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Abstract

Pharmacological manipulation of survivin seems to be an attractive option in the treatment of
several conditions of pathological remodeling. In the present study, we characterized in vivo
effects of a pharmacological inhibitor of survivin, terameprocol (TMP), in the monocrotaline
(MCT) model of PAH. Adult male Wistar rats received a subcutaneous injection of MCT (60
mg/Kg) or equal volume of vehicle. Rats injected with MCT were treated with TMP (166
mg/Kg, ip; MCT-TMP, n=15) or vehicle (MCT-V, n=15) on days 7, 12 and 17 after injection
and compared with SHAM animals, treated with either TMP (SHAM-TMP, n=10) or vehicle
(SHAM-V, n=10). TMP treatment reduced RV hypertrophy and pulmonary arterial wall
thickness, decreased RV peak systolic pressure, dP/dt.., and dP/dty, and normalized cardiac
output, thereby reversing the pathological phenotype induced by MCT injection. Our findings
suggest an important pathological role of survivin in PAH development. Furthermore,
terameprocol could be an effective and highly selective therapeutic strategy for PAH by

reversing cardiac and pulmonary remodeling and improving hemodynamic features.
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Introduction

The vascular obstruction seen in Pulmonary arterial hypertension (PAH) results from a
combination of increased pulmonary vasoconstriction, abnormal vascular remodeling and in situ
thrombosis of pulmonary vessels, affecting all vessel layers [40]. Obstructive vascular
remodeling is characterized by increased cellular proliferation and resistance to apoptosis in
both intima and media and is now thought to be the major cause of increased pulmonary

vascular resistance in PAH. [3, 40].

Survivin is a multifunctional protein, involved in the control of mitosis, the regulation of
apoptosis and the cellular stress response, globally promoting proliferation and apoptosis-
resistance [2, 11, 44] . It is highly expressed during embryonic and fetal development and in
most liquid and solid tumours [23, 25, 33, 45], but it is almost undetectable in most
differentiated tissues in the absence of stress conditions. Moreover, survivin is an unfavourable
prognostic marker in several malignancies, correlated with decreased overall survival [33].
Survivin has also been studied in other conditions of pathological remodeling, including in
vascular injury after angioplasty or vein bypass graft surgery [13, 17]. In the pulmonary
vasculature, survivin was found to be expressed in the PAs of patients with and several animal
models of PAH [14, 28, 30, 46, 51]. Additionally, gene therapy targeting survivin reversed
established MCT-induced PAH [30]. Pharmacological manipulation of survivin seems an
attractive option. Terameprocol (tetra-O-methyl nordihydoguaiaretic acid, M4N or EM-1421) is
an inhibitor of surivivin gene expression by binding the transcription factor Spl [12, 16, 20]. Its
efficacy has been established both in vitro and in vivo, displaying increased tumor cell apoptosis
and growth arrest with decreased tumor growth rates as well as a direct tumoricidal activity [12,
16, 20, 36, 43]. So far, no relevant systemic toxicity has been reported with terameprocol

treatment.



In the present study, we aim to characterize survivin role in the pathophysiology of PAH
induced by MCT by abrogation of survivin expression with its pharmacological inhibitor,

terameprocol.



Material and Methods

Chemical and Drugs

MCT and dimethylsulfoxide (DMSO) were from Sigma (Barcelona, Spain). TMP was from

Cayman Chemical (Michigan, USA). TMP was dissolved in DMSO.

Experimental Design

Animal experiments were performed according to the Portuguese law for animal welfare and
conform to the National Institutes of Health Guide for the Care and Use of Laboratory Animals
(NIH Pub. No. 85-23, Revised 2011). Adult male Wistar Han rats (Charles River Laboratories,
Barcelona, Spain) weighing 180-200 g were housed in groups of 5 animals/cage, in a controlled
environment under a 12:12-h light-dark cycle at a room temperature of 22°C, with free supply of
food and water. Rats randomly received a subcutaneous injection of MCT (60 mg/kg) (MCT
groups, n=30) or an equal volume of vehicle (1 mL/kg of 0.9% NaCl) (SHAM groups, n=20).
At day seven after MCT or vehicle injection, DMSO (1mL/Kg, n=25) or TMP (166 mg/Kg,
n=25) were administered intraperitoneally and at every five days until hemodynamic evaluation
(21 days after MCT or vehicle injection). The time point for DMSO or TMP administration was
based on a preliminary study, thus coinciding with the first evidence of survivin expression in
pulmonary hypertensive animals. Four experimental groups were thus created: i) SHAM
injected with DMSO (n=10); ii) SHAM injected with TMP (n=10); iii) MCT injected with

DMSO (n=15); iv) MCT injected with TMP (n=15).

Hemodynamic Analysis and Tissue Sampling

Animals were anesthetized by inhalation of mixture of sevoflurane (4%) and oxygen, intubated
for mechanical ventilation (Dual Mode, Kent Scientific, Connecticut, USA) and placed over a
heating pad (body temperature was maintained at 37°C). Under binocular surgical microscopy
(Wild M651.MS-D, Leica; Herbrugg, Switzerlad), the right jugular vein was cannulated for

fluid administration (prewarmed 0.9% NaCl solution) to compensate for perioperative losses.



The heart was exposed by a median sternotomy and the pericardium was widely opened. Bi-
ventricular hemodynamic function was measured with pressure-volume (PV) catheters (PVR-
1045 for RV and PVR-1035 for LV, Millar instruments, Houston, USA). Data was continually
acquired (MPVS 300, Millar Instruments, Houston, USA) and digitally recorded at 1000Hz
(ML880 PowerLab 16/30, Millar TM instruments, Houston, USA). After complete
instrumentation, the animal preparation was allowed to stabilize for 15 min. Hemodynamic
recording was made under basal conditions and under vena cava, ascending aorta or pulmonary
artery occlusion with respiration suspended at end-expiration. Heart rate (HR), RV and LV peak
systolic pressure (Pmax), end-diastolic pressure (EDP), peak rate for pressure rise (dP/dtma), peak
rate of pressure decline (dP/dty,), constant time of isovolumetric pressure decline (Tau),
gjection fraction (EF), cardiac output (CO) and maximal elastance (Ea) were obtained and
analysed using PVAN 3.5 and LabChart 7.0 (Millar Instruments, Houston, USA). After
complete hemodynamic assessment, animals were euthanized by exsanguination under
anesthesia. The heart (H), lungs (L) and right gastrocnemius muscle were excised and weighted.
The right tibia was also excised and its length was measured with a millimetric ruler. Under
binocular magnification (x3.5, Wild M651.MS-D, Leica; Herbrugg, Switzerlad), the RV free
wall was dissected from the left ventricle + septum (S) and weighted separately. Heart, lungs,
RV and LV+S weights were normalized to body weight (BW) and gastrocnemius weight was
normalized to tibial length. Samples from heart and lung were fixed and included in paraffin for

light microscopy, or frozen with liquid nitrogen for molecular studies.

Morphometric Analysis

Samples of RV, LV (midway between the apex and base) and lung were fixed in 4% (v/v)
buffered paraformaldehyde and included in paraffin blocks. Serial sections (4 pm of thickness)
of paraffin blocks were cut and stained for haematoxylin-eosin. Studied samples were observed
at light microscopy (Dialux 20, Leitz, Wetzlar, Germany), photographed with a digital camera
(XC30, Olympus, California, USA) and measured with a digital image analyzer (cell*B life

science basic imaging software, Olympus, California, USA). Five images of random



microscopic fields (magnification of x400) were obtained from each section to compensate for
variations within sections. Only round to ovoid muscle fibers with a nuclear profile were
counted to measure the cardiomyocytes surface area (CSA) with 50 cardiomyocytes analyzed
per animal. On pulmonary specimens, external diameter and medial wall thickness in muscular

arteries (20-25 arteries/animal) were analyzed.

Statistical Analysis

Statistical analysis was performed using Graph Pad Prism software (version 5.0, Graph Pad
software, California, USA). All data are presented as mean + SEM and were compared using
Two Way ANOVA. When treatments were significantly different, Students-Newman Keuls
post-hoc test was selected to perform pairwise multiple comparisons. Results were considered

significantly different when p<0.05.



Results

Morphometric Analysis

The effects of TMP on the morphometric progression of MCT-induced PAH are summarized in
Table 1. MCT-treated animals exhibited lower body weight when compared with the

Sham+Vehicle group, that was not altered by treatment with TMP.

In the lung, MCT increased L/BW ratio, which was attenuated by TMP administration (Figure
1B). Pulmonary remodeling was also evident at the histological level, with increased medial
hypertrophy of small caliber pulmonary arteries in MCT+Vehicle treated animals (Figures 1A
and 1C). TMP targeted the abnormal pulmonary remodeling, reducing medial hypertrophy in
the MCT-treated group (Figures 1A and 1C). No significant differences were noted in the Sham

groups.

Regarding cardiac remodeling, MCT treatment induced cardiac hypertrophy, as evidenced by
increased heart weight (HW) to BW ratio in the MCT+vehicle group. Cardiac hypertrophy was
most likely due to RV hypertrophy, since RV/LV+S weight and RV/BW ratios were also found
to be increased (Figure 2A). Treatment with TMP abrogated MCT -induced cardiac hypertrophy,

resulting in normalization of HW/BW, RV/BW and RV/LV+S weight ratios (Figure 2A).

These results were further confirmed by histological analysis of the RV (Figure 2B).
Cardiomyocyte cross-sectional area (CSA) was increased in MCT+vehicle animals, supporting
the macroscopic finding of RV hypertrophy. Likewise, treatment with TMP resulted in a
significant reduction of cardiomyocyte CSA, with no statistically significant difference between

MCT+TMP treated animals and controls.

Hemodynamic evaluation

Table 2. summarizes the results from the bi-ventricular hemodynamic evaluation.



RV function was markedly impaired in MCT+vehicle treated animals. In this group, RV systolic
dysfunction in connection with increased RV afterload was suggested by the combination of
increased dP/dtnay, dP/dtmin, Ea and Py and decreased EF and CO (Figures 3A and 3B). TMP
administration normalized these parameters, proving to be beneficial in the regularization of RV
strain and RV systolic impairment (Figures 3A and 3B). Diastolic function was also
compromised, as evidenced by increased EDP and Tau time constant in the MCT+vehicle
group, which was also ameliorated by TMP treatment. No significant changes were noted in the

hemodynamic evaluation of the LV.
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Discussion

In the present study, we have demonstrated that inhibiting survivin throughout the early stages
of MCT-induced PAH prevents the complete development of the pulmonary and cardiac
remodeling as well as the RV dysfunction that characterizes the disease. Our findings thus
indicate that survivin upregulation is an essential maladaptive phenomenon that contributes to

the full establishment of PAH pathology.

Traditionally, PAH was considered a disease of excess vasoconstriction [3] but the observation
that more than 85% of patients are unresponsive to current available vasodilator therapies at the
time of diagnosis has challenged this view [47]. Abnormal vascular remodeling affecting all
vessel layers, on the other hand, has emerged as the major contributor to disease initiation and
progression [47]. Several mechanisms have been implicated in the switch from a quiescent state
to a proliferative, apoptosis-resistant cellular phenotype, including: loss-of-function mutations
in bone morphogenetic protein receptor 2 (BMPR2) [21]; upregulation of growth factors, [22,
37, 41, 42] and dysregulation of mediators of apoptosis, such as bcl-2 or survivin [15, 30, 39].
Several studies are currently trying to identify which of these mechanisms are amenable to

therapeutic modulation, with encouraging results [7, 18, 24, 35, 41].

Survivin presents unique advantages over these candidate modulators of PAH; as the paradigm
of a “nodal protein” survivin is involved in multiple cell signalling circuits, thereby representing
a central player in a non-redundant network for the maintenance of disordered proliferation and
apoptosis [1]. This central role of survivin is highlighted by its upregulation by several growth
factors [14, 17, 28, 49], vasoactive molecules [14, 19, 28, 34] and inflammatory cytokines [14,
46], providing further support for survivin as a downstream effector in the signalling cascades

of various neurohormones and other modulators of PA cell proliferation and apoptosis.

These “survivin networks” may also provide a new insight into RV dysfunction in PAH.
Bogaard et al. [6] brought into question the commonly held concept that RV failure is due

strictly to the increased RV afterload by comparing a RV pressure overload model with an
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established model of angioproliferative PAH and consistently demonstrating features of right
heart failure in the latter but not the former model. Two important results from a previous
unpublished study from our group also support this notion: 1) RV survivin expression preceded
the hemodynamic manifestations of PAH, including the increase in PA systolic pressure, by 7
days, coinciding with the onset of cardiomyocyte hypertrophy determined by histological
analysis; 2) LV survivin expression was also increased when compared to control animals. We
thus hypothesize that the release of neurohormones and paracrine factors from the injured and
remodeling PA is the initiating mechanism of RV failure in PAH, by inducing RV
cardiomyocyte survivin upregulation and the consequent switch to a hypertrophic, apoptosis-
resistant cellular phenotype. The concomitant increase in RV afterload would aggravate RV
dysfunction eventually leading to RV failure [5, 10]. In accordance, Levkau et al. [27] observed
significant load-dependence of survivin expression in the setting of left heart failure and showed
that cardiac-specific deletion of survivin resulted in left heart failure and premature cardiac
death. Survivin also appears to be protective after acute myocardial infarction, in doxorubicin-
induced cardiomyopathy and in the failing heart of aged spontaneously hypertensive rats,
despite being selectively expressed in diseased animals [26, 29, 32] . Thus, it seems that
survivin upregulation is an expected and adaptive response to injury, contributing to injury
repair. Continued injury and cellular stress as well as its related signalizing molecules lead to
maintained survivin overexpression and its deleterious, maladaptive effects, such as the

pathological PA and RV remodeling in PAH.

Survivin antagonists might present an unigque therapeutic opportunity in PAH: they may
function not as single protein inhibitors but, in fact, as broader pathway inhibitors suitable for
disabling multiple downstream signalling cascades within PA cells [1] and they may target not
only the pathological remodeling of PAs but also act directly on the RV to abrogate the
hypertrophic profile of RV cardiomyocytes. In the present study, the pharmacological inhibitor
of survivin terameprocol was administered throughout the progression of MCT-induced PAH

and we are thus unable to conclude on its therapeutic potential other than as a preventive
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strategy. Unfortunately, most patients present with advanced disease, limiting the direct clinical
implications of this study. Nevertheless, our current results merit additional investigation into

the possible use of terameprocol in established PAH.

Further studies are also warranted to better delineate the survivin axis in PAH, including
identification of the neurohumoral and paracrine mediators of survivin expression with various
candidate molecules mentioned above. Of special note, mitochondrial-metabolic abnormalities
are emerging as an unifying mechanism for the pathological remodeling of PAH, in accordance
with previous observations in cancer [4, 9, 50]. In both PAH and cancer, mitochondrial
hyperpolarization and disordered mitochondrial metabolism and redox signalling lead to a
pseudohypoxic redox state characterized by normoxic decreases in reactive oxygen species, a
shift from oxidative to glycolytic metabolism, HIF-1a activation and decreased Kvl.5 K+
channel expression [4, 8, 38]. Therapies targeting these mitochondrial abnormalities have
provided good outcomes in a pre-clinical level [29, 32]. Survivin function in mitochondrial

biology suggests a likely interaction with this mechanism.

Lastly, it is also important to note that in spite of being a classic and thoroughly studied model
of PAH, MCT-induced PAH does not fully mimic human pathology [4, 31]. Limitations of
MCT models include lack of neointimal thickening and plexiform lesions and a rapid time
course for disease development [48]. Newer models have been developed, e.g. the SU5416 and
hypoxia, IL-6 overexpression or the fawn-hooded rat, some with better correlation with human
disease. Notwithstanding these advances, no preclinical model completely recapitulates human

PAH at present [48].

In conclusion, we have shown that pharmacological suppression of the survivin pathway
attenuated the pathological and hemodynamic phenotype of MCT-induced PAH thereby
establishing survivin’s crucial role in the pathophysiology of PAH. Furthermore, we have

unraveled a potential, highly selective therapeutic strategy in the treatment of PAH, capable of
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effectively halting progression of the disease and providing an opportunity to alter its still

irrevocable natural history.
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Figure captions

Figure 1: Effect of terameprocol in pulmonary remodeling. Terameprocol attenuated the
characteristic pulmonary remodeling of monocrotaline-treated animals evaluated by the
histological appearance of small pulmonary arteries stained with hematoxylin and eosin (A),
lung weight/body weight ratio (L/BW) (B) and percentage of medial hypertrophy of pulmonary
arteries (C). Sham: Sham group, MCT: Monocrotaline group, TMP: Terameprocol. Data are

mean+SEM. “p < 0.05 vs. Sham+V, Pp < 0.05 vs. Sham+TMP and "p < 0.05 vs. MCT+V.

Figure 2: Effect of terameprocol in right ventricular remodeling. Terameprocol reversed
right ventricular hypertrophy in the monocrotaline groups evaluated by right ventricle/ body
weight ratio (RV/BW) (A) and cardiomyocyte cross sectional area (CSA) (B). Sham: Sham
group, MCT: Monocrotaline group, TMP: Terameprocol. Data are mean+SEM. °p < 0.05 vs.

Sham+TMP, Pp < 0.05 vs. MCT+V.

Figure 3: Effect of terameprocol in right ventricular hemodynamics. Terameprocol
normalized RV maximal systolic pressure (A) and RV cardiac output (B). Ppna: maximal
systolic pressure. CO: cardiac output. Data are mean+SEM. “p < 0.05 vs. Sham+V, Pp < 0.05 vs.

Sham+TMP and *p < 0.05 vs. MCT+V.
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Table 1: Effect of terameprocol in morphometric parameters.
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Sham MCT
Vehicle TMP Vehicle TMP
Body weight (g) 300.1£8.2 268.6+11.4 258.6 £ 5.6" 249.7 + 8.0°
HW/BW (g/kg) 3.013+0.103 2.734 + 0.096 3.634 +0.317%F 3.068 £0.176"
RV/(LV+S) (g/9) 0.3043 £ 0.0109 0.3401 + 0.0299 0.4589 + 0.0362°" | 0.3685 + 0.0189"
(LV+S) /BW (g/Kg) | 1.856 +0.052 1.771 + 0.063 2.035+0.081 1.837 £ 0.044
G/Tib (g/cm) 0.5200 + 0.0147 0.4857 + 0.0092 0.4951 +0.0138 0.4290 £ 0.0177

HW/BW: heart weight/body weight; RV/(LV+S): right ventricle/(left ventricle+septum);

(LV+S)/BW: (left ventriclet+septum)/body weight; G/Tib: gastrocnemius/tibia. Sham: Sham

group; MCT: Monocrotaline group; TMP: Terameprocol. Data are mean+SEM. “p < 0.05 vs.

Sham+Vehicle; Pp < 0.05 vs. Sham+TMP; "p < 0.05 vs. MCT+Vehicle.




Table 2: Effect of terameprocol in hemodynamic parameters.
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Sham MCT

Vehicle TMP Vehicle TMP
Heart rate (bpm) 380.5 £ 8.402 376.5 +8.425 365.4 +5.608 386.1+7.373
RV Function
dP/dt max (mmHg/sec) | 1500 + 26.55 1627 + 65.47 3450 + 468.6"7 2107 + 83.22"
dP/dt in (mmHg/sec) | -1485 + 151.4 -1325 + 18.62 -2903 + 165.4 “P -1763 £27.86 B 7
EF (%0) 65.42 + 5.536 70.04 + 3.858 29.41+4.383 °F 70.56 +4.902 "
EDP (mmHg) 2.951+0.1836 | 3.561+0.4696 | 6.424+1.137 P 3.165+0.6209 "
Ea (mmHg/pL) 0.1528 +0.0115 | 0.1468 + 0.0079 | 0.7701 + 0.1588 “F | 0.2661 + 0.0372"
Tau (ms) 10.84+0.7640 | 10.43+0.7636 | 15.96+0.3210“" | 9.229+0.7491"
LV Function
Pmax (MmMHg) 84.89 + 5.706 94.14 + 1.525 97.17 £ 4.977 94.66 + 3.743
dP/dt max (MMHg/sec) | 5582 + 460.5 6517 + 297.9 5724 +217.8 5518 + 321.0
dP/dt min (MmHg/sec) | -5180 + 888.4 -6785 + 430.0 -5242 + 458.3 -6434 + 380.8
EF (%) 73.82+3.931 72.89 +4.410 71.47 +£2.945 68.72 £+ 3.969
EDP (mmHg) 5.427 +£1.538 4.376 £ 1.272 4.531 +0.7069 6.576 £ 1.885
Ea (mmHg/pL) 0.4007 £ 0.076 | 0.4911 +0.0645 | 0.7408 + 0.1039 0.7330+0.1712
Tau (ms) 8.609 +£0.3356 | 9.136+0.8681 | 9.015+0.5702 9.754 + 0.6173

Sham: Sham group, MCT: Monocrotaline group. TMP: Terameprocol; Pma: maximum pressure;

dP/dty.: peak rate of pressure rise; dP/dt.,: peak rate of pressure fall; EF: Ejection fraction;

EDP: end-diastolic pressure; Ea: arterial elastance; Tau: time constant of ventricular decay. Data

are mean+SEM. “p < 0.05 vs. Sham+Vehicle; Pp < 0.05 vs. Sham+TMP; "p < 0.05 vs.

MCT+Vehicle.
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Style

All text should conform to standard American English style and usage. Authors for whom English is not
their native language are strongly encouraged to seek the aid of a professional English language editorial
service. Be sure that the language in your manuscript is original, without inclusion of any previously
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edit your manuscript for a fee. Please note that these companies are not associated with the American
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= Cambridge Proofreading LTD

= Editage
=  Genedits

= International Science Editing
= ScienceDocs

= SciTechEdit International

= Stallard Scientific Editing

= Write Science Right

Spelling and Editorial Style

Authors should consult Webster's Third New International Dictionary or Merriam Webster's Collegiate
Dictionary, 11th edition, for spelling and compounding. The APS Journals follow American English rules
for spelling. All manuscripts will be edited by highly trained professional copy editors, according to
the APS house style and guidelines.

Abbreviations, Symbols, and Terminology

Abbreviations should be defined at first usage. However, at the discretion of the APS editorial staff, many
internationally accepted (or otherwise compellingly conventional) abbreviations do not need to be
defined; please consult the list of accepted abbreviations. For word usage, symbols, etc., authors are
referred to Scientific Style and Format: The CBE Manual for Authors, Editors, and Publishers (6th ed.,
1994). For chemical and biochemical terms and abbreviations, consult the recommendations of
the IJUPAC-IUB Combined Commission on Biochemical Nomenclature. Isotope specification must
conform to the IUPAC system. Authors are referred to the following articles for style in specialized
fields: "Glossary on respiration and gas exchange" (J Appl Physiol 34: 549-558, 1973); and "Glossary of
terms for thermal physiology"” (J Appl Physiol 35: 941-961, 1973).
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Special Symbols

For special characters not available on the standard 104-key keyboard (e.g., Greek characters,
mathematical symbols, figure symbols), use the Symbol font or use the "Insert Symbol" function in
Microsoft Word; do not use Math font or image files (e.g., GIF) within the text for special characters or
text constructions.

Trade Names

Proprietary (trademarked) names should be capitalized, with the spelling carefully checked. The generic
name or generic descriptor accompany the trade name the first time it appears.

Cell Lines and Reagents

The source of cells utilized (species, sex, strain, race, age of donor, whether primary or established)
should be clearly indicated. The source of reagents should be stated (name, city, and state within
parentheses) when first cited. If tests to rule out the presence of mycoplasmal contamination were not
performed, this fact should be clearly stated. Other data relating to unique biological, biochemical, and/or
immunological markers should also be included if available, with their source identified. Publication of
results is based on the principle that results must be independently verifiable. Authors are expected to
make unique reagents available to qualified investigators either directly or through a recognized
distributor. See also Unique Materials and Data Banks and Ethical Policies for other requirements.

Title Page

All submissions must contain a title page however brief the article may be
(including, but not limited to, brief items such as editorials). The title page must
contain the full title of the article; author(s) name(s); all departments and
institutions in which the work was done; an abbreviated title for the running head;
and the corresponding author's name, e-mail, and physical address for
correspondence. Only one author may be designated as the corresponding author.

Title

Make the title succinct and informative. Avoid unnecessary words like "Studies
in....". The title must not exceed 160 characters, including spaces between words.

Authors

List all authors' names and their first names or initials exactly as they should be
known. Do not include any specific titles (e.g., PhD, MD, and Prof. are not needed).
Include a brief itemized list of how each author contributed to the study.

"Group authorship" is allowed, with the name of a group (such as a consortium or
program) to be listed as an author, with members of the group listed in the
Acknowledgements section; however, the Program Director of the named group
must be the one who signs for the group when the group's "author" signature is
needed, i.e., on a Mandatory Submission Form or a Change of Authorship Form.

Authors who publish in APS journals may now present their names in non-Latin
characters (in their native writing system) along side the standard English
transliteration of their name in the main author line of the published article; for
example, "Ta-Ming Wang (EXBEH)". We will accept any non-Latin languages that
have standard Unicode characters designated for the native characters. For authors
that choose this option, please only provide the native expression for the original
written form of the transliterated name; that is, do not include any associated
degree, rank, or title information in the native format. This feature is meant for the
person's name only, not for ancillary information regarding academic achievement
or institutional affiliation. To take advantage of this new feature, please insert the
native expression of your name along side the English transliteration in the main
title page of your manuscript submission.

See Authorship Changes for more information.
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Affiliation

List all departments and institutions in which the work was done, with city and state
or country. Identify each author's affiliation by superscript numbers matched to the
appropriate institution. Affiliation must reflect the organization(s) supporting the
author(s) while the research was done. This may differ from the current affiliations
of the author(s), which will be listed in such cases in
theAcknowledgments section as the present address(es) of the author(s).

Running Head

The running head is an abbreviated version of the title, which will appear at the top
of every page subsequent to the first page. Running heads must not exceed 60
characters including spaces between words.

Address for Correspondence

Only one author may be desighated as the corresponding author.A full
address for correspondence must be included, with a current, valid e-mail
address for the corresponding author. The address of the corresponding author will
appear on the first page of the article. Please note that a valid e-mail address is
essential to participate in the APS electronic proofing service. Also, provide your
phone and fax numbers for use while your article is in production. If the contact
information to be used during production differs from that to be included in the final
article, indicate this explicitly.

Abstract

A one-paragraph abstract of not more than 250 words must accompany each
manuscript. Longer abstracts may be subject to editorial truncation, to conform to
the onventional perceptions of brevity that characterize an "abstract". The abstract
should state what was done and why (including species and state of anesthesia),
what was found (in terms of data, if space allows), and what was concluded. Even
for short editorial-style articles, a brief "abstract" should be provided, if only to
identify the topic (e.g., "This is an editorial summarizing recent new developments

in physiology.").
Keywords

Include three to five words or short phrases relevant to the article.

Glossary

A glossary may be included (and is often helpful) in equation-laden articles with
many different symbols (such as mathematical modeling or computational papers),
specifying the units (and/or dimensions) as well as each definition. The glossary will
usually precede the Methodssection. See this article for an example.

Main Text
Introduction

Provide a brief overview of the scope and relevance of the study, especially with
regard to previous advancements in related fields.

Materials and Methods

Describe techniques, cell/animal models used (including species, strain, and sex),
and lists of reagents, chemicals, and equipment, as well as the names of
manufacturers and suppliers, including URLS for those supplies obtained online, so
that your study can be most easily replicated by others. For studies involving
humans, the sex and/or gender of participants must be reported. Also in this
section, describe the statistical methods that were used to evaluate the data. If
clinical trials were used, a statement of registration is required; also, for all
investigations involving humans or animals, a statement of protocol approval from
an IRB or IACUC, or an equivalent statement, must be included (see Guiding Principles
for Research Involving Animals and Human Beings). All animal or human studies must
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contain an explicit statement that the protocols were submitted to, and
approved by, an institutional review board or committee or that the
protocols were performed under a license obtained from such a committee,
board, or governing office.

See Abbreviations, Symbols, and Terminology for style information.

Results

Provide the experimental data and results as well as the particular statistical
significance of the data.

APS has published an editorial on the use of statistics, and authors are encouraged to
consult it.
Discussion

Sometimes combined with the results in a section called "Results and Discussion".
Explain your interpretation of the data, especially compared with previously
published material cited in the References.

Appendix

An Appendix may be included (and is often helpful) in mathematical modeling or
computational papers, e.g., to provide details of a solution strategy.
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The acknowledgements section is where you may wish to thank people indirectly
involved with the research (e.g., technical assistance; gifts of samples, reagents, or
cell lines; loans of equipment or laboratory space; comments or suggestions during
the creation of the manuscript). However, it is important that anyone listed here
know in advance of your acknowledgement of their contribution, as documented
during the submission process.

Current addresses of authors (which may differ from those in the affiliation line)
may be included here.

Do not include "promissory notes." APS Journal policy is against inclusion of implicit
or explicit promises that future work will be published.

Do not include dedications (e.g., to persons living or deceased).Dedications of
articles are not permitted.

Grants

List the grants, fellowships, and donations that funded (partially or completely) the
research. However, industry-sponsored grants should be listed under Disclosures.

Disclosures

Authors of research articles are required at the time of submission to disclose to the
APS Publications Office any potential conflict of interest, financial or otherwise.
See Conflicts of Interest. If the article is accepted for publication, information on the
potential conflict of interest, or lack thereof, must be noted in the Disclosures
section.

Footnotes

The footnotes section is the place to list any additional items pertinent to your
article, including but not limited to links to non-peer-reviewed data that may be available
to readers from your institutional web site.

Footnotes should be numbered consecutively throughout. They should be
assembled on a separate page at the end of the article.
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Authors are responsible for accuracy of citations. References must be limited to
directly pertinent published works or papers that have beenaccepted for
publication. An abstract, properly identified as "Abstract", may be cited only when
it is the sole source.
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Reference lists should be arranged alphabetically by author and numbered serially.
The reference number should be placed in parentheses at the appropriate place in
the text.

The style of citation should be as follows, with journal name abbreviated as in
Medline, PubMed, and Index Medicus. Appropriate templates for your citation
management software are available from the respective company websites
(e.g., EndNote, Reference Manager).

The examples given below are shown with numbers because that is the style for
most APS Journals, except for the Journal of Neurophysiology(see note, below,
after these examples). The first is a standard journal reference; the second is s
standard book reference; and the third a standard reference to an "early view" or
"prepress" reference, such as the APS "Articles in PresS" (note the use of the
“digital object identifier"—doi—in this citation).

1. Pollock DM. Endothelin receptor subtypes and tissue distribution. In: Endothelin Molecular Biology,
Physiology, and Pathology, edited by Highsmith RF. Totowa, NJ: Humana, 1998.

2. Scarafia LE, Winter A, Swinney DC. Quantitative expression analysis of the cellular specificity of
HECT-domain ubiquitin E3 ligases. Physiol Genomics (April 26, 2001).
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3. Villalobos AR, Parmelee JT, Renfro JL. Choline uptake across the ventricular membrane of neonate
rat choroid plexus. Am J Physiol Cell Physiol 276: C1288-C1296, 1999.

MORE Example References

References for the Journal of Neurophysiology should be arranged alphabetically by
author. The appropriate author name and year for each reference should be
included in parentheses at the proper point in the text using the following
style (this is ONLY for the Journal of Neurophysiology, NOT for other APS
Journals):

= one author (Brown 1982)
= two authors (Brown and Smith 1982)
= three or more authors (Brown et al. 1982).

For the in text citations in the Journal of Neurophysiology, here are some other
important details. If more than two references are cited by different authors,
separate entries with a semicolon (Brown 1982; Smith 1983). If more than two
references are cited by the same first author (or single author), use "et al." where
appropriate plus the date, even if the subsequent authors are not the same in all
the references (Brown et al. 1982, 1983). Note the use of commas between two
consecutive years or nonconsecutive years. Do not use dashes for ranges (Brown
et al. 1982, 1983, 1986, 1987, 1988). If more than two references with the same
year and author(s) are cited, use lowercase letters after the year (Brown 19823,
1982b). Lowercase letters should be inserted in same-year references in the
reference list.

Citing Unpublished Observations, Personal Communications, and "In
Press" Manuscripts

Submitted papers still in preparation or in peer review and/or any other
unpublished materials, observations, or personal communications cannot be
included in the reference list, which may only list published work. However, such
material can be cited in the text, but at submission, authors will be required to
confirm that all individuals acknowledged in the manuscript are aware that they are
being acknowledged and approve of the manner and the context of the
acknowledgement. This includes, but is not limited to the following circumstances:

= to publish information disclosed in a personal communication or unpublished observation;

= to recognize additional individuals who helped in preparation of the manuscript;

= for permission from a copyright holder to discuss information that has been accepted for
publication but is "in press" and not yet available, online or otherwise.
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For both unpublished observations and personal communications, provide the cited
person's last name and all initials.

Figure Captions

Every figure must have a descriptive figure caption, to describe to the reader in
sentence form the relevant details of the figure, to place it in the proper context of
the manuscript. These textual figure captions must be listed in order in the
manuscript, following the reference list.

Tables

Whenever possible, authors are encouraged to submit figures rather than tables.
Statistical summary tables should be submitted when possible, rather than tables
with many lines of individual values. Lengthy tables of data that cannot be
presented in a suitable manner, according to APS standards of print publication,
may be extracted and set as a supplement to the online article. These supplements
remain an integral part of the article for the reader, as text referring to these tables
will remain in the article, and links directly to the supplements will be embedded
and prominently indicated at all points of entry to the online article (see Data
Supplements).

Submitted tables should adhere to the following guidelines:

= Tables must not duplicate material in text or figures.

= Tables should be numbered consecutively with Arabic numerals and prepared with the size of

the journal page in mind: 3.5 in. wide, single column; 7 in. wide, double column.

Each table should have a brief title; explanatory notes should be in the legend, not in the title.

Nonsignificant decimal places in tabular data should be omitted.

Short or abbreviated column heads should be used and explained if necessary in the legend.

Statistical measures of variations, SD, SE, etc., must be identified. (Example: "Values are means

+ SE.")

= Table footnotes should be listed in order of their appearance and identified by standard symbols:
* %, 1, § for four or fewer; for five or more, consecutive superscript lowercase letters should be
used (e.g., a, b, c, etc.).

Equations

Mathematical equations should be simplified as much as possible and carefully
checked.

= Use the slant line (/) for simple fractions (a + b)/(x +y) in the text rather than the built-up
fraction a + b[over]x + y, which should only be used if the equation is offset from the text.

= Use subscripts or superscripts wherever feasible and appropriate to simplify the equations.

=  Please use notation that is consistent with the standard nomenclature in applied mathematics. As
an aid to the reader, please state the convention that you are following, especially if it is
uncommon.

= Symbols should be defined as they first appear in the text. Aglossary may be included (and is
often helpful) in articles with many different symbols, specifying the units (dimensions) as well
as each definition. The Glossary will usually precede theMethods section.

= APS style allows punctuation in displayed equations.

Mathematical Models

Presentation of the model(s) must be sufficiently clear to allow physiologists with
limited experience in modeling to follow the model development, limitations, and
physiological relevance. Assumptions concerning the importance of physiological
processes included in the model should be clearly stated.

= If the model equation(s) require solution, the method of solution should be described in
sufficient detail to permit readers to duplicate the solution in their own laboratories. Algorithms
from commercial software libraries should be so identified. Details of the solution strategy may
be summarized in an Appendix.

= For simulations, sources or estimation methods for all parameter values should be presented and
the numerical values given in the text or a table. A sensitivity analysis must be performed for
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important parameters (covering ranges of values relevant to the manuscript) to determine how
the model predictions are affected by numerical parameter values.

If the model is used to estimate parameter values, measures of the uncertainties associated with
the estimated parameter values should be presented.

For models intended for use in a predictive setting, validation of the model with a data set not
used for model parameter estimation (i.e., cross-validation) is recommended. Sensitivity analysis
or parameter uncertainty determination is an important component of modern modeling practice
that allows assessment of the validity of a model.

Results obtained with the model(s) should be compared with appropriate physiological data,
either from literature or from new experiments. Simulation results may be examined for
prediction of changes or trends in physiological variables similar to those reported for in vitro or
in vivo studies. The discussion should include information on the physiological significance of
the model study, limitations of the model, and suggestions for new modeling and/or
experimental studies.



