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Abstract:

Background: Paraoxonase-1 (PON1) is one of the HDL-associated proteins which contributes to the antioxidant properties of these

lipoproteins. The aim of this pilot study was to evaluate the effect of the nutritional supplement ALAnerv® on serum PON1 activity

in post-acute stroke patients undergoing rehabilitation.

Methods: We enrolled 28 post-acute stroke patients and randomly divided them into (–) ALA or (+) ALA study groups. All the pa-

tients underwent the same rehabilitation program and received comparable standard medications. Moreover, (+) ALA patients re-

ceived ALAnerv® for two weeks (2 pills/day). The serum PON1 activity was assessed on blood samples taken at the admission and

at the discharge moments, respectively. We used paraoxon (paraoxonase activity, PONA), phenyl acetate (arylesterase activity,

ARYLA) and dihydrocoumarin (lactonase activity, LACTA) as substrates, the latter activity being regarded as physiologically rele-

vant. A control group of 14 apparently healthy subjects was also created.

Results: In the (+) ALA group, LACTA significantly increased during the study period (17.6 ± 3.2 vs. 27.6 ± 3.5, p = 0.002). Moreo-

ver, the percentage of LACTA variation between (–) ALA and (+) ALA groups during the study was also statistically different (–11.7

± 6.9% vs. +95.1 ± 29.7%, p < 0.0001).

Conclusions: These preliminary results suggest that ALAnerv® could contribute to the improvement of the physiologically relevant

LACTA of PON1 in post-acute stroke patients, enabling this enzyme to contribute to the redox correction. Also, this study raises the

question about the effect of a longer treatment period over the other enzymatic activities of serum PON1.
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Abbreviations: BI – Barthel index, DHLA – dihydrolipoic

acid, GPx – glutathione peroxidase, HDL – high density lipo-

protein particles, HDL-C – HDL cholesterol, LA – lipoic acid,

LCAT – lecithine:cholesterol acyltransferase, Lp-PLA2 –

lipoprotein-associated phospholipase A2, PAF-AH – platelet

activating factor acetylhydrolase, PL – phospholipids, PON1 –

paraoxonase 1, PON2 – paraoxonase 2, PON3 – paraoxonase

3, TAG – triacylglycerol(s), TC – total cholesterol, VLDL –

very low density lipoprotein particles

Introduction

Serum paraoxonase 1 (PON1) (EC 3.1.8.1), para-

oxonase 2 (PON2) and paraoxonase 3 (PON3) form

a family of enzymes which are essentially lactonases

with a broad spectrum of substrate specificities [11, 31].

PON1 is synthesized by the liver and secreted into the
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blood where it becomes associated mainly with high

density lipoproteins (HDL) and to a lesser extent with

very low density lipoproteins (VLDL) and postpran-

dial chylomicrons [16]. PON1 acts on several physio-

logically relevant lactones, including drugs (i.e., spi-

ronolactones, lovastatin, mevastatin, and simvastatin),

homocysteine thiolactone and the N-acyl-homoserine

lactones produced by some Gram-negative pathogenic

bacteria (i.e., Pseudomonas aeruginosa) [4, 8, 22]. Be-

side the lactonase activity, PON1 also hydrolyzes or-

ganophosphorus compounds (i.e., paraoxon, chlorpyri-

fos, diazoxon) and phenyl acetate; namely it exhibits

paraoxonase and arylesterase activities [11].

PON1, alongside with lecithine:cholesterol acyl-

transferase (LCAT), lipoprotein-associated phospholi-

pase A2 (Lp-PLA2), platelet activating factor acetyl-

hydrolase (PAF-AH), and glutathione peroxidase

(GPx), is responsible for the antioxidant, anti-

inflammatory and antiatherogenic properties of HDL

[24]. These properties of PON1 could be explained

through different mechanisms: (i) lactonization of

oxidized fatty acids from lipoprotein phospholipids

with the subsequent hydrolysis (lactonase activity) of

the corresponding lactones, (ii) reduction of choles-

teryl ester hydroperoxides through a peroxidase like

activity, and (iii) stimulation of the cholesterol efflux

from macrophages [1, 2, 33, 36]. The aforementioned

oxidized compounds are important mediators of the

inflammatory response leading to initiation and devel-

opment of the atherogenesis phenomena [37].

In a specific population, there is a great variability

of both PON1 catalytic activity (40–50 fold) and con-

centration (13–15 fold) [32]. A major factor responsi-

ble for this situation is the existence of approximately

200 single nucleotide polymorphisms (SNPs) of

which L55M and Q192R, found in the coding region

of PON1 gene, are the most investigated [9]. Other

factors responsible for the variability include (i) the

qualitative and quantitative lipid composition of the

diet, (ii) consumption of dietary antioxidants (i.e., vi-

tamins C and E, quercetin, resveratrol, gallic and ella-

gic acids etc.), and (iii) use of different drugs (i.e.,

statins, fibrates, probucol, ezetimibe, aspirin, rosigli-

tazone etc.) [9, 13].

PON1 is very sensitive to oxidative stress and it is

well documented that different pathological condi-

tions (cardio- and cerebrovascular diseases, diabetes

mellitus, obesity etc.) are associated with a redox im-

balance characterized by low levels of PON1 activity

[6, 28, 35].

The present pilot study was aimed to investigate

the influence of the ALAnerv® nutritional supplement

on the activity of serum PON1 in post-acute stroke

patients undergoing rehabilitation. Because of the

PON1’s sensitivity to oxidative stress, we speculated

that using a nutritional supplement that contains lipoic

acid (LA), a redox active compound, could contribute

to the correction of serum PON1 activity in post-acute

stroke patients. It is documented the ability of LA to

participate in thiol/disulfide exchange reactions with

other biomolecules, making thus possible the correc-

tion of the redox status [18, 19, 25, 28].

Materials and Methods

Study population and design

The study population comprised 28 post-acute stroke

patients which were enrolled and randomly divided in

(–) ALA and (+) ALA study groups. The inclusion

criterion for both groups was the diagnostic of an

ischemic or hemorrhagic stroke in the previous 90

days before the enrollment. Cancer, chronic renal fail-

ure, chronic inflammatory, autoimmune and hemato-

logical disorders, smoking and chronic alcohol con-

sumption were pathological conditions used as exclu-

sion criteria. Patients who were under treatment with

vitamins and anti-inflammatory drugs during the two

months preceding the beginning of the study were

also excluded as well as patients with previous cere-

brovascular events (cerebral hemorrhage, hemorrha-

gic infarct, transient ischemic attack).

All patients were hospitalized for a period of two

weeks and underwent a standard rehabilitation pro-

gram, receiving comparable medication. Moreover,

patients from (+) ALA group received ALAnerv®

(2 pills/day) during the hospitalization period.

The serum PON1 activity using different substrates

(paraoxon, phenyl acetate, and dihydrocoumarin) was

evaluated in blood samples taken from (–) ALA and

(+) ALA groups and from a third group of 14 appar-

ently healthy volunteers (Controls), matching for age

and sex distribution. These subjects were recruited

from persons presented for routine medical control.

None had a previous cerebrovascular event (cerebral

hemorrhage, hemorrhagic infarct, transient ischemic

attack).
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From the patients belonging to the (–) ALA and (+)

ALA groups, two blood samples were taken, at the

begining of the hospitalization and at the discharge,

respectively; one blood sample was taken from each

subject belonging to the Controls group.

The BI scale was used to evaluate the patients’ abil-

ity to perform basic activities of daily living (ADLs)

[26]. This scale can be used to determine a baseline

level of functioning and to monitor the improvement

in ADLs over the time.

The ethics review boards of the National Institute

of Rehabilitation, Physical Medicine and Balneocli-

matology and “Elias” Emergency Hospital approved

the protocol of this study (1289/10.06.2009). In-

formed consent was obtained from all the subjects en-

rolled in the study or from their relatives. The medica-

tion used by all the subjects was recorded.

The biochemical tests as well as the statistical analy-

sis were blindly assessed in respect to those who per-

formed this part of the study. The patients from (–) ALA

group as well as controls were enrolled from ”Elias”

Emergency Hospital, while patients from (+) ALA

group were enrolled from National Institute of Rehabili-

tation, Physical Medicine and Balneoclimatology.

ALAnerv® composition description

Accordingly to the manufacturer specification sheet,

one soft gelatine capsule of ALAnerv® contains: a-li-

poic acid (300 mg), Borago officinalis (300 mg)

which contains 180 mg polyunsaturated fatty acids

(linoleic acid and g-linolenic acid), D-a-tocopherol on

sun flower oil basis (11.177 mg) which contains 7.5 mg

vitamin E, thiamine mononitrate 1.259 mg (equivalent

of 1.05 mg vitamin B1), riboflavin 1.320 mg (equivalent

of 1.2 mg vitamin B2), calcium pantothenate 5.396 mg

(equivalent of 4.5 mg vitamin B5), pyridoxine hydro-

chloride 2.010 mg (equivalent of 1.5 mg vitamin B6),

selenomethionine 0.069 mg with 25 µg selenium,

fatty acids triglycerides (60 mg), magnesium stearate

(14 mg), polyglycerol oleate (10 mg), soya oil and soya

lecithine complex (6 mg), food gelatin (177.940 mg),

glycerol (82 mg), titanium dioxide (1.520 mg), iron

red oxide (0.130 mg).

Laboratory measurements

Blood samples were collected into plain tubes, after

an overnight fasting of 8–10 h. Serum was aliquoted

in 1.5 ml tubes and stored at –80°C until analysis.

All the reagents were purchased from Sigma-

Aldrich (St Louis, MO, USA): O,O-diethyl-O-(4-

nitrophenyl) phosphate (paraoxon), phenyl acetate,

dihydrocoumarin, anhydrous CaCl2, Tris, Tris-HCl.

The spectrophotometric assays were performed using

a Shimadzu UV-VIS mini 1240 spectrophotometer

(Shimadzu Corporation, Kyoto, Japan).

The lipid profile was obtained by assessing TC,

TAG and PL with commercially available kits (Spin-

react, Spain). Total lipids were evaluated with a phos-

phovanilline reagent-based method, according to the

manufacturer instructions (Spinreact, Spain). HDL-C

was evaluated after precipitation with phosphotung-

stic acid and MgCl2 (Spinreact, Spain). The Friede-

wald formula was used for the estimation of the

LDL-C concentration.

The enzymatic activities of PON1 were assessed on

serum samples using previously described methods.

The paraoxonase activity (PONA) was evaluated us-

ing paraoxon as a substrate. The generation of 4-nitro-

phenol was followed spectrophotometrically at 412 nm

for 3 min (25°C) [7]. The enzymatic activity was cal-

culated using the molar extinction coefficient of

4-nitrophenol 17,100 M�1cm�1. One unit of PON1 ac-

tivity was defined as 1 nmol of 4-nitrophenol formed

during 1 min under the above mentioned assay condi-

tions. The arylesterase activity (ARYLA) was as-

sessed using phenyl acetate as a substrate, and the

generation of phenol was followed spectrophotomet-

rically at 270 nm for 1 min (25°C) [5]. The enzymatic

activity was calculated using the molar extinction co-

efficient of phenol 1,300 M�1cm�1. One unit of PON1

activity was defined as 1 µmol of phenol formed dur-

ing 1 min under the aforementioned reaction condi-

tions. The lactonase activity (LACTA) was evaluated

using dihydrocoumarin as a substrate, and the genera-

tion of 3-(2-hydroxyphenyl)-propionic acid was fol-

lowed spectrophotometrically at 270 nm for 3 min

(25°C) [10]. The enzymatic activity was calculated

using the molar extinction coefficient of 3-(2-hydroxy-

phenyl)-propionic acid 1,295 M�1cm�1. LACTA reflects

the total lactonase activity of the serum to which con-

tribute both PON1 and PON3 associated with HDL

particles.

Statistical analysis

The distribution of the results was tested with the

Kolmogorov-Smirnov test. The Mann-Whitney test

was used to evaluate the differences of the means be-
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tween the three study groups. In (–) ALA and (+) ALA

groups, for each biochemical parameter, we used Wil-

coxon and Mann-Whitney tests to compare the means

between the two moments of the study and the per-

centage of variation, respectively. The incidence of

the comorbidities and medication differences between

the three groups were evaluated with c2 test. Age dif-

ferences between the three groups were evaluated us-

ing the Kruskal-Wallis test. Multiple regression analy-

sis was used to evaluate the relations between inde-

pendent variables (baseline enzymatic activity,

ALAnerv® treatment, and incidence of diabetes melli-

tus) and a dependent variable (the enzymatic activity

at the discharge moment). Results are expressed as the

mean ± SEM (standard error of the mean). A p value

of < 0.05 was considered to be significant. Statistical

analysis was performed with the use of licensed

GraphPad Prism 5 software.

Results and Discussion

The aim of this pilot study was to investigate the ef-

fect of the consumption of the ALAnerv® nutritional

supplement on the serum enzymatic activities of

PON1, one of the HDL-associated proteins with anti-

oxidant properties. The study population consisted of

42 subjects organized in three groups: Controls,

(females/males, 11/3), (–) ALA (females/males, 7/7)

and (+) ALA (females/males, 7/7). The incidence of

ischemic and hemorrhagic strokes was 23/5. The

overall characteristics of the study population are

summarized in Table 1.

The great majority of the studies dealing with

PON1 investigated the activity of this enzyme in the

context of atherosclerosis and the risk of cardiovascu-

lar disease [30]. Also, the trials that studied PON1 in

relation to stroke focused on the acute-phase after the
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Tab. 1. Demographic, comorbidities and medication of the study groups

Controls (–) ALA (+) ALA p * p ** p ***

Demographic characteristics

Age (years) 63.4 (1.5) 67.1 (2.9) 64.0 (2.9) NS NS NS

Sex ratio (females/males) 11/3 7/7 7/7 NS NS NS

Time from stroke (range, days) – 36.1 ± 5.5 (12–86) 48.6 ± 7.4 (21–91) – – NS

Vascular risk factors

Hypertension N (%) 4 (28.6) 11 (78.6) 10 (71.4) NS NS NS

Diabetes mellitus N (%) – 2 (14.3) 6 (42.9) – – 0.044

Dyslipidemia N (%) 2 (14.3) 7 (50.0) 5 (35.7) NS NS NS

Coronary ischemic disease N (%) – 4 (28.6) 5 (35.7) – – NS

Carotid atherosclerosis N (%) – 7 (50.0) 3 (21.4) – – NS

Medication

Statins N (%) 2 (14.3) 11 (78.6) 8 (57.1) 0.002 0.048 NS

Antiplatelet agents N (%) – 3 (21.4) 3 (21.4) – – NS

Antithrombotic agents N (%) – 6 (42.9) 4 (28.6) – – NS

Anticoagulant agents N (%) – 2 (14.3) 4 (28.6) – – NS

Antidepressive agents N (%) 1 (7.1) 6 (42.9) 9 (64.3) NS 0.006 NS

Antiacids N (%) 6 (42.9) 7 (50.0) 8 (57.1) NS NS NS

Antihypertensive agents N (%) 3 (21.4) 7 (50.0) 8 (57.1) NS NS NS

ACE inhibitors N (%) 5 (35.7) 7 (50.0) 6 (42.9) NS NS NS

b Blockers N (%) 6 (42.9) 9 (64.3) 7 (50.0) NS NS NS

Acetylsalicylic acid N (%) 3 (21.4) 7 (50.0) 3 (21.4) NS NS NS

* Controls vs. (–) ALA; ** controls vs. (+) ALA; *** (–) ALA vs. (+) ALA; NS = non significant



cerebrovascular event, being a lack of information

about PON1’s activity in the case of post-acute stroke

patients. The redox imbalance following a stroke last

out even during the post-acute phase [27]. As previ-

ously mentioned, PON1 is very sensitive to oxidative

stress, being inactivated by free radicals [6, 27, 34].

Thus, it appears that using a nutritional supplement

with potential antioxidant properties can be a useful

approach to counteract the redox imbalance in post-

acute stroke patients enabling the correction of serum

PON1 activity. In our study, only stroke patients from

(–) ALA group, at baseline, had significantly lower

PONA values when compared to Controls, which is in

agreement with other studies [14, 34] (Tab. 2).

This could be explained through different ap-

proaches. On one hand, there is evidence suggesting

that inflammation is a major cause for PONA de-

creased values, as this situation was described in he-

modialysed patients known for having a chronic in-

flammatory state [23]. This is also the situation for

our stroke patients which have significantly increased

levels of IL-6 and TNF-a when compared to Controls

(unpublished data). On the other hand, it was found

that oxidative stress impairs the association of PON1

protein with newly synthesized HDL particles [17].

During the two weeks of the study, in the (–) ALA

group only PONA and ARYLA significantly in-

creased. On the other hand, in the (+) ALA group just

LACTA had a significant increase. Moreover, from

the three enzymatic activities only in the case of

LACTA it was found a statistically significant differ-

ence of the percentage of variation between the (–) ALA

and (+) ALA groups during the study period.

Recently, it was suggested that the 13-hydroper-

oxide of linoleic acid isolated from human carotid le-

sion lipid extract inhibits the LACTA of PON1 in

a dose- and time-dependent manner [35]. The loss of

this enzymatic activity is a direct consequence of the

interaction between the hydroperoxide and the PON1

residue Cys284. Moreover, addition of sulfhydryl-con-

taining compounds (i.e., cysteine, dithiothreitol) re-

stored PON1’s LACTA.

In vitro studies indicated that DHLA, the product

of intracellular reduction of LA, is excreted in the ex-

tracellular space, where it enables the regeneration of

different endogenous antioxidants (vitamins C and E,

and glutathione) [3, 21]. Thus, it could be speculated

that the use of ALAnerv® contributes to the regenera-

tion of different plasma antioxidants, including

sulfhydryl-containing compounds, leading to the pro-

tection of PON1 Cys284 residue, which is essential for

the lactonase activity of PON1.

Another observation that could be linked to the LA

content of the nutritional supplement is the fact that in

the (+) ALA group ARYLA had just an increasing

trend, without reaching statistical significance. This

observation is in partial agreement with a previous

study which indicated that feeding diabetic mice with

LA led to an increase of ARYLA [38].

ALAnerv® contains two w-6 polyunsaturated fatty

acids (PUFAs) (linoleic and g-linolenic acid) as well

as oleic acid as polyglycerol oleat. Moreover, soya oil

has a high content of both linoleic acid (up to 51%)
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Tab. 2. Comparison of the PON1 activity between the study groups

Groups Baseline Discharge Change (%) p valuea p valueb p valuec

PONA (UI/ml) Controls 233.0 (29.8) – – – 0.015/NS

(–) ALA 121.2 (24.1) 133.6 (27.3) 12.8 (5.6) 0.033 NS

(+) ALA 144.3 (29.0) 131.8 (24.0) –2.8 (8.9) NS

ARYLA (UI/ml) Controls 116.5 (12.4) – – – NS/NS

(–) ALA 100.3 (8.4) 121.7 (8.4) 26.8 (7.9) 0.011 NS

(+) ALA 96.9 (12.2) 118.3 (14.8) 26.9 (10.4) NS

LACTA (µmol/min/ml) Controls 11.5 (0.9) – – – NS/NS

(–) ALA 14.6 (1.2) 13.3 (1.6) –11.7 (6.9) NS <  0.0001

(+) ALA 17.4 (3.2) 27.6 (3.5) 95.1 (29.7) 0.002

a Baseline vs. 2 weeks; b difference in change (%) between baseline - 2 weeks; c comparisons controls vs. (–) ALA, and controls vs. (+) ALA, re-
spectively; NS = non significant; UI/ml = UI/ml serum



and oleic acid (up to 23%) [20]. The effects of oleic

acid on serum PON1 activity are inconclusive. Con-

sumption of oleic acid as di-oleoyl phosphatidylcho-

line was associated with significant increase of all

three enzymatic activities of PON1 in healthy subjects

[12]. On the other hand, it was found that consump-

tion of oleic acid or linoleic acid rich diets in conjunc-

tion with high intakes of vegetables did not lead to

a significant modification of paraoxonase activity of

serum PON1 [15].

Taking into account the aforementioned, it could be

speculated that LA and to a certain extent the fatty ac-

ids contribute to the correction of at least PON1’s

LACTA.

As we previously stated in the Introduction section,

because PON1 is mainly associated with HDL parti-

cles, and because ALAnerv® contains different lipids,

a complete lipid profile was done and compared be-

tween the three study groups (Tab. 3). At baseline, the

lipid profile was not statistically different between the

(–) ALA and (+) ALA groups, except for HDL-C.

The total lipids concentration was the only parame-

ter for which it was found a statistical significant dif-

ference between the beginning of the study and the

discharge moment, a situation that could be explained

by the high content of lipids of the ALAnerv® itself.

When comparing the percentages of variation be-

tween (–) ALA and (+) ALA groups, we found a sta-

tistical difference only for total lipids and HDL-C.

Statins and aspirin (acetylsalicylic acid) are major

drugs known for their ability to influence both enzy-

matic activity and PON1 gene expression. The

mechanisms through which these drugs modulate

both the activity and the gene expression are reviewed

elsewhere [9]. In our study population, there was no

statistical difference between the (–) ALA and (+)

ALA groups in respect to these drugs and thus their

influence on the dynamic of the enzymatic activities

of serum PON1 can be ruled out.

For the multiple regression analysis we used as in-

dependent variables the enzymatic activity at base-

line, the treatment with ALAnerv®, and the incidence

of diabetes mellitus as there is a significant difference

between (–) ALA and (+) ALA groups in respect to

this condition. The following models were obtained:

(1) PONA [R2 = 0.8676; R2adj = 0.8467; F (3, 19) =

41.49; p < 0.05], (2) ARYLA [R2 = 0.4335; R2adj =

0.3441; F (3, 19) = 4.85; p = 0.01], and (3) LACTA

[R2 = 0.7537; R2adj = 0.7148; F (3, 19) = 19.38; p <

0.05]. The influence of different independent vari-

ables on the dependent one are presented in Table 4.

From these results it can be seen that the LACTA at

the discharge is significantly influenced by the base-

line value of LACTA as well as by the treatment with

ALAnerv®. On the other hand, for the other two enzy-

matic activities the activity at the discharge moment is

significantly influenced only by the baseline activity.

In the regression model used we also introduced the
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Tab. 3. Lipid profile in the (–) ALA and (+) ALA groups

Group Baseline Discharge Change (%) p valuea p valueb

Total lipids (g/l) (–) ALA 5.7 (0.2) 5.0 (0.2) –12.3 (3.5) 0.005 <  0.001

(+) ALA 5.8 (0.3) 7.4 (0.4) 29.5 (4.8) 0.001

TC (mmol/l) (–) ALA 3.7 (0.3) 4.0 (0.3) 9.4 (6.6) NS NS

(+) ALA 3.9 (0.3) 4.0 (0.3) 4.9 (5.8) NS

TAG (mmol/l) (–) ALA 1.5 (0.1) 1.4 (0.1) –0.5 (6.3) NS NS

(+) ALA 1.4 (0.1) 1.7 (0.2) 17.9 (10.0) NS

HDL-C (mmol/l) (–) ALA 1.5 (0.1) 1.7 (0.2) 20.1 (12.7) NS 0.021

(+) ALA 0.9 (0.1) 0.8 (0.1) –9.3 (4.7) NS

LDL-C (mmol/l) (–) ALA 1.8 (0.2) 1.7 (0.2) 2.1 (18.6) NS NS

(+) ALA 2.7 (0.3) 2.8 (0.3) 10.6 (9.1) NS

PL (mmol/l) (–) ALA 2.6 (0.1) 2.7 (0.1) 3.6 (5.1) NS NS

(+) ALA 2.5 (0.1) 2.7 (0.2) 8.6 (4.8) NS

a Baseline vs. 2 weeks; b difference in change (%) between baseline vs. 2 weeks; NS = non significant



incidence of diabetes mellitus because it is the only

pathological condition for which there is a significant

difference between (–) ALA and (+) ALA groups.

None of the three enzymatic activities was influenced

by this condition in the regression model.

Finally, in both (–) ALA and (+) ALA groups, the BI

values significantly increased during the study period

(56.1 ± 3.2 vs. 60.0 ± 3.3, p < 0.001, and 38.6 ± 8.0 vs.

52.3 ± 7.2, p < 0.001, respectively). There was also

a statistically significant difference between the percent-

age of variation between the two groups (7.2 ± 1.2% vs.

48.4 ± 17.7%, p = 0.019).

A limitation of the present study is the low number

of patients enrolled in the two study groups. On the

other hand, the time period during which these sub-

jects received the nutritional supplement was short.

Conclusions

In conclusion, this study suggests that the use of the

ALAnerv® nutritional supplement could be an alter-

native for the correction of at least the physiologically

relevant lactonase activity of serum PON1. Moreover,

an important aspect of the future research would be to

evaluate the effect of a higher ALAnerv® dose used

for a longer time period upon the enzymatic activities

of serum PON1.
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