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ABSTR ACT: The evaluation of concussed athletes, including testing to determine if and when they may return to play, has become an important task 
of athletic trainers and team physicians. Currently, concussion protocols are in place, which depend largely upon assessments based upon neurocognitive 
testing (NCT). The authors have evaluated the use of a biomarker of brain trauma, marinobufagenin (MBG), and compared its application in concussed 
athletes with the performance of NTC. We found a disparity between these two testing procedures. In this communication, the findings of these compara-
tive data are presented. We noted that athletes whose NCT evaluations had returned to baseline and who were allowed to again participate in play then 
showed a recurrence of elevated urinary MBG excretion. These observations raise concern as to the processes currently in effect with regard to the decision 
as to returning athletes to the full activity. They suggest a need for further evaluation.
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Introduction
Head injury is a growing concern within the athletic community, 
especially with regard to mild traumatic brain injury (or con-
cussion). Despite substantial leaps forward in defining the exact 
parameters of a concussion, the line between healthy and recov-
ering is not yet clear. This dilemma becomes particularly prob-
lematic when deciding if an athlete should return to play;1,2 to 
wit, minor issues can become much more serious if a recovering 
player rejoins his teammates too soon. While neurocognitive 
testing (NCT), such as the ImPact test, has shown some prom-
ise in determining whether a player should be allowed back on 
the field, there is much debate as to how effective and reliable 
these neurocognitive tests actually are in making that determi-
nation.3–6 Our laboratory has focused on revealing player status 
in a quantitative manner that allows for better understanding of 
the individual athlete’s overall health and safety.

Although concussions are multisymptomatic, they are all 
characterized by varying levels of inflammation7,8 and the pro-
duction of vascular leak, including increased permeability in 
the blood–brain barrier.9 This damage causes an elevation in 
the concentration of a circulating cardiotonic steroid substance 
called marinobufagenin (MBG), which both participates in the 
initiation and the maintenance of the inflammatory response 

to the trauma and subsequently influences the permeability 
of brain endothelial cells.9 MBG has been demonstrated to 
upregulate apoptosis, leading to alterations in the gap junctions 
between endothelial cells. This leakage can lead to further 
brain damage, which could have severe long-lasting effects.

MBG is a member of a class of steroid compounds referred 
to as the cardiac glycosides or cardiotonic steroids, which con-
sists of two groups, the bufodienolides (which includes MBG) 
and the cardenolides (Fig. 1). While these two groups are simi-
lar (but different) in their chemical structures, they demonstrate 
similarities in their actions. Both groups inhibit the ubiquitous 
enzyme sodium/potassium adenosine triphosphatase (Na+/K+ 
ATPase).10,11 Because of this inhibition, they can cause hyper-
tension through vasoconstriction, alter heart muscle function 
(acting as cardiac inotropes), and lead to elevated sodium in the 
urine.10,11 These effects occur both because of (1) the actions of 
the bufodienolides to upregulate the MAPK-signaling system, 
leading to alterations in intracellular calcium concentration,11 
and (2) their ability to impair the integrity of the vascular endo-
thelium.9,12,13 MBG has also been linked to tissue injury.14,15 
Our investigation includes quantitative urinary measurements 
of MBG concentrations at given time points before and follow-
ing concussion, which indicate its potential importance in its 
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capacity to distinguish between healthy, recovered concussed 
athletes and those who should be withheld from participation 
in organized athletic activities.

Materials and Methods
Ethics. Ethical approval for the research was granted 

by the Office of Research Compliance, Texas A&M Uni-
versity (TAMU IRB2011-0757). Subjects gave their writ-
ten, informed consent to participate in the research. The 
study was conducted in accordance with the Declaration of 
Helsinki.

Neurocognitive examination. Because neurocogni-
tive tests are the most common method of the analysis of 

concussion recovery time, they were also used in our study. 
Also, because these examinations tend to be subjective, two 
types were administered. When a player first arrives to join 
the football program, a preliminary ImPact test16 was per-
formed as a baseline. During any concussive incident, another, 
less formal, test called the C3 Logix was performed.17 C3 
Logix is a new application for Apple’s iPad that allows for a 
patient to perform tasks ranging from simple reaction time 
and shape matching with more mentally demanding tasks 
such as complex hand-and-arm coordination movements 
(Neurologix Technology, Inc., Cleveland, OH, USA). In the 
vast majority of cases, before a player is cleared to return to 
practice, he must pass both the C3 Logix and a repeat ImPact 

Figure 1. Chemical structures of the “cardiotonic steroids” (cardiac glycosides). The cardenolides are on the left and the bufodienolides on the right.
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examination. While C3 Logix has many components, the 
most easily quantifiable is the symptom score. A symptom 
score is based upon a number of physiological characteristics 
as determined by the training staff (ie, sleep patterns, sore-
ness, fatigue, blurry vision, etc). Because the C3 Logix and the 
ImPact symptom score criteria are similar in nature, only the 
C3 Logix score was used for analysis. The two tests had very 
comparable scores when they were given at the same time, 
but the C3 Logix test is administered much more frequently 
and thus provided more data points for examination. Before 
a player was cleared to return to practice, he was required to 
pass both the C3 Logix and a repeat ImPact examination.16,17

Acquisition and analysis of samples. During the pre-
season (spring of 2014), 110 urine samples were obtained from 
football athletes to act as baseline values for MBG excretion 
(Fig. 2). In addition, the initial measurements of MBG after a 
concussion have also been plotted in Figure 2. In the event of 
a concussion at any point during the season, multiple samples 
were again taken from the individual at 24, 48, 72, and 96 hours 
with a final sample at 2 weeks postconcussion. However, due 

to the demanding schedule of a D1 football program, these 
time points varied slightly. Values were graphed in Microsoft 
Excel and plotted to best reveal trends of MBG concentration 
that occur during the recovery period (Figs. 3–8).

Quantification of MBG. In order to accurately mea-
sure MBG in the urine of the athletes, an enzyme-linked 
immunosorbent assay was performed employing polyclonal 
antibodies.18 A standard curve of MBG was prepared in start-
ing block buffer that had a concentration range from 9 pg/mL 
to 2 mg/mL. Plates were coated with a MBG–beta lactoglob-
ulin complex for the baseline concentration and washed with 
Tris-buffered saline and Tween 20. Each sample and MBG 
dilution were added at 50  µL/well and allowed to incubate 
with the primary antibodies at room temperature for 3 hours. 
After the first addition of antibodies, the plate was washed 
again before adding the secondary antibodies and allowed to 
incubate for another hour. After a final washing, the addi-
tion of QuantaRed (Thermo Scientific, Rockford, IL, USA) 
enhanced chemifluorescence, and horseradish peroxidase 
substrate (Thermo Scientific) was combined and fluorescence 
with 544 excitation and 600 emission was measured using a 
BioTek plate reader (Biotek Instruments Inc., Winooski, VT, 
USA). The urinary concentration of creatinine was also mea-
sured (NOVA 16 autoanalyzer, Nova Biomedical, Waltham, 
MA, USA). The urinary concentration of MBG in pg/mL 
of urine was corrected for urinary flow rate and alterations 
in glomerular filtration rate by dividing its urinary excretion  
(in picogram per milliliter) by the urinary creatinine concen-
tration (in milligrams of creatinine per milliliter), yielding the 
MBG concentration in pg/mg creatinine. The value of MBG 

Figure 2. MBG levels in concussed athletes (filled circles) compared to 
those obtained prior to spring training (filled diamonds).

Figure 3. MBG levels (in blue) and symptom scores (in red) in patient 
PIO97 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.
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Figure 5. MBG levels (in blue) and symptom scores (in red) in patient 
PIO84 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.

Figure 6. MBG levels (in blue) and symptom scores (in red) in patient 
PIO48 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.

Figure 7. MBG levels (in blue) and symptom scores (in red) in patient 
PIO83 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.
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Figure 4. MBG levels (in blue) and symptom scores (in red) in patient 
PIO27 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.

obtained was plotted versus symptom score. The latter was 
obtained at several time points during the first week to 10 days 
postconcussion until the value had returned to baseline. 
The MBG determinations were continued for several days 
postconcussion.

Results
In Figure 2 are presented data for 110 athletes for whom 
urinary MGB concentrations were measured prior to the 
beginning of spring practice and for 6 athletes beginning 
shortly after they suffered a concussion. All the values for 
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Figure 8. MBG levels (in blue) and symptom scores (in red) in patient 
PIO50 before and after concussion. The vertical black line represents the 
return of the athlete to full participation.

the pretraining specimens were 140 pg/mg creatinine or less 
(Fig. 2). With one exception, all the values for the concussed 
athletes exceeded 500 pg/mg creatinine, including several in 
the thousands. In the single instance in which the postcon-
cussion value was within the normal range (it was 89 pg/mg 
creatinine), that athlete’s baseline level of MBG was almost 
undetectable. In Figures 3–8 are presented the individual 
values of six concussed athletes in whom both symptom 
score (in red) and MBG values (in blue) were obtained. In 
each case, there was a divergence between the two measure-
ments. In patient PIO197 (Fig. 3), the MGB measurement, 
which like the symptom score began to decline postconcus-
sion, again rose to a rather high value (1,400 pg MBG/mg 
creatinine) at a time when the symptom score had returned 
to normal (baseline) level. A similar situation was seen in 
patient PIO27 (Fig. 4), PIO84 (Fig. 5), and PIO48 (Fig. 6). 
In patient PIO83 (Fig. 7) the MBG value remained elevated 
throughout the 9-day postconcussion period during which it 
was measured, although the symptom score returned to base-
line at 3 days postconcussion. In the case of patient PIO50 
(Fig. 8), the MBG value declined but remained at a relatively 
high level (1,500 pg MBG/mg creatinine) for 20 days post-
concussion. Comparisons of NCT and MBG levels were not 
available once the athletes returned to plan. This was a result 
of the fact that NCT was discontinued once the athletes were 
cleared to resume full football activities.

Discussion
For many years, it has been standard practice to evalu-
ate head trauma patients with NCT both to diagnose the 

potential seriousness of their injury as well as to follow them 
posttrauma over time.1,19–25 This has been the case in both 
civilian and military head trauma cases.21,26–28 Recently, evi
dence has accumulated indicating that this approach may 
not represent the “gold standard” as had been thought to be 
the case previously.2–5,29 However, because NCT was not 
continued after contused athletes returned to play, in the 
current report, no comparison with MBG levels could be 
performed. However, the imaging technique diffusion tensor 
imaging (DTI) has been identified as a potentially more reli-
able measure of the degree of seriousness of the brain insult 
as well, perhaps, as its longevity.3–5,30,31 Although DTI was 
not performed in the studies reported in this communica-
tion, it is the basis for a planned study in which NCT, MBG 
levels, and DTI will be compared in mild TBI. Should the 
results of such a study indicate that MBG measurements and 
DTI results agree as to both the presence and longevity of 
brain abnormalities, these two test methodologies could pro-
vide important new indications of the presence and/or degree 
of import of the traumatic brain insult. In particular, these 
techniques could obviate the possibility that the second impact 
syndrome could be present.32

In other clinical and experimental settings, MBG has 
been demonstrated to serve both as an indicator and as a 
prognosticator as well as a pathogenetic agent of injury. 
Thus, in an animal model of the pregnancy-dependent 
hypertensive syndrome, preeclampsia (PE), MBG was 
elevated before the advent of the hypertension and protein-
uria.33,34 In addition, the antagonist of MBG, resibufagenin 
(RBG), corrected the hypertension in the rat model of PE 
and prevented hypertension, proteinuria, and intrauterine 
growth restriction if given early in pregnancy to animals 
destined to develop this syndrome.35–37 Furthermore, in a 
small series of PE patients (n = 19), MBG was elevated in 
85% of the samples compared to those obtained in normal 
pregnant patients (n = 34).38

In rats in which traumatic brain injury had been induced, 
urinary MBG was elevated above that obtained in sham ani-
mals and was reduced to sham levels in rats treated with RBG 
24 hours after the imposition of a brain contusion.39 Further-
more, on histologic examination of the brain, RBG reduced 
gliosis and vascular injury and prevented scar formation.39 In  
in vitro studies, MBG caused hyperpermeability of human 
brain endothelial cell monolayers9 by altering apoptotic 
signaling.13 MBG causes oxidative stress,40 which is pre-
vented, in the rat PE model, by RBG administration.41

Finally, in preliminary experiments, MBG was elevated 
in patients with acute respiratory distress syndrome42 and 
caused vascular leak in rat lung endothelial cell monolayers.13

Based upon the observations previously obtained in both 
in vivo and in vitro studies and those described above in con-
cussed athletes, we believe that MBG is an excellent candidate 
to evaluate the presence and status of the inflammation associ-
ated with the brain pathology observed in TBI. The coupling 
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of the measurement of MBG and the results of DTI scanning 
should provide powerful information for both the diagnosis 
and potential therapy of TBI.
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