and differed from the objective and methodology of 
this research. However, the studies have shown the drugs have good 
bioavailability in conjunction and act in concentrations below the 
needed ones to act individually.10,18 Costa RAP et al.10 further found 
that the drugs act on mitochondrial metabolism, preventing and/or 
improving mitochondrial dysfunction.
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Other studies provided by Biolab Pharmaceuticals assessed the 
action of L-carnitine associated with Piracetam. Paim BA et al.9 
found a protective effect of the drugs against simvastatin-induced 
mitochondrial swelling in mitochondria isolated cells from heart, liver 
and musculoskeletal. Gagliano & De Nucci11 have shown that the 
combination of the fixed dose L-carnitine with Piracetam positively 
interferes in the mitochondrial metabolism, protecting muscle cells 
from myopathy induced by simvastatin.In addition, Ilha & De Nucci,12 
showed that the active principles did not present pharmacokinetic 
interaction, thus maintaining the individual effects of each drug. Silva 
FS. in your master dissertation compared Piracetam + L-carnitine to 
three other protective solutions and reported that the combination 
produced activation of Akt (p≤0.05). Akt, is a serine/threonine-specific 
protein kinase that plays a key role in multiple cellular processes such 
as glucose metabolism, apoptosis, cell proliferation, transcriptionand 
cell migration. It is involved in cellular survival pathways by inhibiting 
apoptotic processes as well ascapable of inducing protein synthesis, 
thus being a key signaling protein in cell pathways leading to skeletal 
muscle hypertrophy and general tissue growth.19

L-carnitine has an intrinsic interaction with bioenergetics processes, 
such as the transportation of fatty acids to the cellular mitochondria, 
transforming them in energy; it participates in the control of the 
mitochondrial acyl-CoA/CoA ratio, and in the perixisomal oxidation 
of fatty acids and production of ketone bodies. Thus, playing an 
important role in diseases linked to metabolic impairment.20

Skeletal muscles are the main reservoir of L-carnitine, its 
concentration is at least 50 to 200 times higher than in blood plasma. 
The daily requirement of L-carnitine is supplied to the body through 
endogenous biosynthesis and exogenous sources. Thus, carnitine’s 
homeostasis is maintained by a moderate rate of internal carnitine 
synthesis, dietary intake and efficient management by the kidney.21

It is suggested that patients with PPS present lower levels of 
carnitine in their skeletal muscles due to residual atrophy and new 
progressive muscular atrophy, which will contribute further to this 
deficiency, increasing the muscular metabolic deficit, and explaining 
the fatigue so prevalent in this population.

A study of Amyotrophic Lateral Sclerosis concluded that carnitine 
deficiency may influence the progression of systemic muscular 
atrophy.22

It showed that the muscles preferentially affected by the 
poliomyelitis virus23–25 were the ones where the most MS 
improvement was observed. This is probably because they have 
lower concentrations of carnitine and a higher energy deficit. With 
L-carnitine supplementation, these muscles will benefit from higher 
amounts of ATP through the oxidation of fatty acids, enhancing 
muscular performance.8 Therefore, this explains the MS improvement.

In addition, patients with PPS have a higher number of type I muscle 
fibres;26 L-carnitine shows a predilection for this type of fibre, leading 
to its hypertrophy. This is because L-carnitine acts on the oxidative 
metabolism, characteristic of this muscle fibre. It also participates in 
the removal of lactic acid from blood and muscles.27 Seeing as how 
these patients perform their daily activities in the same proportion as 
high intensity physical exercise,28 this promotes a reduction of free 
carnitine leading to lactate and pyruvate accumulation, which causes 
muscle fatigue.29,8

Thompson RT et al.30 assessed changes in high energy phosphates 
and intramuscular pH during physical exercise in patients with 

PPS, finding no metabolic abnormalities. However, these did not 
differentiate between the after-effects severity of the studied patients. 
Jagannathana NR & Wadhwab S31 assessed the residual after-effects 
of acute poliomyelitis with magnetic resonance imaging, finding 
a relationship between the presence or absence of intramyocellular 
lipids and the paralysis severity. Patients with severe after-effects 
showed absence of intramyocellular lipids, as well as a shortage or 
absence of creatinine, carnitine, and choline.

Two hypotheses were suggested for Piracetam’s role in improving 
musculoskeletal symptoms; the first one was as follows: Piracetam 
provides an increase in fluidity of the mitochondrial membrane,32 
acting as a regulator of mitochondrial function, due to the increased 
mobility and function of respiratory complexes;33 and the second one 
was: Piracetam promotes an improvement in the synaptic function,34 
thus, playing an indirect role on the muscles of patients with PPS. 
Therefore, it provides a decrease in fatigue and increased MS in 
patients with PPS.

The PG has shown a greater decrease in MS than the AG, suggesting 
that the fixed dose combination of L-carnitine with Piracetam and 
besides improving energy metabolism also slowed the progression of 
muscle weakness.In accordance with the actual knowledge, the role 
of Akt activation in the muscular strength and mass increase makes 
possible to speculate that this result could be explained by the action 
of the fixed combination activating the Akt signalling chain.

A carnitine deficiency is known to have significant deleterious 
effects on the Central Nervous System.20 The poliomyelitis virus 
also damaged some brain regions;35 as the brain is one of the areas 
responsible for the synthesis of carnitine,8 it is suggested that these 
lesions may further interfere with the metabolism of carnitine, 
which is already deficient in individuals with PPS. Thus, it can be 
said that fatty acids are not metabolised as they should be, increasing 
the concentration of saturated fatty acids in the membranes of brain 
cells, leading to symptoms related to central fatigue. L-carnitine 
is responsible for the removal of acyl-CoA compounds such as 
carnitine esters from mitochondria, resulting in a reduced ion flow 
in the respiratory chain, thus, avoiding the decrease of mitochondrial 
membrane fluidity.36

 Piracetam will potentiate this action, since it acts as a ‘metabolic 
booster’ modulating brain functions, acting with the mitochondrial 
membrane to increase its fluidity,32,33 therefore improving complaints 
related to central fatigue.

The treatment of fatigue and MS of patients with PPS using the 
fixed dose combination of L-carnitine with Piracetam was shown to 
be effective, with symptom improvement being proven. This is due to 
a good bioavailability of drugs, and their synergist actions.

Conclusion
The study population reflects the sample present at the PPS 

outpatient ward in the Sector of Research of Neuromuscular Diseases 
of UNIFESP, with an average age of 48,7 years, with the female sex 
being the most prevalent one.

The patients in this study had both peripheral fatigue, and central 
fatigue. The fixed dose combination of L-carnitine with Piracetam 
allowed to ascertain:decreased fatigue in all its aspects; increased 
MS in some muscle groups;areduced sample of muscle groups with 
decreased strength; demonstrated safety and tolerability in relation to 
the monitoring of AEs and laboratorial parameters.
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