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Abstract: Brain-derived neurotrophic factor (BDNF), an important neural growth factor, has gained
growing interest in neuroscience, but many influencing physiological and analytical aspects still
remain unclear. In this study we assessed the impact of storage time at room temperature, repeated
freeze/thaw cycles, and storage at −80 ◦ C up to 6 months on serum and ethylenediaminetetraacetic
acid (EDTA)-plasma BDNF. Furthermore, we assessed correlations of serum and plasma BDNF
concentrations in two independent sets of samples. Coefficients of variations (CVs) for serum BDNF
concentrations were significantly lower than CVs of plasma concentrations (n = 245, p = 0.006).
Mean serum and plasma concentrations at all analyzed time points remained within the acceptable
change limit of the inter-assay precision as declared by the manufacturer. Serum and plasma BDNF
concentrations correlated positively in both sets of samples and at all analyzed time points of the
stability assessment (r = 0.455 to rs = 0.596; p < 0.004). In summary, when considering the acceptable
change limit, BDNF was stable in serum and in EDTA-plasma up to 6 months. Due to a higher
reliability, we suggest favoring serum over EDTA-plasma for future experiments assessing peripheral
BDNF concentrations.
Keywords: BDNF; brain-derived neurotrophic factor; serum; EDTA-plasma; stability; inter-assay
precision; acceptable change limit

1. Introduction
Brain-derived neurotrophic factor (BDNF) is one of the best studied neural growth factors.
Recently, BDNF became a candidate biomarker for mood disorders and schizophrenia [1,2].
Nevertheless, studies investigating BDNF lack reproducibility [3]. Confounders, which are often
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not taken into account, include the pre-analytical treatment of samples [4] and reproducibility of the
analytical method [5].
Currently, at least two distinct blood compartments for BDNF are known: (1) circulating BDNF
in plasma, and (2) the platelet pool of BDNF. The latter is reflected by serum concentrations because
BDNF is secreted into serum by activated platelets during blood clotting. Concentrations in serum are
typically higher than concentrations in plasma [6]. Analysis of BDNF in both compartments may be
of interest, because plasma BDNF concentrations reflect acute changes in humoral BDNF, and serum
concentrations reflect the platelet pool of BDNF [2].
Relationships between serum and plasma BDNF are also controversially discussed. High positive
correlations between serum and plasma BDNF concentrations in healthy volunteers have been
reported [7]. However, other studies could not reproduce these findings [4,8]. Physical exercise,
which was found to increase BDNF concentrations, influenced BDNF concentrations in serum to
a higher degree than in plasma [9]. Contrarily, in another study the effect of exercise was larger
in plasma samples than in serum samples [10]. Serum BDNF increased after longitudinal aerobic
exercise [11,12] and showed an association with thyroid hormone concentrations during antidepressant
treatment [13], while plasma BDNF did not [11,13]. Even opposite effects of interventions on BDNF
concentrations in serum and plasma have been reported: surgical stress increased plasma BDNF but
decreased serum BDNF [14].
Plasma BDNF concentrations are strongly influenced by pre-analytical conditions. They increase
up to seven-fold with increasing pre-centrifugation delay [4]. Serum BDNF concentrations increase
in the first 30 min after blood draw while clotting occurs, but after that seem to be stable [4,15–17].
In clinical studies, blood samples are often deep frozen and stored before analysis, which may be
a further factor influencing the concentrations. In an observational study a negative correlation of
serum BDNF with storage at −80 ◦ C was reported [18].
In this study, we addressed two questions. First, we assessed the stability of serum and
ethylenediaminetetraacetic acid (EDTA)-plasma BDNF when stored at room temperature, at −80 ◦ C,
and after repeated freeze/thaw cycles. We hypothesized that serum and EDTA-plasma BDNF
concentrations would remain inside the acceptable change limit [19] as calculated using the inter-assay
precision reported by the manufacturer of the BDNF analysis kit [20]. Second, we assessed the
correlation between serum and plasma BDNF in two independent sets of samples. Based on previous
data, we hypothesized a positive, albeit weak, correlation. Finally, we compared the reliability between
serum and plasma BDNF by calculating the coefficients of variation.
2. Results
2.1. Baseline Data
The study design is depicted in Figure 1. Anthropometric data of participants and measured
BDNF concentrations are presented in Table 1. In group one, mean BDNF concentrations at baseline
were 19.9 ± 0.8 ng/mL (mean ± SEM; SD 5.6; range 11.8–34.4) for serum and 3.2 ± 0.2 ng/mL (1.5;
0.8–6.7) for EDTA-plasma samples. In group two, mean BDNF concentrations were 24.3 ± 1.3 ng/mL
(5.9; 16.1–40.8) for serum and 5.1 ± 0.8 ng/mL (3.5; 0.3–18.0) for EDTA-plasma samples.
2.2. Stability Tests
In group one, mean serum BDNF concentrations at time point two (T2, “2 hrs storage at room
temperature”) were 21.5 ± 0.7 ng/mL (4.9; 11.8–34.4), at time point three (T3, “After 2nd freeze/thaw
cycle”) were 18.7 ± 0.8 ng/mL (6.0; 8.1–33.8), and at time point five (T5, “6 months storage at
−80 ◦ C”) were 19.2 ± 0.6 ng/mL (4.4; 11.7–29.1). Mean EDTA-plasma BDNF concentrations at T2 were
3.4 ± 0.2 ng/mL (1.7; 0.3–7.2), at T3 were 3.1 ± 0.2 ng/mL (1.6; 0.2–6.9), and at T5 were 3.7 ± 0.2 ng/mL
(1.8; 0.3–7.3) (Table 1, Figures 2 and 3). The coefficients of variation (CVs) at all analyzed time points
were significantly smaller in serum than in plasma (n = 245, t = −5.4, df = 4, p = 0.006, Table 1).
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change limit calculated with the inter-assay precision reported by the manufacturer of the ELISA
Mean BDNF concentrations at all included time points (T2, T3, T5) remained within the
kit [20] (Figure 2). Repeated measures of analysis of variance (ANOVA) and further post-hoc analyses
acceptable change limit calculated with the inter-assay precision reported by the manufacturer of the
between single time points would not be interpretable and therefore were not performed.
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2.3. Correlations between Serum and EDTA-Plasma BDNF
2.3. Correlations between Serum and EDTA-Plasma BDNF
Serum and EDTA-plasma BDNF concentrations correlated positively in both groups of samples
Serum and EDTA-plasma BDNF concentrations correlated positively in both groups of samples
(Figure 4). This positive correlation remained significant for all time points included in the analysis
(Figure 4). This positive correlation remained significant for all time points included in the analysis
(r = 0.455 to rs = 0.596; p < 0.004) (Figures 4 and A3).
(r = 0.455 to rs = 0.596; p < 0.004) (Figures 4 and B3).
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or of repeated freeze/thawing on BDNF concentrations. The inter-assay variation of our ELISA kit
was 9% (mean for all concentration ranges) [20], resulting in an acceptable change limit of ±24.9%.
All samples at one time point were measured with the same assay, and for every time point one assay
was used. A statistical analysis using ANOVA and further post hoc analyses would not account for
this inter-assay variability and thus would not be interpretable. Changes in BDNF concentrations
smaller than the acceptable change limit would be undetectable.
Several limitations of our study need to be discussed. First, blood from participants was not
collected on the same day, but within one month, leading to differences in storage time at −80 ◦ C
before baseline analysis. However, such a logistic delay is typical for clinical studies and cannot
always be excluded, and our results demonstrate that storage up to six months at −80 ◦ C does not
affect BDNF concentrations. Second, samples of group two were only given 20 min for coagulation.
A study, which was published after we performed our analyses, reported an increase of serum BDNF
concentrations with time when comparing coagulation times of 10 vs. 30 min [17]. A comparison of
20 and 30 min coagulation time has not yet been performed to our knowledge. We cannot exclude
that the serum BDNF values would be slightly higher if 30 min instead of 20 min coagulation time
had been allowed for the serum samples of group two as well. Third, the ELISA kit we used did not
show the best performance of six tested ELISA kits in a previous study [5]. Our kits were purchased
prior to the publication of Polacchini et al.’s research, so we could not implement these recent results
into our protocol. Fourth, our sample size was smaller than in other studies assessing correlations
of serum and plasma BDNF concentrations [7], but substantially larger than in previous stability
studies [4,15,16]. Fifth, the measurement at the “2 months storage at −80 ◦ C” time point (T4) likely
resulted from a laboratory error, but we cannot prove which error led to the data.
4. Materials and Methods
4.1. Participants
Blood draws were performed in 2010, and laboratory analyses were performed in 2010 and 2011.
Two independent groups of participants were recruited. Group one consisted of 15 healthy volunteers.
Blood was drawn twice from each volunteer, 106–180 min apart, on two different days, respectively.
One volunteer missed both blood draws on one of the two study days due to a cold, resulting in
a total sample size of n = 58 samples. Blood draws were conducted within one month. To avoid
influences of sex, and to exclude influences of the female hormonal cycle, group one included only
male volunteers. Group two consisted of 21 healthy volunteers (nine female). From each volunteer
of this group, blood was drawn once. All participants gave informed consent for participation in
the study. The research protocol was approved by the ethics committee of the University of Leipzig
(approval No. 246-2009-01122009 from 01.12.2009) and was in accordance with the latest version of the
Declaration of Helsinki.
4.2. Pre-Analytical Blood Sample Processing
Blood was drawn by venipuncture. For serum samples, 7.5 mL tubes were used (Sarstedt,
Nümbrecht, Germany), and after blood draw these were stored at room temperature (approx. 21 ◦ C)
for 30 (group one) or 20 (group two) min to allow for complete coagulation. Then, the tubes were
centrifuged for 10 min at 3500 rpm at 4 ◦ C, then pipetted into 1 mL aliquots in plastic vials (2 mL volume
size, Eppendorf, Hamburg, Germany) and deep frozen at −80 ◦ C until further analysis. For plasma
samples, 9 mL EDTA-tubes were used (Sarstedt). After blood draw, the EDTA-tubes were immediately
centrifuged (same parameters as above) and equally stored in 1 mL aliquots at −80 ◦ C.
4.3. BDNF Analysis
The serum and EDTA-plasma samples of group one were analyzed at five different time points
(Figure 1). The sample was taken out of the −80 ◦ C freezer and 120 min were allowed for thawing at
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room temperature (21 ◦ C) before analysis (“Baseline”; T1). After analysis, the same aliquot was stored
for two hours at room temperature and then analyzed again (“2 hrs storage at room temperature”;
T2) to test the short term stability of BDNF at room temperature. Subsequently, this aliquot was
deep frozen, thawed again the next day, and analyzed to test the stability of BDNF after a repeated
freeze/thaw cycle (“After 2nd freeze/thaw cycle”; T3). Then, this aliquot was again deep frozen and
stored at −80 ◦ C for two months before the next analysis (“2 months storage at −80 ◦ C”; T4). After
that, this aliquot was again deep frozen and stored at −80 ◦ C for another four months before the
last analysis (“6 months storage at −80 ◦ C”; T5). BDNF was measured using the Quantikine human
BDNF Immunoassay from R&D Systems, Inc., Minneapolis, MN, USA following manufacturer’s
instructions [20].
4.4. Statistical Tests
Statistical analyses were performed using SPSS version 22 (IBM, Chicago, IL, USA). Data
distributions were assessed before the analyses. To control for the influence of outliers, we used
the outlier labeling rule proposed by Hoaglin et al. [21]. CVs were calculated as the ratio of SD to
the mean. Statistical differences between serum and EDTA-plasma CVs were assessed using paired
sample Student’s t-tests. The two-tailed α-level was set to 0.05. The mean inter-assay precision for all
three measurement ranges as declared by the manufacturer [20] was multiplied by 2.77 to obtain the
acceptable change limit [19]. To evaluate any potential relationship between serum and EDTA-plasma
BDNF concentrations, we calculated Pearson’s or Spearmen’s coefficients of correlation, based on data
distributions. For all analyses, means, SEMs, SDs, and ranges are presented.
5. Conclusions
When considering the acceptable change limit of the used BDNF assay, concentrations in
both serum and EDTA-plasma where stable after 2 hrs storage at room temperature, after a
repeated freeze/thaw cycle, and after 6 months storage at −80 ◦ C. Serum and EDTA-plasma BDNF
concentrations were positively correlated. Serum measurements showed lower variability than
EDTA-plasma measurements, confirming previous studies. Therefore, we suggest favoring serum over
EDTA-plasma for future experiments assessing peripheral BDNF concentrations.
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Standard error of the mean

Appendix A
Disscussion of Measurement Error at “2 Months Storage at −80 ◦ C” (T4)
Results of the measurements “2 months storage at −80 ◦ C” (T4) showed very large variations, and
the coefficients of variation were 50 and 72% for the serum and EDTA-plasma samples, respectively.
Furthermore, individual values differed greatly from the results obtained from the previous (“After
2nd freeze/thaw cycle”; T3) and following (“6 months storage at −80 ◦ C”; T5) analysis of the same
sample (Figure A2). Here, we present a detailed further investigation of the data and explain why we
are confident that a measurement error had occurred, and why we excluded the “2 months storage at
−80 ◦ C” (T4) data from further interpretation of the data in the manuscript.
A first reason why we think that a measurement error occurred is that—in contrast to all other
time points—here the results were non-normally distributed (Figure A1). Six values were above the
upper limit of the measurement range. The error that occurred did not seem to be a systematic error
which would have led to systematically increased or decreased values. Although mean values of serum
and plasma samples decreased at this measurement, individual values changed in both directions
(Figure A2). This is also reflected by the increase of standard deviation (SD) and standard error of
the mean (SEM) at this measurement (for serum, increase of SD from “Baseline” (T1) to “2 months
storage at −80 ◦ C” (T4) from 5.6 to 7.8, SEM from 0.7 to 1.0; for plasma a calculation of SD and SEM
was not possible because six values were above the upper limit of detection). We could not detect
any pattern which explained the direction of alterations of single values. Furthermore, the positive
correlation between serum and EDTA-plasma BDNF concentrations disappeared (Figure A3). The
positive correlation of serum and plasma BDNF values, which we observed in the measurements at
all other time points was not present at the time point “2 months storage at −80 ◦ C” (T4) (Figure 4,
Figure A3). The strongest argument for a measurement error is that the same sample was analyzed
again four months later (“6 months storage at −80 ◦ C”; T5) and similar mean BDNF values, a similar
distribution, and similar serum-plasma correlations as compared to time points T1, T2, and T3 were
obtained (Figures 2–4, Figures A2 and A3). Therefore, we conclude that the results at T4 are likely
caused by a measurement error either due to a human factor or a problem with the ELISA kit or other
analysis materials (e.g., buffers) on the day of analysis.
In summary, the data indicate that the measurements at T4 are not reliable. Unfortunately,
we cannot assess retrospectively which laboratory procedures might have influenced the results.
We decided not to interpret these data. Finally, this result underlines the necessity to interpret BDNF
measurements with caution.
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