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ABSTRACT

The bufodienolides are a group of circulating steroid hormones which, along with the
cardenolides, compose the compounds referred to as the “cardiotonic steroids” or “cardiac
glycosides.” The most extensively studied of the bufodienolides is marinobufogenin (MBG).
Recent evidence indicates that at least some of the effects of MBG are mediated by alterations
in the MAPK signaling cascade. Previous investigations have largely been directed towards
the involvement of the bufodienolides in changes in body volume and hypertension, including
volume expansion-mediated essential hypertension, as well as the pregnancy-specific
hypertensive disorder, preeclampsia. However, it is now clear that MBG and its antagonist,
resibufogenin (RBG), are implicated in disorders characterized by the generation and
maintenance of inflammation. Therefore, evidence has been presented in this review which
implicates MBG in traumatic brain injury and the acute respiratory distress syndrome.

Furthermore, not only does RBG prevent preeclampsia in a rat model of the
disturbance, but it is also effective in ameliorating the abnormalities in traumatic brain injury.
Efforts are currently underway to determine if, as is the case in the latter two disorders, it is
also effective in modifying the course of the disease in the acute respiratory distress
syndrome. Thus, the investigative future seems bright with regard to the potential activity of
these and other bufodienolides in medicine.

Key words: Bufodienolides, preeclampsia, traumatic brain injury, acute respiratory distress
syndrome
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BACKGROUND AND OBJECTIVES

The bufodienolides are a group of
compounds which are members of a class
of agents called the cardiotonic steroids,
also referred to as “cardiac glycosides.”
Their chemical structures are similar to but
different from the cardenolides (Figure 1).
The cardenolides have a 5-membered
lactone ring while the bufodienolides
possess a 6-membered ring. Additionally,
while there are similarities in their actions,
there are also important differences. Both
groups of compounds inhibit the ubiquitous

Cardenolides

Bufadienolides
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enzyme, Nat+/K+ ATPase. ' 2 The
bufodienolides act primarily upon the al
isoform of the enzyme, the major isoform
in the kidney which accounts for 90% of
the action of the enzyme in that organ.
However, the a2 and a3 isoforms represent
the major form of the enzyme in skeletal
muscle, nervous tissue, and the cardiac

conduction system. !0 33, 45 46 The
bufodienolides are synthesized largely in
the adrenal gland, '® but also in the
placenta ** and perhaps also in the brain. *
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MATERIALS AND METHODS
Preeclampsia

Preeclampsia is a disorder of
pregnancy in which the patient develops
hypertension and proteinuria after 20

Marinobufagenin

Figure 1 The cardiac glycosides
(“cardiotonic  steroids”).  The
cardenolides are shown on the left
and the bufodienolides are on the
right.

weeks of gestation, accompanied by
intrauterine growth restriction (IUGR).
Evidence has accumulated which indicates
that the most extensively studied of the
bufodienolides; marinobufagenin (MBG) is
an important factor in the institution and
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maintenance of an inflammatory reaction
that obtains in the pregnancy-specific

disorder, preeclampsia (PE). b

2213ILI831419258 MBG s elevated early in
the course of the development of a
syndrome in a rat model ** which
demonstrates many of the characteristics of
human PE. *° The elevated excretion of
MBG in the urine of these animals (Figure
3) precedes the development of
hypertension and proteinuria. Furthermore,
an antagonist of MBG called resibufogenin
(RBG) (Figure 3) prevents the
development of the rat syndrome if
administered from early in the pregnancy.
Not only are the development of
hypertension and proteinuria prevented by
RBG, but IUGR does not occur . This
model of PE, produced by overexpansion
of the extracellular fluid volume (ECFV),*
is also reproduced by the administration of
MBG beginning in early pregnancy’’. The
initiation of the PE syndrome has been
ascribed to MBG-induced baleful effects
on both placentation (Figure 4) and on the
failure of cytotrophoblast function. >
Thus, the cytotrophoblasts do not remodel
the vasculature of the uterus with the result
that blood flow to the maternal-fetal unit is
severely compromised. Ischemia of the
uterus thereby results in the preeclamptic

syndrome. ** No doubt there are other

MBG pmol/24h
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contributory factors, including but not

limited to immunologic and genetic °’

mechanisms, the release of reactive oxygen

species, as well as other contributory
36,53

processes.

involve the effects of MBG to upregulate

These abnormal influences

apoptosis of the endothelial cells. >* These
detrimental effects include the activation of
the MAPK cascade. >* In a recent rodent
study, the elevation in MBG preceded
alterations in vascular endothelial growth
factor (VEGF) and placental growth factor
(PIGF) or the development of
autoantibodies to the ATI receptor.

Furthermore, as mentioned earlier in this
discussion, the administration of RBG, the
receptor specific antagonist of MBG,

23,42
. In a

prevented these abnormalities,
recent preliminary report, elevation in the
excretion of MBG was noted in 16 of 19
(85%) preeclamptic patients '. These
detrimental actions of MBG on the
development of the fetus and upon blood
flow to the maternal-fetal unit also appear
to be related to activation of elements of
the MAPK system, especially, p38. >* In
both the rodent model described above *°
and in human preeclamptic patients (Table
1) wvascular leak is noted. Thus,
preeclamptic patients are both excessively

volume expanded but also

hemoconcentrated ** (Figure 5).
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Figure 2 The excretion of
marinobufagenin (MBG) in a rat model of
preeclampsia (pregnant + DOCA), normal

OPregnant

B Pregnant+DOCA

pregnant animals (pregnant), and control,
nonpregnant rats (control). Time periods: t0
= baseline, t1 = 3 to 5 days of pregnancy,
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t2 = 7 to10 days of pregnancy, and t3 = 18
to 21 days of pregnancy. MBG excretion
was already increased at time tl whereas
hypertension and proteinuria had not yet
occurred. MBG excretion remained
elevated throughout pregnancy in the
“preeclamptic” animals. (Reproduced from

2015

Issue 3

Vu H, Involvement of marinobufagenin in
a rat model of human preeclampsia).
Reproduced from the Am J Nephrol
2005;25:520-528 *? with permission of the
editors (S. Karger AG, Basel).
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Figure 3 Chemical structures of
marinobufagenin and resibufogenin.
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Figure 4a Inhibition of cell proliferation
by MBG. Serum-starved SGHPL-4 cells
were treated with DMSO (vehicle) or 1,10
or 100 nM MBG in the presence of 10%
FBS for 48 hat 37° C and cell proliferation
was measured using the Cell Titer96
Aqueous Assay. Cell proliferation was
significantly inhibited in MBG treated cells
as compared to DMSO-treated groups (*p
< 0.05, **p < 0.001). The mean was
calculated from the average of 8 replicates
per experimental condition and the results
presented are the mean +/- SE from a
representative experiment. The experiment

was performed a total of 3 times. The
human extravillous cytotrophoblast (CTB)
cell line SGHPL-4 utilized in these studies
was derived from  first trimester
extravillous tissue and was kindly provided
by Dr. Guy Whitley, St. George's Hospital
Medical School, London, U.K. These cells
are well characterized and share many
characteristics with isolated primary cells,
including the expression of cytokeratin-7,
HLA class I antigen, HLA-G, BC-1, CD-9,
human chorionic gonadotropin and human
placental lactogen.
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Figure 4b Inhibition of growth factor-
induced chemotaxis by MBG. Serum
starved SGHPL-4 cells were pretreated
with DMSO, or 10 or 100 nM MBG for 2 h
and subsequently added to the Boyden
chamber that contained 10 ng/ml of EGF
or 100 ng/ml of HGF. The chamber was
incubated at 37° C to allow for cell
migration, the cells that migrated through
the porous membrane were stained, and the
average number of migrating cells was
calculated by counting stained cells from 6
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fields of view (400 xs) per experimental
condition. As expected, EGF and HGF
stimulated CTB migration of DMSO
(vehicle)-treated cells. However, MBG
treatment significantly inhibited growth
factor-induced migration of SGHPL-4 cells
when compared to control cells (p <
0.001). The results presented are the mean
+/- SE from a representative experiment
and the experiment was performed a total
of 4 times.
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Figure 4c¢ Inhibition of CTB invasion by
MBG. SGHPL-4 cells were serum starved
for 24 h and subsequently pretreated with
DMSO (vehicle) or 10 or 100 nM MBG
for 2 hat 37° C. While both EGF and HGF
induced CTB invasion of DMSO treated

100 ng'ml HGF

control cells, MBG treatment significantly
inhibited growth factor-induced CTB
invasion (p < 0.001). The results presented
are the mean +/- SE from a representative
experiment and the mean was calculated
from the average of 4 replicates per
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experimental condition. The experiment
was performed a total of 3 times.
Reproduced with permission of the editors
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Marinobufagenin impairs first trimester
cytotrophoblast differentiation, Placenta
27: 984-988, 2006

from LaMarca, H.L., et al,

GROUP AVERAGE HEMATOCRIT Table la Representative
VALUES values of hematocrit in
Nonpregnant 42% nonpregnant, normal pregnant
Normal pregnant 359% and preeclamptic women
Preeclamptic 39%
GROUP AVERAGE HEMATOCRIT Table 1b Hematocrit values in
VALUES experimental rat groups
Nonpregnant 44%1 1 P< 0.05 vs. nonpregnant and
Normal pregnant 34% normal pregnant
] * P <0.05 vs. normal pregnant
“Preeclamptic” 38%* « <
and “preeclamptic

a 0 min 30 min 60 min

at 30 and 60 min after the bolus injection of
nM  MBG. FITC  albumin

Figure 5a Representative study
demonstrating the effect of MBG on 200

vascular leakage in a single rat mesentery
post capillary venule. Images shown were
obtained prior to the injection (0 min) and

extravasation into the extravascular space
is virtually complete by 60 min after MBG
injection. 6
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Figure 5b: Mean values for the effects of
MBG on vascular leakage in mesenteric
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(sham) at 10, 20, 30, 40, 50 and 60 min of
observation. Vascular leakage is expressed
as the change in fluorescent intensity inside
the vessel compared to that outside the
vessel. * p <0.05;n =35 for sham and n =7
for MBG. (Data from references 54,56).

Mechanisms of action of MBG in
preeclampsia

The sequence of events in the
development of preeclampsia based upon
the concepts related to the involvement of
MBG are provided in figure 6. We
hypothesize ** that the following sequence

of events occurs: 1) patients who develop

PE have either an acquired or genetic >’

sodium transport tubular defect which

2015 Issue 3

manifests itself as an inability to excrete
excess amounts of sodium. This defect is
not exhibited or troublesome for the patient
until and unless the dramatic increase in
body volume related to sodium and water
excess that occurs in pregnancy (Figure 7)
causes this defect to become manifest. In a
study performed in normal pregnant
patients,  patients = with  gestational
hypertension and those with preeclampsia,
this hypothesis was tested. The infusion of
hypertonic saline to patients in these three
categories demonstrated that preeclamptic
patients were substantially more sodium-
retentive than those in the other two
groups. 9

Pregnancy + Excessive Volume Expansion

tmMBG

Inhibition of Na*-K*-ATPase
(interaction with other membrane receptors)

4 Placental sFit-1
¥ VEGF, § PIGF
4 Placental sFit-1/PIGF ratio

4 Apoptosis
Failure of uterine vasculature
remodeling, shallow placentation,
hypoperfusion of maternal-fetal
unit

RBG ——] /
4Vascular permeability

¥ Cytotrophoblast proliferation,

4 Uteroplacental RAS

migration, and invasion * Peripheral RAS

$ATR
4MAPK (Jnk, p38, Src)
I p38 inhibitor
4 Apoptosis, 41L-6
Endothelial dysfunction
Oxidative stress
t RBG

Preeclampsia (4 BP, proteinuria, IUGR, vascular leak, hemoconcentration)

Figure 6 Proposed model of the
involvement of increased marinobufagenin
(MBG) levels in preeclampsia related to
initial excessive volume expansion early in
MBG defective

by with
cytotrophoblast function, resulting in a

causes
interfering

pregnancy.
placentation

lack of vascular remodeling in the uterus.
Consequently, hypoperfusion of the
maternal-fetal unit eventuates. MBG also
causes hypoxia and ischemia leading to an
imbalance of pro- and antiangiogenic
factors. Additionally, the bufodienolide

causes increased vascular permeability

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 7
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resulting in “leak” from the intravascular
compartment and
hemoconcentration. Its actions also result

consequent

in enhancement of the uteroplacental renin-
angiotensin system (RAS) and angiotensin
IT type 1 (AT1) receptor function. The
cytotrophoblast dysfunction is mediated by
alterations in the MAPK (mitogen-
activated protein kinase) system, which
stimulates apoptosis causing disruption of
endothelial cell layers. All of these
abnormalities culminate in the production
of endothelial cell dysfunction and
oxidative stress. The actions of MBG can

3
c &
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@
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sneneneess B0 wOlume
Plasma volume
O——1 RBC mass

Issue 3

be prevented/ameliorated by resibufogenin
(RBG). Inhibition of the activity of the
MAPK p38 prevents MBG-induced
enhancement of apoptosis. Abbreviations
and definitions: BP, blood pressure; IL-6,
interleukin  6; Na-K-ATPase, adenosine
triphosphatase sodium-potassium pump;
IUGR, intrauterine growth restriction;
PIGF, placental growth factor; sFlt-1,
soluble fms-like tyrosine kinase-1; VEGF,
vascular endothelial growth factor. From:
Am J Kidney Disease, 56:359-370, (2010).
Reproduced with permission of theeditor.

12 16 20 24 28 32 36 4042
Weeks of Pregnancy

Figure 7 Alterations in blood and plasma
volume and red cell mass during
pregnancy. Reproduced from: Scott, D.E.,
Obstet Gynecol Annu, 1: 219, 1972, with
permission of the editors.

Additionally, the  fact that
alterations in MBG secretion and release
are sensitive to changes in body volume
has been demonstrated previously. This is
the case both in the situations of sodium
surfeit as induced by volume expansion
and in volume contraction related to
sodium restriction. These alterations have
been demonstrated in both human and

. : : 1,2,7,8,9,25,43,57,58
animal experimentation. 2 7:8.9,25,43,57,58.60

Additionally, elevated levels of MBG
result in toxic effects involving the
function of the cytotrophoblasts, resulting
in interference with normal placentation.
275538 gtudied in vitro, MBG interfered
with CTB proliferation, migration and

2735 Thys, the normal

invasion (Figure 4).
process whereby the CTBs remodel the
vasculature of the uterus is compromised
resulting in narrowed vasculature. >°

In addition to this interference in
the process of placentation, MBG causes
ischemia of the maternal fetal unit resulting

from failure of the uterine vasculature to

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 8
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become remodeled. Thus, the ischemia,
itself, results in an enhancement of the
production of MBG,
reinforcement of the ischemic process and
perpetuating and reinforcing this untoward

causing a

process. >% Endothelial dysfunction, in turn,
produces oxidative stress, a process
which is prevented by the administration of
RBG in the rat model of PE. > Finally,
MBG causes endothelial hyperpermeability
by altering apoptotic signaling
perpetuating vascular leak and adding to
the ischemic insult. °® This process results
in injury to the “tight junctions” of the
* In the latter

studies, MBG down-regulated genes that
24

endothelial membrane.

are involved in membrane adhesion
Interestingly, elevated levels of MBG in
ischemia related to renal artery stenosis

have recently been reported by Tian, et al.
52

Traumatic Brain Injury

According to a recent report in the
Journal of the American Medical
Association (May 14,2014), between 2006
and 2010 the total number of visits to
emergency departments in a nationwide
sample of hospitals grew by 3.6 percent.
However, during that same period, the
number of visits by patients seeking
treatment for a traumatic brain injury (TBI)
grew by 29.1 percent. It has been suggested
that at least part of the increment in TBI
visits has to do with the wide publicity
related to high profile injuries to NFL
players. Recent reports have emphasized
that although brain scans in civilian
patients with TBI  are
inconclusive in determining the degree of
injury, a recent study has focused on the
volume of the hippocampus as a

generally

potentially important finding. ** The advent
of multiple reports and investigations of
military head trauma have also led to

Issue 3

increased emphasis on the diagnosis,
prognosis and management of brain injury.
% The employment of the technique of
diffusion tensor imaging to evaluate the
severity of cerebral edema has also been
postulated as a potential mechanism to

evaluate compartmental brain edema to

determine the degree of injury. *°

Interestingly, evaluation of the future
course of brain trauma victims utilizing
physical imaging and

laboratory studies often does not coincide
49

examination,

with tests of neurocognitive function.
Consensus for the diagnosis and treatment
of concussion in sports based on
recommendations of three separate groups
of experts has been published. > It includes
discussions by: 1) the American Medical
Society for Sports Medicine, " 2) the
American Academy of Neurology, and 3)
the Zurich Concussion Working Group. >’
A comparison and discussion of the
similarities has been published along with
areas identified by each group that remain
uncertain. Causes of inaccurate early
assessment of neurologic severity in head
injury have also been reported »°. Attempts
have recently been made to develop
reliable biomarkers that might have
predictive properties as well as the ability
to guide therapeutic effort. ***°! One of the
mechanisms by which brain function is
altered by head trauma is the breach of the
blood/brain barrier (BBB). This event may
lead either to general or localized brain

20,21
edema. =

Because of their finding that
MBG may cause an increase in the
permeability of the endothelial membrane,
resulting in vascular leak, *****° the author
and his colleagues determined that breach
of the BBB might play an important role in
the edema of TBI. Furthermore, we
reasoned that MBG could play an
important role in the generation of this
membrane abnormality. Accordingly, we

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 9
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studied MBG excretion in a rat model of
mild-moderate TBI. We utilized a model
developed by Marmarou and his colleagues
called Impact Accelerated Injury (IAI). '
The latter method involves the following
procedures: a circular incision is made in
the skull, a metal plate is placed into the
defect resulting from the removal of the
portion of the skull excised, and the dura
and skin are replaced over the deficit. A
weight is then dropped on the skull from
a pre-specified height in the area of the
metal plate. Utilizing this model and
following the imposition of the brain
contusion, the animals were allowed to
recover from the anesthesia. They were
then placed in metabolic cages and a 24-
hour wurine was obtained for the
determination of MBG (TBI group). In a
second group of animals (shams) surgery
was performed on the skull but no brain
contusion was performed. In a third group,
one hour after the brain trauma, a bolus of
RBG was injected intraperitoneally and a

«— midline

Figure 8 Low and high magnification
micrographs of GFAP (glial fibrillary

acidic ~ protein)  immuno-fluorescence

Issue 3

24-hour urine was then obtained (TBI plus
RBG). The results of these studies on
MBG excretion and brain histology are
provided in table 2 and figure 8,
respectively. *’ The experiments revealed
the following: 1) MBG was elevated in the
animals which were recipients of the brain
contusion. 2) The administration of RBG
resulted in a return of the MBG excretion
values to those obtained in the sham
animals (Table 2). 3) The brain contusion
resulted in abnormalities in the histology
demonstrated in the examination of the
brain slices (Figure 8). Studes are currently
underway in the author’s laboratory, in
conjuction with colleagues in
neurosurgery, neuroscience and radiology
to examine this issue in patients with mild
TBI. Initial preliminary results (Puschett,
J.B. et al, unpublished observations)
indicate that MBG is elevated in human
brain trauma as was the case in the animal

model. ¥

ol 24 hr TBI - GFAP

IAl + RBG

captured using a laser-scanning confocal
microscope. GFAP antibody labels the
intermediate filaments of most astrocytes

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 10
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in the brain. These micrographs depict
areas of cortex slightly lateral from the
midline. The pial surface is on the top of
the images and midline is to the left of all
images. In the sham animals (top left
figure), a normal distribution of GFAP-
labeled astrocytes is seen, including their
endfeet which surround the
neurovasculature. At 24 hours after an
impact acceleration injury (IAI) (bottom
left figure), a noticeable scar is observed
(arrows) in layers 2 and 3 of cortex. There
is also a patchy loss of GFAP-labeled
astrocytes throughout the cortex and the
(arrowheads) appears
damaged. It should be noted that many of
the remaining

vasculature

astrocytes appear

Issue 3

hypertrophied. The loss of GFAP-
immunoreactivity and the appearance of
astrocyte hypertrophy are indicative of a
neuroinflammatory response to injury. As
can be seen in the third image (the figure
on the right), most of these alterations are
ameliorated if the animals are treated with
resibufogenin (RBG) at 1 hour after TAI
(IAI+RBG). A glial scar was not observed
in the IAI+RBG animals. The RBG
treatment also reduces the decrease in
GFAP immunoreactivity and a greater
proportion of GFAP-labeled astrocytes
have a normal, rather than hypertrophied

appearance. (Data from Shapiro, L., et al.
47)

Group Sham TBI TBI + RBG
Table 2
n 10 10 10 Urinary marinobufagenin (MBG)
excretion in sham and traumatic
values | 592.8+79.3 | 1340.9+308.5 | 475.3+56.1 brain injured (TBI)* animals

P values:

shamvs. TBI=0.04 TBIlvs. TBI + RBG = 0.02

*Abbreviations:

sham vs. TBI + RBG => 0.05

sham = sham operated animals; TBI = rats subjected to impact acceleration injury;
RBG = resibufogenin; n = number of animals in each group.

Values are reported as mean + SE in pg/mg creatinine.

Acute Respiratory Distress Syndrome
(ARDS)

The acute respiratory distress
syndrome (ARDS) frequently complicates
serious illnesses. The latter may include
sepsis, trauma, shock and severe
pneumonia as well as other disturbances.
The syndrome consists in the development
of vascular leak in the lungs with the result
that gas  exchange is
compromised.  Both

severely
hypoxia  and

hypercapnea, often severe, are commonly
present and the advent of this complication
leads to mortality in from 40-52 percent of
ARDS patients. *® Beyond the original lung
damage leading to this condition, it has
been determined that repetitive
overstretching or collapse of the lung with
mechanical ventilation can itself cause
local tissue injury and  systemic
inflammation, both of which contribute to
multi organ failure and death. > High-
volume

frequency, low oscillatory

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 11
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ventilation does reduce secondary lung
damage but mortality is not improved.
323361 Additionally, survivors of ARDS
face the possibility of lung complications
once they leave the ICU and hospital.

Given the fact that vascular leak of
the lung endothelial membrane is a
defining abnormality in ARDS, the author
and his colleagues are studying two aspects
of this disorder: 1) Is MBG involved in the
pathogenesis of the lung lesion?, and 2) If
so, could the damage be ameliorated by
administering RBG either as a prophylactic
method or at least early in the disorder,
once ARDS is clinically evident?
Preliminary studies have been performed
in collaboration with physicians at the
Memorial Hermann Hospital (UT Health)
in Houston, Texas, in ICU patients who
have been diagnosed with ARDS
according to the Berlin criteria. '*** In the
initial sample, 84 percent of 19 patients
with ARDS were determined to have
elevated levels of MBG when compared
with non-ARDS ICU patients. ' An
investigation is also underway currently in
an animal model of ARDS to assess the
hypotheses that not only is MBG elevated
in the syndrome, but also that RBG can
successfully ameliorate, prevent and/or
treat this disorder.

RESULTS AND DISCUSSION

In this review, data implicating the
involvement of the bufodienolide, MBG, in
the etiology of three  important
disturbances: preeclampsia, traumatic brain
injury, and the acute respiratory distress
syndrome, have been summarized and
presented. In addition, instances in which
the antagonist of MBG, RBG, may have
value in either the prevention and/or
treatment of these disorders has been
provided. Should additional studies prove

Issue 3

to verify these data, it would become
possible not only to utilize MBG as a
diagnostic biomarker, but to enable the use
of its antagonist, RBG, as either a
preventative or treatment technique. In
none of the syndromes discussed is there
currently an early diagnostic aid, and
therefore, no successful preventative or
therapeutic technique. Thus, MBG and
RBG may represent the first useful
diagnostic/therapeutic match, representing
an example of “personalized medicine.”
Until efforts of the kind outlined in this
review are available, all three of these
illnesses will remain examples of
substantial unmet medical need.

ACKNOWLEDGMENTS

The CTB cells utilized in the
experiments presented in Figure 4 were a
gift from Dr. Guy Whitley, St. George's
Hospital Medical School, London, UK.
The authors thank Ms. Charity Sembera for
the production of this manuscript.

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 12



Medical Research Archives

REFERENCES

1. Agunanne E, Horvat D,
Harrison R, et al. Marinobufagenin levels
in preeclamptic patients: a preliminary
report. Am J Perinatol 2011;28:509-514.

2. Agunanne E, Horvat D,
Uddin MN, Puschett JB. The treatment of
preeclampsia in a rat model employing
Digibind®.  Am  J
2010;27:299-305.

Perinatology

3. Agunanne EE, Uddin MN,
Horvat D, Puschett JB. Contribution of
angiogenic factors in a rat model of pre-
eclampsia. Am J Nephrol 2010;32:332-
339.

4, Arent AM, de Souza LF,
Walz R, Dafre AL. Perspectives on
molecular biomarkers of oxidative stress
and antioxidant strategies in traumatic
brain injury. Biomed Res Int Volume 2014,
Article ID 723060, 18  pages.
http://dx.doi.org/10.1155/2014/723060.

5. Averina IV, Tapilskaya NI,
Reznik VA, et al. Endogenous Na/K-
ATPase inhibitors in patients with
preeclampsia. Cell Mol Biol 2006;52:19-
23.

6. Bagrov AY, Fedorova OV,
Dmitrieva RI, et al. Plasma
marinobufagenin-like and ouabain-like
immunoreactivity during saline volume

expansion in anesthetized dogs. Cardiovasc
Res 1996;31:296-305.

7. Chesley LC, Valenti C,
Rein H. Excretion of sodium loads by non-
pregnant and pregnant normal,
hypertensive and preeclamptic women.
Metabolism 1958;VII:575-588.

8. Chesley  LC. Sodium
retention and pre-eclampsia. Am J Obstet
Gynecol 1966;1:127-132.

9. Chesley LC. The renal
excretion of sodium in women with

Issue 3

preeclampsia. Am J Obstet Gynecol
1966;1:317-323.

10. Dmitrieva RI, Bagrov AY,
Lalli E, et al. Mammalian bufadienolide is
synthesized from cholesterol in the adrenal
cortex by a pathway that is independent of
cholesterol ~ side- chain  cleavage.
Hypertension 2000;36:442-448.

11. Fargo BI, Morin KI, Patel
B, et al. Marinobufagenin identifies
patients with acute respiratory distress
syndrome. Presented to the annual meeting
of the Southern Society for Clinical
Investigation, New Orleans, LA, February
20-22, 2014. J Invest Med 2014;62:544-
545.

12. Fedorova OV, Lakatta EG,
Bagrov AY. Endogenous Na, K pump
ligands are differentially regulated during
acute NaCl loading of DAHL rats.
Circulation 2000;102:3009-3014.

13. Fedorova OV, Simbirtsev
AS, Kolodkin NI, et al. Monoclonal
antibody to an endogenous bufadienolide,
marinobufagenin, reverses preeclampsia-
induced Na/K-ATPase inhibition and
lowers blood pressure in NaCl-sensitive
hypertension. J Hypertens 2008;26:2414-
2425.

14. Fedorova OV, Talan MI,
Agalakova NI, et al. Endogenous ligand of
alpha 1 sodium pump, marinobufagenin, is
a novel mediator of sodium chloride-
dependent  hypertension.  Circulation
2002;105:122-1127.

15. Ferguson ND, Cook DJ,
Guyatt GH, et al. High-frequency
oscillation in early acute respiratory
distress syndrome. N Engl J Med
2013;368:795-805.

16. Ferguson ND, Fan E,
Camporota L, et al. The Berlin definition
of ARDS: an expanded rationale,
justification, and supplementary material.
Intensive Care Med2012;38:1773- 1582.

17. Fukui S, Signoretti S,

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 13



Medical Research Archives

Dunbar JG, Marmarou A. The effect of
cyclosporin A on brain edema formation
following experimental cortical contusion.
Acta Neurochir Suppl 2003;86:301-303.

18. Gonick HC, Ding Y, Vaziri
ND, et al. Simultaneous measurement of
marinobufagenin, ouabain, and
hypertension-associated protein in various
disease states. Clin Exp Hypertens
1998;20:617-627.

19. Harmon KG, Drezner JA,
Gammons M, et al. American Medical
Society for Sports Medicine position

statement: concussion in sport. Br J Sports
Med 2013;47:15-26.

20. Hasan KM, Moecller FG,
Narayana PA. DTI-based segmentation and
quantification of human brain lateral
ventricular CSF volumetry and mean
diffusivity: validation, age, gender effects
and biophysical implications. Magn Reson
Imaging 2014;32:405-412.

21. Hasan KM, Wilde EA,
Miller ER, et al. Serial atlas-based DTI
study of uncomplicated mild traumatic

brain injury in adults. J Neurotrauma
2014;31:466-475.

22. Hilton PJ, White RW, Lord
GA, et al. An inhibitor of the sodium pump
obtained from human placenta. Lancet
1996;348:303-305.

23. Horvat D, Severson J,
Uddin MN, et al. Resibufogenin prevents
the manifestations of preeclampsia in an
animal model of the syndrome. Hypertens
Pregnancy 2010;29:1-9.

24. Ing N, Berghman L, Abi-
Ghanem D, et al. Marinobufagenin
regulates permeability and gene expression
of brain endothelial cells. Am J Physiol
Regul Integr Comp Physiol
2014;306:R918-R924.

25. Jablonski KL, Fedorova
OV, Racine ML, et al. Dietary sodium
restriction and association with urinary

Issue 3

marinobufagenin, blood pressure, and
aortic stenosis. Clin J Am Soc Nephrol
2013;8:1952-1959.

26. Kale RA, Gupta RK,
Saraswat VA, et al. Demonstration of
interstitial cerebral edema with diffusion
tensor MR imaging in type C hepatic
encephalopathy. Hepatology 2006;43:698-
706.

27. LaMarca HL, Morris CA,
Pettit GR, et al. Marinobufagenin impairs

first trimester cytotrophoblast
differentiation. Placenta 2006;27:984-988.

28. Lesko MM, O'Brien SJ,
Childs C, et al. Comparison of several
prognostic tools in traumatic brain injury
including S100B. Brain Inj 2014;28:987-
994.

29. Li S, Eim C, Kirch U, et al.
Bovine adrenals and hypothalamus are a
major source of proscillaridin A- and

ouabain-immunoreactivities.  Life  Sci
1998:62:1023-1033.

30. Logan BW, Goldman S,
Zola M, Mackey A. Concussive brain
injury in the military: September 2001 to
the present. Behav Sci Law 2013;31:803-
813.

31. Lopatin DA, Ailamazian
EK, Dmitrieva RI, et al. Circulating
bufodienolide and cardenolide sodium
pump inhibitors in preeclampsia. J
Hypertens 1999;17:1179-1187.

32. Maitra S, Bhattacharjee S,
Khana P, et al. High-frequency ventilation
does not provide mortality benefit in
comparison with conventional lung-
protective ventilation in acute respiratory
distress syndrome: a meta-analysis of the
randomized controlled trials. 2014 May 14.
[Epub ahead of print]. PMID:24830508.

33. Malhotra A, Drazen JM.
High-frequency oscillatory ventilation on
shaky ground. N Engl J Med 2013;368:
863-865.

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 14



Medical Research Archives

34, Manunta P, Ferrandi M.
Different effects of marinobufagenin and

endogenous  ouabain. J  Hypertens
2004;22:257-259.

35. McCrory P, Meeuwisse
WH, Aubry M, et al. Consensus statement
on concussion in sport: the 4th
international conference on concussion in
sport held in Zurich, November 2012. Br J
Sports Med 2013;47:250-258.

36. Mitchell BM, Cook LG,
Danchuk S, Puschett JB. Uncoupled
endothelial nitric oxide synthase and
oxidative stress in a rat model of
pregnancy-induced hypertension. Am J
Hypertens 2007;20:1297-1304.

37. Morrison AC, Srinivas SK,
Elovitz MA, Puschett JB. Genetic
Variation in solute carrier genes is
associated with preeclampsia. Am J Obstet
Gynecol 2010;203:491.

N Engl J Med 2013;368:806-813.

38. Ortiz-Diaz E, Festic E,
Gajic O, Levitt JE. Emerging
pharmacological therapies for prevention
and early treatment of acute lung injury.
Semin Respir Crit Care Med 2013;34:448-
458.

39. Pridjian G, Puschett JB.
Preeclampsia, Part 1. Clinical and

pathophysiological considerations. Obstet
Gynecol Surv 2002;57:598-618.

40. Pridjian G, Puschett JB.
Preeclampsia, Part II: Experimental and
genetic considerations. Obstet Gynecol
Surv 2002;57:619-640.

41. Puschett JB, Agunanne E,
Uddin MN. Marinobufagenin,
resibufogenin, and preeclampsia. Biochim
Biophys Acta 2010;1802:1246-1253.

42. Puschett JB.
Marinobufagenin predicts and
resibufogenin prevents preeclampsia: a

review of the evidence. Am J Perinatol
2012;29:777-785.

Issue 3

43.  Puschett JB. The role of
excessive volume expansion in the
pathogenesis of preeclampsia. Medical
Hypotheses 2006;67:1125-1132.

44, Ranieri VM, Rubenfeld GD,
Thompson BT, et al. Acute respiratory
distress syndrome: the Berlin Definition. J
Am Med Assoc 2012;307:2526-2533.

45. Schoner W, Scheiner-Bobis
G. Endogenous and exogenous cardiac
glycosides: their roles in hypertension, salt

metabolism, and cell growth. Am J Physiol
Cell Physiol 2007;293:C509-536.

46. Schoner W, Scheiner-Bobis
G. Endogenous cardiac  glycosides:
hormones using the sodium pump as signal
transducer. Semin Nephrol 2005;24:343-
351.

47. Shapiro L, Foresti M, Arisi
G, et al. Marinobufagenin diagnoses and
resibufogenin ameliorates traumatic brain
injury. Presented to the annual meeting of
the American Society for Clinical
Pharmacology and Therapeutics, Dallas,
TX, March 2-5, 2011. ASCPT Annual
Meeting Program Booklet, p.78.

48. Singh R, Meier TB,
Kuplicki R, et al. Relationship of collegiate
football experience and concussion with
hippocampal volume and cognitive

outcomes. J Am Med Assoc
2014;311:1883-1888.

49, Steyerberg EW,
Mushkudiani N, Perel P, et al. Predicting
outcome after traumatic brain injury:
development and international validation
of prognostic scores based on admission
characteristics. PLoS Med 2008;5:€165.

50. Stocchetti N, Pagan F,
Calappi E, et al. Inaccurate -early

assessment of neurological severity in head
injury. J Neurotrauma 2004;21:1131-1140.

51. Strathmann FG, Schulte S,
Goerl K, Petron DJ. Blood-based
biomarkers for traumatic brain injury:

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 15



Medical Research Archives

evaluation of research  approaches,
available methods and potential utility
from the clinician and clinical laboratory
perspectives. Clin Biochem 2014;47:876-
888.

52. Tian J, Haller S,
Periyasamy S, et al. Renal ischemia
regulates marinobufagenin release in
humans. Hypertension 2010;56:914-919.

53.  Uddin MN, Agunanne EE,
Horvat D, Puschett JB. Resibufogenin
administration prevents oxidative stress in
a rat model of human preeclampsia.
Hypertens Pregnancy 2012;31:70- 78.

54. Uddin MN, Horvat D,
Childs EW, Puschett JB. Marinobufagenin
causes  endothelial cell = monolayer
hyperpermeability by altering apoptic
signaling. Am J Physiol Regul Integr
Comp Physiol 2009;296:R1726-R1734.

55. Uddin MN, Horvat D,
Glaser SS, et al. Marinobufagenin inhibits
proliferation and migration of
cytotrophoblast and CHO cells. Placenta
2008;29:266-273.

56. Uddin MN, McLean LB,
Hunter FA, et al. Vascular leak in a rat
model of preeclampsia. Am J Nephrol
2009;30:26-33.

57. Vu H, Ianosi-Irimie M,
Danchuk S, et al. Resibufogenin corrects
hypertension in a rat model of human
preeclampsia. Exp Biol Med
2006;231:215-220.

58. Vu HV, lanosi-Irimie MR,
Pridjian CA, et al. Involvement of
marinobufagenin in a rat model of human
preeclampsia. Am J Nephrol 2005;25:520-
528.

59. West TA, Marion DW.
Current recommendations for the diagnosis
and treatment of concussion in sport: a
comparison of three new guidelines. J

Neurotrauma 2014;31:159- 168.

Issue 3

60. Wright DA, Lord GA,
White RW, et al. Evidence for a circulating
bufodienolide in a volume-expanded
patient. Lancet 1997;350:409.

61. Young D, Lamb SE, Shah
S, et al. High-frequency oscillation for
acute respiratory distress syndrome.

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 16



