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Abstract

In the attempt to elucidate if the “peripheral sink hypothesis” could be a potential mechanism of 

action for tau removal in passive immunotherapy experiments, we have examined tau levels in 

serum of chronically injected JNLP3 and tg4510 transgenic animals. Measurement of tau in serum 

of mice treated with tau antibodies is challenging due to the antibody interference in sandwich 

ELISAs. To address this issue we have developed a heat treatment protocol at acidic pH to remove 

interfering molecules from serum, with excellent recovery of tau. The present data show that pan-

tau and conformational antibodies do increase tau in mouse sera. However, these concentrations in 

serum do not consistently correlate with reductions of tau pathology in brain, suggesting that large 

elevations of tau species measured in serum are not predictive of efficacy. Here we describe a 

reliable method to detect tau in serum of transgenic animals that have undergone tau 

immunotherapy. Levels of tau in human serum are below the sensitivity of current assays, 

although artifactual signals are common. The method may be useful in similarly treated humans, a 

situation in which false positive signals are likely.
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Introduction

Tau is a natively unfolded, soluble protein that binds to and promotes assembly and 

stabilization of microtubules required for axonal transport and growth. In human tauopathies 
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such as Alzheimer’s disease (AD) the accumulation of hyperphosphorylated tau protein 

within the somatodendritic compartment of neurons leads to the formation of well-defined 

fibers called paired helical filaments (PHFs), the core of the neurofibrillary tangles (NFTs) 

(Jeganathan, et al., 2008,Mandelkow and Mandelkow, 2012,Witman, et al., 1976). In recent 

years, there have been promising studies describing how “extracellular tau” might be the 

culprit in propagation of tau pathology as disease progresses (Clavaguera, et al., 2009,de 

Calignon, et al., 2012,Frost, et al., 2009,Holmes, et al., 2014,Kfoury, et al., 2012,Wu, et al., 

2013). Even though it is not clear yet which pathological species of tau to target, recent 

studies have suggested that an immunotherapy approach can effectively prevent or possibly 

block the progression of tau pathology in transgenic mouse models (Asuni, et al., 

2007,Boutajangout, et al., 2010,Chai, et al., 2011,d'Abramo, et al., 2013,Theunis, et al., 

2013,Yanamandra, et al., 2015,Yanamandra, et al., 2013).

In the present study, we have examined tau levels in the serum of transgenic mice following 

chronic injections of antibody in order to explore the “peripheral sink hypothesis” as a 

mechanism of action for reduction of brain tau pathology. Being able to track changes in 

serum tau levels occurring as a result of antibody therapy might clarify the way tau 

immunotherapy works, together with acquiring a biomarker of pathology to monitor in 

blood.

Measurement of tau in serum of mice treated with tau antibodies is challenging due to the 

antibody interference in sandwich ELISAs. Hence, a heat treatment at acidic pH was set up 

and validated using mouse and human specimens. JNPL3 and Tg4510 mice, chronically 

injected either with pan-tau phospho-tau or conformational antibodies, showed a dramatic 

reduction of the apparent “tau” ELISA signal in serum after the heat protocol was applied. 

Surprisingly, pan-tau Abs were the only ones able to consistently increase tau concentrations 

in serum, even though no strong correlation with tau brain load has been found (d’Abramo 

et al, submitted). Furthermore, dose-response experiments showed that higher 

concentrations of pan-tau (DA9) or conformational (MC1) antibodies were able to further 

raise tau in serum following the concentration profile, again with no correlations of serum 

tau levels to changes in brain tau pathology. In acute experiments using pan-tau Abs, serum 

tau increases rapidly, peaking at 2 days post-injection.

Being able to accurately measure tau in human specimens represents a major goal in the AD 

field. The presence of HAMA (human antibodies against mouse immunoglobulin) in human 

plasma has been described in 30% of the population, and consequent interference by human 

anti-globulin antibodies in immunoassay has been reported in several studies (Dillman, et 

al., 1986,Maiolini, et al., 1980,Pimm, et al., 1985,Primus, et al., 1988,Schroff, et al., 

1985,Thompson, et al., 1986). In the attempt to translate our research into clinical 

applications, we have extended our method to human CSF and serum. While a nearly perfect 

correlation between heated/not-treated samples was seen in CSF, serum tau levels dropped 

to zero after pre-treating. These results support the idea that even though our assay is not 

sensitive enough to detect tau in human serum, we are able to completely eliminate the assay 

interference present in serum, a first step toward enabling reliable detection of serum tau in 

the future.
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2. Materials and Methods

2.1 Transgenic animals

JNPL3 transgenic animals were purchased from Taconic (Lewis, et al., 2000). Cohorts of 

female JNPL3 were used as a model of hyperphosphorylation and aggregation of tau 

protein. This transgenic line expresses human MAPT (4R0N) with the P301L mutation 

driven by the mouse prion promoter and develops neurofibrillary tangles in an age and 

gene–dose dependent manner, as early as 4.5 months.

The tg4510 transgenic animals were purchased and housed at MERCK laboratories 

(Santacruz, et al., 2005). This transgenic model carries the MAPT (4R0N) with the P301L 

mutation driven by the CamKII promoter element.

Starting at 3 months of age, JNPL3 mice were treated for 4 months with weekly 

intraperitoneal injections of purified tau monoclonal antibodies or saline. The antibodies 

were used at a dose of 10mg/Kg or 40mg/Kg, and 1X phosphate buffered saline was used as 

a negative control. The Tg4510 mice were treated for 10 weeks with10mg/kg antibody 

starting at 12 weeks of age. For JNPL3 the treated groups included 16 animals, the control 

group 29 mice, while the baseline cohort consisted of 22 mice sacrificed at 3 months of age. 

In the tg4510 experiments all the cohorts included 20 animals.

Euthanasia of mice was performed by decapitation under deep isoflurane anesthesia. 

Approval for the work reported here was obtained from the Feinstein Institute IACUC under 

protocol numbers 2007-029 and 2015-018.

2.2 Tau monoclonal antibodies

All monoclonal antibodies used were produced and purified in our laboratory, and have been 

divided into different groups, based on specificity for pathological tau: the pan-tau 

antibodies DA9 (AAs 102–140), and DA31 (AAs 150–190); two phospho-tau antibodies 

targeting phospho-epitopes present on both normal adult brain and PHF-tau, CP13 

(pSer202), and RZ3 (pThr231); a phospho-Ab directed to a phosphorylation site found just 

on PHF-tau, PG5 (pSer409); and one conformation-specific antibody MC1 that recognizes 

the epitope created by the folding of the N-terminus into the vicinity of the third repeat 

domain of tau. The antibodies used in the study are all IgG1 isotype, except for PG5, which 

is an IgG3. Information about the relative affinities of these antibodies has been provided in 

a previous publication (d'Abramo, et al., 2013).

Assays of antibody levels in serum were performed using plates coated with peptides 

specific either for DA31 (tau amino acids 150–190) or DA9 (tau amino acids 102–149). Sera 

samples were diluted 1:100 and added to the plate for 1h, followed by a goat antimouse IgG 

(heavy and light) HRP-secondary antibody diluted 1:500 in 5% milk. Biorad HRP substrate 

kit was used and added for 30’ and plates read at 415nm.

2.3 Low –Tau sandwich ELISA

Low-Tau sandwich ELISA was performed as already published (Acker, et al., 2013). 96-

well plates (Nunc) were respectively coated with DA31 at a final concentration of 6µg/ml in 
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coating buffer, for at least 48h at 4°C. After washing 3X in wash buffer, the plates were 

blocked for 1h at room temperature using StartingBlock Blocking buffer (Thermo Scientific) 

to avoid non-specific binding. Each plate was then washed 5X and 50µl of the appropriate 

sample was added to the wells, with 50µl of DA9-HRP detection antibody. Plates were 

incubated O/N shaking at 4°C and then washed 9X in wash buffer. 1-Step ULTRA TMB-

ELISA (Thermo Scientific) was added for 30’ at room temperature before stopping the 

reaction with 100 µl 2M H2SO4. Plates were read with an Infinite m200 plate reader (Tecan) 

at 450nm.

2.4 DNP ELISA

The monoclonal antibody Anti-Dinitrophenol (DNP) (IgG1) was purchased from Abnova 

Corporation. This “irrelevant” antibody was used to set up an assay able to further 

demonstrate the non-specific signal detected when loading the straight sera of immunized 

mice on tau ELISA. The method completely overlaps with the DA31 assay described in 

section 2.3 except for the coating (capture) antibody, which is anti-DNP.

2.5 Human specimens

De-identified samples of plasma and CSF from healthy controls and patients with 

Alzheimer’s disease were obtained from the clinical research program of the Litwin-Zucker 

Center.

2.6 Sodium Acetate (NaOAc) and Heat Treatment of serum, plasma or CSF samples

Utilizing the heat stability of tau, samples were prepared following a protocol previously 

described (Primus, et al., 1988). Briefly, CSF, plasma, or mouse serum samples were diluted 

1:3 in 0.2M NaOAc, pH 5.0 and heated at 90°C for 15 min. After heat treatment, samples 

were allowed to cool at 4°C for 15 min, and then spun at 15,000g for 10 min. Supernatant 

was collected and 7µl of 1M Tris buffer per 100µl of supernatant were added to samples to 

neutralize pH; samples were further diluted 1:2 in 20% Superblock, giving a total final 

dilution of 1:6. Sera not treated with NaOAc were removed from the initial aliquot and 

diluted 1:6 with 20% Superblock. All samples were stored at −80°C until use. DA31 Elisa to 

detect total tau was used as described above.

2.7 Statistical Analysis

Statistical analyses were performed with dedicated software (GraphPad Prism vs6). Data 

were analyzed by Unpaired t-test with Welch’s correction, with significance level set at 

p<0.05. Linear regression analysis was performed for all correlations.

3. Results

3.1 The NaOAc/heat-treatment does not affect tau concentration in serum

Measurement of tau in serum of mice treated with tau antibodies is challenging due to the 

antibody interference in sandwich ELISAs. The NaOAc heat-treatment protocol described in 

the “Materials and Methods” section has been validated using different control specimens. 

Preliminary experiments were conducted in order to determine the recovery of tau in serum. 
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Human serum was spiked with recombinant tau (0–12ng/ml) and assayed with the total tau 

ELISA showing that heat-treatment did not affect tau detection (Figure 1a). In addition, 

when analyzing the amount of tau in control (untreated) JNPL3 mouse sera, we have been 

able to show a strong correlation (r2=0.9686) between “with or without” heat-preparation 

samples (Figure 1b). Additionally, human CSF subjected to the same heat preparation 

protocol showed no differences (r2=0.9400) in terms of tau immunoreactivity in the assay 

(Figure 1c).

3.2 “Tau” ELISA signal detected in untreated sera from antibody-treated JNPL3 mice is 
dramatically elevated, with NaOAc/heat-treatment suppressing the ELISA artifacts

After confirming the efficacy of our method in assaying tau on controls, we tested the sera 

belonging to JNPL3 mice injected weekly with the tau-Abs (DA9, RZ3, PG5 and CP13) 

over a 4 months period. Apparent tau levels in the untreated sera of the antibody-injected 

animals were considerably elevated (>60ng/ml), together with some reactivity found in the 

baseline and PBS mice groups (~2–5ng/ml) (Figure 2a). Further analysis of the tau signal 

detected in the DA9 injected-mice group suggested that the elevated signal was an artifact. If 

the “tau-DA9 complex” present in serum had bound the capturing antibody on the ELISA 

plate, no signal would have been expected, since this complex would prevent binding of the 

HRP-coupled DA9 that is used as the detection antibody in our assay. Given that the heat-

treatment previously described allows removal of interfering molecules, including 

immunoglobulins, without affecting tau stability in serum, all sera from the P301L mice 

immunotherapy experiment were tested according to the heat-protocol. Following heat 

treatment, ELISA signals were dramatically reduced, being comparable to the untreated 

samples, but with DA9 and RZ3 groups still being slightly elevated compared to PBS-

injected animals (*p=0.039 and *p=0.036 respectively) (Figure 2b).

The very high artifactual signal in the serum of immunized mice was thought to be due to 

the presence of mouse antibodies to mouse immunoglobulins (“MAMI”). To confirm this, 

an “irrelevant antibody” was selected to build an immunosorbent assay. Anti-DNP (Anti-

Dinitrophenol) was used instead of DA31 as coating antibody, while DA9-HRP was kept as 

detection antibody in both assays. Untreated sera obtained from controls and DA9 injected 

animals were loaded on both ELISAs showing a complete overlap of the assays (Figure 3 

a,b). On the contrary, the NaOAc/heat treated sera exhibit a dose response signal in the tau 

assay, with complete suppression of the positivity in the “DNP ELISA” (Figure 3 c,d).

3.3 In tg4510 mice, DA9 and DA31 increase tau in NaOAc/heat extracted serum

Using the NaOAc/heat protocol on serum from tg4510 mice demonstrated that serum tau 

reached significantly higher levels than control groups after treating with DA31 

(***p<0.001) or DA9 (****p<0.0001) (Figure 4). Unlike the JNPL3 mice, the tau transgene 

in this model is under the control of the CamKII promoter, a neuronal specific promoter 

element, and consequently the two control groups, PBS and IgG, do not show any sign of 

tau leaking from peripheral tissues.
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3.4 In JNPL3 mice, dose-response experiments testing DA9 and MC1 result in increased 
levels of tau in serum

Dose-response experiments were performed in order to verify if increased concentration of 

antibody would produce any difference in clearing tau pathology from brain. DA9 and MC1, 

respectively tau linear sequence and conformational Abs, were each injected at low and high 

doses: 10mg/Kg and 40mg/Kg respectively. Evaluation of NaOAc/heat extracted serum 

following DA9 (preliminary data on smaller cohorts described in section 3.2) or MC1 at 

higher doses resulted in extensive increases in serum tau levels compared to the saline 

injected groups (DA9 high dose ****p<0.0001, MC1 high dose ****p<0.0001). The lower 

doses of injected antibodies also showed significant elevation of serum tau, but to a lower 

extent than the higher doses (DA9 low dose **p=0.0021, MC1 low dose *p=0.0269) (Figure 

5).

3.5 In acute experiments using pan-tau antibodies DA9 and DA31, serum tau reaches a 
peak at 2 days post-injection and rapidly decreases

An acute experiment was performed in order to clarify the effect of the pan-tau antibodies in 

modulating tau levels in serum. A small cohort of female JNPL3 mice were injected with 

10mg/Kg of DA9 or DA31 and monitored during a 25 days time frame. Mice were bled at 

different time points: one week before the injection (day -7), and on days 0, 2, 5, 12, and 25 

post-injection. The antibodies levels in serum were analyzed following the same time points, 

with DA9 being slightly more stable than DA31 (Figure 6 a,c). As displayed in Figures 6b, 

and 6d tau fluctuations follow a specific pattern with a peak detected at 2 days post-injection 

and a rapid drop of concentration at 5 and 12 days post injection, reaching the zero at 25 

days after the administration.

3.6 Human plasma shows provocative differences in tau reactivity after NaOAc/heat-
treatment

In our study, the human specimens included plasma from AD and healthy controls. While 

heat-treatment did not affect tau reactivity on CSF samples, plasma samples displayed an 

impressive reduction of the apparent tau signals after undergoing the heat extraction 

protocol (Figure 7).

4. Discussion

Experiments using acute brain slices from tau transgenic mice (Congdon, et al., 2013) have 

suggested that IgG could enter neurons by clathrin-mediated endocytosis following binding 

to low-affinity FcγII/III receptors. In the same direction a recent study (Collin, et al., 2014) 

has recently described the neuronal uptake of tau/pSer422 Ab in a passive immunotherapy 

study. On the contrary, a previous study in our lab has shown that monoclonal antibodies 

targeting tau pathology are not observed in the cell bodies of neurons (d'Abramo, et al., 

2013) at the doses we employ (10mg/kg). In the present study, we have investigated the 

hypothesis that tau could be released into plasma, as a result of a brain clearance 

mechanism, following immunotherapy treatments. Hence, we have examined total tau levels 

in serum of JNPL3 and tg4510 mice after 4-months of antibody exposure. We observed that 

measurements of tau in serum of mice treated with tau antibodies are challenging due to the 
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antibody interference in sandwich ELISAs. In the first set of experiments, when testing the 

sera belonging to JNPL3 mice treated with tau- Abs (DA9, RZ3, PG5 and CP13), we 

immediately noticed that tau ELISA signals in the straight sera of the immunized animals 

appeared considerably elevated, together with some reactivity found in controls. The 

presence of serum tau in the JNPL3 baseline and PBS cohorts did not come as a surprise and 

depends essentially on the expression of tau under the mouse prion promoter, probably 

resulting in tau leaking from tissues other than brain. Trying to decipher these data, we 

realized that the apparent tau signal detected in the DA9 immunized-mice group was an 

artifact. In fact, even if the “tau-DA9 complex” in serum had bound the capturing antibody 

on the ELISA plate, no signal should have been registered, since HRP-coupled DA9 is used 

as the detecting antibody in our assay and the presence of the injected DA9 bound to tau 

should preclude binding of the detection antibody. The most common explanation is that the 

increased tau signal is the result of a false positive bridge created by an antibody response 

against the antibodies injected, similar to the presence of HAMA (human antibodies against 

mouse immunoglobulin) in human plasma. Although it is not usual for mice to make 

antibodies to murine immunoglobulins, the presence of small amounts of denatured antibody 

and the injection schedule may explain this reactivity. Although the finding that antibodies 

are produced against antibodies is not novel, this is the first experiment that explores the 

issue in Alzheimer’s disease immunotherapy studies. Therefore, in this study, we have tested 

a NaOAc/heat treatment protocol aimed to remove interfering molecules, especially 

immunoglobulins from serum and reaching effectively 100% recovery of tau in animal and 

human control samples. Anti-DNP was used as “irrelevant” antibody to coat plates instead 

of DA31: as expected both assays gave strong positive signals when testing the untreated 

sera of immunized mice, indicating a non-specific signal. On the contrary, the NaOAc/heat 

treated sera resulted in a detectable signal just in the total tau ELISA, but not in the anti-

DNP assay. All sera from JNPL3 animals and from a parallel experiment conducted on 

tg4510 mice were further tested according to the NaOAc/heatprotocol: tau dramatically 

dropped to the control levels, except for the cohorts injected with DA9, DA31 and RZ3 still 

exhibiting some elevation of tau levels. Furthermore, dose-response experiments showed 

that higher concentrations of pan-tau (DA9) or conformational (MC1) antibodies were able 

to raise tau in serum to a greater extent, following a concentration profile. However, no 

significant correlation between tau brain load and tau concentration in serum was found 

(d’Abramo et al, submitted), questioning the “peripheral sink hypothesis” as a mechanism of 

clearance for tau in immunotherapy treatments. At present, it is unclear why pan-tau and 

conformational antibodies consistently raise the protein levels in serum, and we can just give 

voice to some speculations. Is tau in serum quickly degraded resulting in difficulties in 

detecting it? Do pan-tau and conformational antibodies recognize and “stabilize” a specific 

form of tau in serum? To better explore this issue, acute experiments using tau sequence Abs 

was performed. Serum tau fluctuations reached a peak at 2 days post-injection and 

dramatically decreased at day 5. The average post-injection levels at 2 days has been 

calculated to be around 15 ng/ml, the same range of concentration usually obtained after 16 

weeks of chronic injection in JNPL3 mice. This implies that in acute conditions we reach 

very quickly the same kind of tau levels detected after 4 months of chronic injection, 

followed by a prompt decline. At this short time point, it is highly improbable that the tau 

species detected in serum derives from NFTs. Furthermore, considering the lack of a strong 
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correlation between sera and brain data in the chronic experiments, it is plausible that tau 

detected in serum includes species with high affinities for both sequence and conformational 

antibodies, potentially extracellular forms of tau easily reached by the Abs and quickly 

released from brain and discharged into CSF and blood flow. The fact that these tau species 

have high affinity for both sequence and conformational antibodies, resulting in serum 

“stabilization”, provides additional information about the nature of the proteins released.

Considering the urgent need for sensitive technologies able to reliably capture AD 

biomarkers in blood, a small part of the study focused on trying to detect tau in human 

serum. The CSF data demonstrated the complete efficacy of this method in detecting tau 

with nearly perfect correlation between heat-treated and untreated samples. However, in 

serum the NaOAc/heat treatment dramatically cancelled any “tau signal”, suggesting that tau 

concentration in human blood is below the detection limit of our assay. On the other hand, 

we are now able to eliminate any background signal avoiding false positive data. Besides all 

the open questions, in this study we have set up a detailed and accurate method to measure 

tau in serum of transgenic animals that have undergone passive immunotherapy treatment. 

The future combination between the heat protocol and a more sensitive tau immunosorbent 

technology will represent the turning point towards a reliable and accurate detection of tau 

in human serum.

Acknowledgments

Supported by NIA grant R37 AG022102.

Abbreviations

AD Alzheimer’s disease
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NFTs neurofibrillary tangles
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NaOAc/heat Sodium Acetate heat treatment
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Highlights

• There are obvious and not-so-obvious artifacts in the measurement of tau in the 

serum of transgenic mice given tau immunotherapy.

• Taking advantage of the heat-stability of tau, a simple sodium acetate/heat 

protocol has been used, with excellent recovery of tau and complete removal of 

immunoglobulins..

• Tau sequence and conformational antibodies raise tau levels in serum

• In human serum tau levels are below detection, but the immunoglobulin artifacts 

can be suppressed.
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Figure 1. Validation of the NaOAc/heat treatment method using mouse and human samples
a, Human plasma (PL) is spiked with recombinant tau (rtau) followed by Na Acetate 

treatment: no signal is detected in plasma alone with or without Na Acetate (+ or – Acetate) 

treatment; plasma spiked with rtau produces the same signal with or without Na Acetate 

treatment. Values are expressed as optical densities (OD). b, tau concentrations in sera from 

control P301L mice show near perfect correlation (r2=0.9686) with or without Na Acetate. 

Serum tau is expressed as ng/ml. c, tau concentration measured in human cerebrospinal fluid 

(CSF) does not change on treatment with Na Acetate (r2=0.9400). CSF-tau is expressed as 

ng/ml.
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Figure 2. Serum tau in JNPL3 mice immunized with tau antibodies
a, If no treatment with NaOAc/heat is applied, the amount of tau in the serum of animals 

immunized with DA9, PG5, RZ3 or CP13 is much higher than in the baseline and PBS 

cohorts, (****p<0.0001). b, after treatment, sera tau levels are reduced but mice treated with 

DA9 and RZ3 have a slight increase of tau in serum (*p<0.05).serum tau is expressed as 

ng/ml. The bars on the figure show mean ± standard deviation.
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Figure 3. Comparison between DA31 and DNP immunosorbent assays on straight and NaOAc/
heat treated sera
a,b Untreated sera from control and DA9 immunized mice were tested on both total tau 

(DA31) and DNP assays exhibiting saturating signals : ng equilvalent refers to what the 

assay signal would be if it were tau. c,d Sera processed with the NaOAc/heat treatment show 

a dose response effect on DA31 ELISA (*p=0.0324 DA9 low dose, **p=0.0023 DA9 high 

dose), while the DNP signal is reset to zero. The bars on the figure show mean ± standard 

deviation.
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Figure 4. Serum tau in tg4510 mice immunized with tau antibodies
Tau in serum reaches higher levels than control groups when immunizing with DA31 

(***p<0.001) or DA9 (****p<0.0001). Serum tau is expressed as ng/ml. The bars on the 

figure show mean ± standard deviation.

d’Abramo et al. Page 15

Neurobiol Aging. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. Serum tau in dose-response experiments using DA9 or MC1 antibody
a, DA9 significantly raises tau levels in serum compared to the control cohorts, following a 

concentration profile (DA9 low dose **p=0.0021, DA9 high dose ****p<0.0001); b, same 

behavior is registered for MC1 (MC1 low dose *p=0.0269, MC1 high dose ****p<0.0001). 

serum tau. Serum tau is expressed as % Control since the data belong to separate 

experiments. The bars on the figure show mean ± standard deviation.
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Figure 6. In acute experiment, JNPL3 mice are dosed with a single injection of DA9 or MC1 and 
monitored for tau and Abs concentration in serum
a, DA9 concentration in serum, pre and post injection. b, tau in serum of DA9 injected mice. 

c, DA31 concentration in serum pre and post administration. d, tau in serum of DA31 

injected mice.
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Figure 7. Human plasma reactivity in tau ELISA
NaOAc/heat treatment removes all the interfering molecules that produce false positives in 

human serum, resulting in lack of signal in the total tau ELISA. Plasma tau is expressed as 

ng/ml. The solid circles represent samples from healthy controls, and the open circles 

samples from patients with Alzheimer’s disease. This distinction cannot be seen on the right 

side of the figure (plasma +acetate) as all 31 values are zero.
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