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Abstract

Background: Low circulating brain derived neurotrophic factor may promote cognitive deterioration, but the effects of
neurotrophic and combination drug therapies on serum brain derived neurotrophic factor were not previously investigated
in Alzheimer’s disease.

Methods: We evaluated the effects of Cerebrolysin, donepezil, and the combined therapy on brain derived neurotrophic factor
serum levels at week 16 (end of Cerebrolysin treatment) and week 28 (endpoint) in mild-to-moderate Alzheimer’s disease patients.
Results: Cerebrolysin, but not donepezil, increased serum brain derived neurotrophic factor at week 16, while the combination
therapy enhanced it at both week 16 and study endpoint. Brain derived neurotrophic factor responses were significantly
higher in the combination therapy group than in donepezil and Cerebrolysin groups at week 16 and week 28, respectively.
Brain derived neurotrophic factor increases were greater in apolipoprotein E epsilon-4 allele carriers, and higher brain derived
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neurotrophic factor levels were associated with better cognitive improvements in apolipoprotein E epsilon-4 allele patients

treated with Cerebrolysin and the combined therapy.

Conclusion: Our results indicate a synergistic action of Cerebrolysin and donepezil to increase serum brain derived neurotrophic
factor and delaying cognitive decline, particularly in Alzheimer’s disease cases with apolipoprotein E epsilon-4 allele.

Keywords: Alzheimer’s disease, brain derived neurotrophic factor, Cerebrolysin, combination therapy, apolipoprotein E

epsilon-4 allele

Introduction

Reduced brain and cerebrospinal fluid levels of brain derived
neurotrophic factor (BDNF) were found to be associated with cog-
nitive deficits in Alzheimer’s disease (AD) patients (Peng et al.,
2005; Ginsberg et al., 2006). We recently reported reduced levels of
BDNF serum levels in AD patients with apathy and in female AD
patients carrying the apolipoprotein E epsilon-4 allele (ApoE4).
Interestingly, these patients showed worse cognitive perfor-
mance than their respective comparison groups, which suggests
a negative impact of low circulating BDNF on cognitive function-
ing atleast in these subgroups of AD patients (Alvarez et al., 2014).
Although investigations on the influence of peripheral BDNF on
cognitive functions in AD patients are inconclusive, recent clini-
cal findings showing that higher BDNF serum levels are associ-
ated with a lower risk of developing AD (Weinstein et al., 2014)
and that aerobic exercise enhances BDNF plasma levels in AD
patients (Coelho et al., 2014), together with experimental evi-
dence indicating that circulating BDNF reflects brain-tissue BDNF
(Klein et al., 2011) and activates molecular and cellular substrates
relevant for hippocampal functions (Schmidt and Duman, 2010),
seem to support the hypothesis that interventions that enhance
peripheral BDNF signalling could represent an effective option for
delaying AD onset and/or cognitive decline.

Cerebrolysin is a peptidergic drug that demonstrated clinical
efficacy in mild to moderate AD patients (Alvarez et al., 2011,
Gauthier et al., 2015). This drug contains low-molecular weight
peptides and free amino acids and displays neurotrophic prop-
erties in experimental and clinical conditions (Alvarez et al.,
2011). Cerebrolysin enhanced the levels of insulin-like growth
factor-1 (IGF-1) in the sera of AD patients and of diabetic rats
(Alvarez et al., 2009; Georgy et al., 2013), increased the matura-
tion of nerve growth factor and the survival of cholinergic neu-
rons in the brain of a transgenic mouse model of AD (Ubhi et al.,
2013), and reversed the decrease of serum BDNF in a rat model
of Parkinson’s disease (Ahmed et al., 2014).

Taking into consideration that Cerebrolysin reduced the
activity of the glycogen synthase kinase-3 beta (GSK3beta) in
the brain of hAPP transgenic mice (Rockenstein et al., 2006) and
that lithium, a GSK3beta inhibitor, enhanced serum BDNF levels
in AD (Leyhe et al., 2009), we hypothesized an increase of serum
BDNF in AD patients after treatment with Cerebrolysin. In addi-
tion, Cerebrolysin might enhance the BDNF serum increase
found in AD patients after chronic treatment with the cholinergic
drug donepezil (Leyhe et al., 2008). Thus, in the present study we
investigated changes in BDNF serum levels and its correlations
with cognitive and clinical responses in AD patients treated with
Cerebrolysin, donepezil, or a combination of both drugs in a rand-
omized, double-blind, clinical trial (RCT) (Alvarez et al., 2011).

Methods

The present investigation was conducted in 158 patients with
mild-to-moderate probable AD included in a RCT (clinicaltrials.
gov number NCT00911807) that completed the study and were

suitable for the per-protocol analysis. Selection of study par-
ticipants followed inclusion and exclusion criteria as published
previously (Alvarez et al, 2011) and required a Mini-Mental
State Examination score between 12 and 25 and the exclusion
of clinically significant depression as defined by medical evalu-
ation and/or scores >15 in the 17-item subscale of the Hamilton
Depression Scale. Written informed consent was obtained from
all patients and caregivers before starting study procedures.
This trial was conducted in accordance with the last version
of the Declaration of Helsinki and with Spanish and European
Union regulations and was reviewed by Independent Ethics
Committees of the 3 participating sites.

Study characteristics of this RCT were previously described
(Alvarez et al., 2011), and patients were treated with either:
(1) Cerebrolysin (n=65) (10mL; 5 i.v. infusions per week dur-
ing weeks 1-4 and 13-16) plus placebo tablets (once daily, for
28 weeks); (2) donepezil (n=68) (5-mg tablets during weeks 14,
and 10-mg tablets during weeks 5-28; once daily) plus 40 i.v.
placebo infusions (saline; weeks 1-4 and 13-16); or (3) a com-
bined therapy (n=67) with Cerebrolysin (10mL; 40 i.v. infusions
as described above) plus donepezil (5mg on week 1-4, and 10mg
thereafter; once daily).

Blood samples for laboratory determinations were obtained
at baseline, week 16 (end of the period of treatment with
Cerebrolysin), and week 28 (study endpoint). Clinical evalu-
ations were done at the same time points by using the AD
Assessment Scale-cognitive subscale+ (ADAS-cog+), the
Clinical Interview Based Impression of Severity with Caregiver
Input, and the Neuropsychiatric Inventory (NPI) as previously
described (Alvarez et al., 2011). Apathy (apathy/indifference) and
depression (depression/dysphoria) items are scored in the NPI
according to the frequency (1-4, occasionally to very frequently)
and severity (1-3, mild to severe) of the symptoms. Total apa-
thy and depression scores (frequency x severity) range from 0
to 12 points, and NPI apathy-depression composite scores were
obtained by adding the scores of both items (range: 0-24 points).
The maximum sum score for the NPI-12 items is 144.

A butterfly-21 INT (Venisystems, Abbott Ireland Ltd., Sligo,
Ireland) was inserted into the antecubital vein, and blood sam-
ples were taken during the morning using evacuated blood col-
lecting tubes (Venojet, Terumo Europe N.V., Leuven, Belgium).
Serum samples were then extracted and stored at -40°C until
assays. Serum BDNF levels were measured by using specific
enzyme-linked immunosorbent assay kits as in previous stud-
ies (Alvarez et al., 2014).

BDNF, IGF-1, platelet count, and ADAS-cg+ data followed a
normal distribution (Kolmogorov-Smirnov test), but NPI apathy-
depression composite scores did not (1-sample chi-square test).
Paired t test and the Wilcoxon test were used for parametric and
nonparametric comparisons of paired samples, respectively.
Group comparisons were done by chi-square and ANOVA analyses
as appropriate. Treatment differences in BDNF responses at weeks
16 and 28 were analysed by ANCOVA using scores of BDNF change



from baseline as dependent variable and baseline BDNF levels
as covariate with appropriate corrections for age, platelet count,
gender, disease severity, (Clinical Interview Based Impression of
Severity with Caregiver Input), ApoE4 status (epsilon-4 allele pre-
sent or absent), treatment with selective serotonin reuptake inhib-
itors (yes, no), and NPI apathy-depression symptoms (present,
absent). Correlations were analyzed by using the Pearson’s lineal
correlation test. P < .05 was considered statistically significant.

Results and Discussion

Baseline serum BDNF concentrations and clinical characteris-
tics were similar in all 3 treatment groups (Table 1). A significant
increase of serum BDNF values with respect to baseline was
observed at week 16 in patients treated with Cerebrolysin alone
or in combination with donepezil (P=.023 and P=.007, respec-
tively), but not in patients receiving only donepezil (Table 1).
The rise of BDNF was still significant (P=.028) at week 28 in the
group of patients treated with the combined therapy, but not in
patients on Cerebrolysin monotherapy (Table 1). BDNF changes
induced by the combination therapy were significantly higher
than those observed in the donepezil (P=.023) and Cerebrolysin
(P=.035) groups at weeks 16 and 28, respectively (Figure 1). These
results indicate that the significant increase of circulating BDNF
induced by Cerebrolysin vanished 12 weeks after stopping its
administration and that the concomitant treatment with done-
pezil augments and prolongs the BDNF response to Cerebrolysin.
The effects of Cerebrolysin on peripheral BDNF were not pre-
viously investigated, but our results are consistent with the
enhanced production of BDNF induced by the drugin brain grafts
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of neural stem cells (Rockenstein et al., 2015) and in the serum of
a Parkinson’s disease rat model (Ahmed et al., 2014). An increase
of BDNF serum levels was reported after 15-month treatment
with donepezil in a sample of 19 AD patients (Leyhe et al., 2008),
but donepezil showed no effect on the decline of serum BDNF
levels observed over 2 years in subjects with remitted late-life
depression and mild cognitive impairment (Diniz et al., 2014).

The specific mechanisms through which Cerebrolysin
enhances circulating BDNF and donepezil potentiates this effect
have to be elucidated, but there is experimental and clinical
evidence suggesting that these BDNF responses might be medi-
ated by signaling pathways activated upon GSK3beta inhibition
and stimulation of alpha7 nicotinic acetylcholine receptors by
Cerebrolysin and donepezil, respectively. Cerebrolysin inhibits
GSK3beta as demonstrated in different experimental conditions
(Rockenstein et al., 2006; Hartwig et al., 2014), and this inhibi-
tion was found to be relevant for the neuroprotective effects of
the drug and might account, at least in part, for the increase of
serum BDNF induced by Cerebrolysin in AD patients. Inhibition
of GSK3beta induced by activation of the phosphoinositide 3
kinase (PI3K)/Akt pathway or by inhibitors such as lithium was
shown to enhance BDNF expression in experimental models and
AD patients (Leyhe et al., 2009). Given the fact that some protec-
tive effects of donepezil against neuronal death are mediated
by upregulation of alpha7 nicotinic acetylcholine receptors and
inhibition of GSK3beta subsequent to PI3K/Akt activation (Noh
et al.,, 2013), donepezil could potentiate the increase of BDNF
in response to Cerebrolysin by inducing additional GSK3beta
inhibition through stimulation of such receptors and PI3K/Akt
signaling.

Table 1. Effects of Cerebrolysin, Donepezil, and the Combined Therapy on BDNF Serum Levels in AD Patients: Results and Clinical Character-

istics of the Study Groups

Cerebrolysin Donepezil Combined Therapy
All patients (N) 52 52 53%

N (%) N (%) N (%)
Female gender 38(73.1) 40 (76.9) 43 (81.1)
APOE ¢4 allele 24 (46.2) 24 (46.2) 21 (39.6)

NPI apathy-depression
SSRI treatment

39 (75.0%)
19 (36.5%)

Mean+SD
Age (y) 74.65+6.65
MMSE (score) 17.27+4.25
NPI apathy-depression (score) 5.33+4.94
Free IGF-1 (ng/mL) 1.05+0.35
Platelets (x10%L) 229,00+68.01
Baseline BDNF (ng/mL) 13.76+8.55
Week 16 BDNF (ng/mL) 16.27+9.37*
Week 28 BDNF (ng/mL) 15.31+£9.97
Baseline ADAS-cog+ (score) 41.15+15.55
Week 16 ADAS-cog+ (score) 37.57 +16.94*
Week 28 ADAS-cog+ (score) 39.47+17.79

ApoOE4 patients (N) 24

Baseline BDNF (ng/mL) 10.39+7.08
Week 16 BDNF (ng/mL) 14.67 £9.05*
Week 28 BDNF (ng/mL) 15.04+10.25*
Baseline ADAS-cog+ (score) 43.49+12.97
Week 16 ADAS-cog+ (score) 39.41+15.46"
Week 28 ADAS-cog+ (score) 41.76+£16.71

41 (78.8%)
18 (34.6%)

43 (81.1%)
17 (32.1%)

Mean+SD Mean+SD
75.50+7.43 72.89+8.13
17.46+£4.27 17.75+4.67
4.10+4.16 3.75+3.64
0.88+0.25 0.96+0.31
223,79+43.76 223,13+57.72
16.62+9.10 15.40+10.67
16.61+10.25 19.50+12.15*
17.79+£9.89 19.07 £10.64*
40.51+16.21 39.79+17.89
37.22+17.33* 36.02+19.39*
39.78+18.29 37.68+19.33*
24 21
15.24+8.52 13.04+9.60
17.11+£8.79 19.26+12.55*
18.88+16.56 19.61+13.12*
43.94+16.49 33.30+12.50
42.04+17.04* 29.04+13.35*
43.89+17.66 31.12+14.10

Abbreviations: AD, Alzheimer’s disease; APOE, apolipoprotein E; ADAS-cog+, AD Assessment Scale-cognitive subscale+, BDNF, brain derived neurotrophic factor; IGF-I,
insulin-like growth factor-1; MMSE, Mini-Mental State Examination; NPI, neuropsychiatric inventory; SSRI, selective serotonin reuptake inhibitor.
Only samples from patients suitable for the per-protocol analysis data set were assessed.

*Samples were not available for 1 case in the combined therapy group.

*P<.05, **P<.01 vs baseline BDNF levels and baseline ADAS-cog+ scores (paired t test).
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Figure 1. Changes from baseline in brain derived neurotrophic factor (BDNF) serum levels in Alzheimer’s disease (AD) patients treated with Cerebrolysin, donepezil, or
a combination of both drugs. LS mean +SE. *P<.05 vs donepezil, and #P <.05 vs Cerebrolysin.

Elevations of peripheral IGF-1 found in AD patients after
Cerebrolysin treatment (Alvarez et al., 2009) might also contrib-
ute to the increase of serum BDNF levels induced by Cerebrolysin
and combination therapy, as it was demonstrated for anti-
depressants and exercise (Chen and Russo-Neustadt, 2007).
Interestingly, although none of the treatment options tested in
the present study increased free IGF-1 serum levels significantly
(data not shown), we found a significant positive correlation
between scores of change in BDNF and free IGF-1 from baseline
to week 28 in the combined therapy group (r=0.320; P=.021) and
in the sample of all patients treated with Cerebrolysin (r=0.238;
P=.015), but not in the group of patients treated with done-
pezil alone. These results confirm an interaction for the effects
of Cerebrolysin on the serum levels of IGF-1 and BDNF in AD
patients, but the extent to which changes in each of these neu-
rotrophic factors may influence the other appears rather limited.

Changes in BDNF levels at week 16 and week 28 correlated
negatively with baseline BDNF values in the total study popu-
lation (r=-0.444 and r=-0.488, respectively; P<.001), and these
correlations were significant in each of the treatment groups.
Overall, BDNF levels and scores of change from baseline showed
no significant correlations with measures of clinical efficacy,
including cognitive performance (ADAS-cog+), neuropsychiatric
symptoms (NPI), and global function (CIBIC+). However, despite
that no treatment differences were found for cognition in this
trial (Alvarez et al., 2011), significant increases in BDNF levels
were accompanied by significant cognitive improvements in
Cerebrolysin-treated patients at week 16 and in the combined
therapy group at weeks 16 and 28 (Table 1). In addition, in the
subgroup of ApoE4 patients, baseline BDNF levels correlated
negatively with scores of ADAS-cog+ change from baseline to
week 16 and week 28 in patients receiving Cerebrolysin (r=-0.408
and r=-0.400, respectively; P=.005 and P=.006), but were not sig-
nificant in the group of patients treated with donepezil alone.
The present results indicate that ApoE4 patients with higher
BDNF levels at baseline experienced greater cognitive improve-
ments (negative scores of ADAS-cog+ change denote cogni-
tive improvement) at the end of the Cerebrolysin treatment
period (week 16) and at endpoint (week 28). Since baseline

BDNF concentrations were reduced and BDNF responses were
enhanced in ApoE4 patients compared with no-ApoE4 cases of
all treatment groups (Table 1), it is suggested that drug-induced
increases in BDNF may also contribute to improvements in cog-
nition. In fact, enhanced BDNF levels at week 16 were associated
with greater cognitive improvements at the same time point
(r=-0.406; P=.006) and predicted a better cognitive performance
at endpoint too (r=-0.410; P=.005) in ApoE4 patients treated
with Cerebrolysin or the combination therapy. In these patients,
BDNF increases at week 16 were 2 to 3 times larger and ADAS-
cog+ improvements at 16 and 28 weeks were 1.7 to 2.4 points
higher than in patients receiving donepezil alone (Table 1).
Taken together, our results suggest the influence of ApoE4 on
BDNF metabolism are in support of a preventive role of BDNF for
delaying cognitive decline and point to the involvement of BDNF
in the effects of Cerebrolysin on cognition, at least in AD cases
with ApoE4. In this regard, it is worth noting the parallelism
that exists between the BDNF responses described here (Table 1,
Figure 1) and the combined responder rates (improvements in
both ADAS-cog+ and CIBIC+) previously reported (Alvarez et al.,
2011), which were similar at week 16 and at endpoint in the com-
bination therapy group (38.8% vs 37.3%) but declined over time
in patients on monotherapy either with Cerebrolysin (42.8% vs
31.3%) or donepezil (28.8% vs 21.2%). These results suggest a
synergistic effect of the combined therapy to enhance circulat-
ing BDNF and delay the clinical deterioration in AD patients.
Our present findings are in agreement with results of previ-
ous studies showing that higher BDNF serum levels were asso-
ciated with higher Mini-Mental State Examination scores and
with a slower rate of 1-year cognitive decline in AD patients, as
well as with a reduced 10-year incidence of dementia and AD in
the Framingham Heart Study participants (Lee et al., 2009; Laske
etal., 2011; Weinstein et al., 2014). The recent report of enhanced
peripheral BDNF levels and improved cognitive performance
after physical training in MCI patients (Nascimento et al., 2014)
is also in support of the associations we found for BDNF and
cognitive responses induced by treatment. The present study
does not allow us to explain either the mechanisms through
which increases in serum BDNF might influence cognition or



why the correlations of BDNF with cognitive improvement were
present in only ApoE4 patients. Experimental results showing
that peripheral/serum BDNF enhances neurogenesis, as well
as the expression of BDNF and signaling molecules in the hip-
pocampus of adult mice (Schmidt and Duman, 2010), provide
evidence of some potential mechanisms that might account for
the positive correlations of serum BDNF and cognitive perfor-
mance observed in our investigation. On the other hand, the
recent finding that some BDNF genetic variants were signifi-
cantly associated with measures of cognitive decline and hip-
pocampal and/or whole brain atrophy in AD patients (Honea
et al., 2013) suggests that interactions of BDNF polymorphisms
and ApoE4 might account to some extent for the associa-
tions of BDNF and cognition reported here and deserve future
investigation.

In summary, results of the present investigation indi-
cate that: (1) Cerebrolysin increases serum BDNF levels in
AD patients and the combined therapy with donepezil aug-
ments and prolongs this effect; (2) changes in BDNF and IGF-1
induced by Cerebrolysin and the combination therapy at end-
point are related; (3) treatment-induced BDNF responses were
higher in ApoE4 carriers; and (4) higher BDNF levels at baseline
and week 16 are associated with and predict a better cogni-
tive improvement in ApoE4 patients treated with Cerebrolysin.
Future studies are warranted to confirm our findings and over-
come limitations of this trial regarding the lack of a placebo-
control group, the reduced sample size, and the exclusion of
patients with clinically significant depression and prominent
neuropsychiatric symptoms. The effects of Cerebrolysin on
platelet GSK3beta activity and the potential influence of the
interactions of BDNF and APOE polymorphisms on BDNF and
cognitive responses are topics to be further investigated in AD
patients.
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