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1 ABSTRACT
Pharmacologically induced hypertensive and hypotensive disorders are leading
causes of post-approval adverse vascular events. Chronic hypertension is
associated with heart disease, arterial stiffening, stroke, kidney disease, and
glomerular disease. Acute hypotension can cause dizziness, fainting, nausea,
fatigue, and in severe cases, life threatening conditions such as oxygen
deficiencies in the heart and brain or shock. Testing for potential blood pressure
liabilities preclinically is required for IND approval of small molecules (ICH S7A)
and is typically performed in parallel or following IND-enabling toxicology studies.
Attrition at this stage in development is costly and can be detrimental to the
success of a pharmaceutical development program. Screening for potential blood
pressure effects early in drug development can help identify these liabilities and aid
in candidate selection during lead optimization. Testing isolated rodent superior
mesenteric (SM) arteries in the ex vivo myograph system provides a method which
allows early screening of direct pharmacologic effects on vessels. In this study, four
vasoactive pharmaceutical agents were tested to assess vessel reactivity. The SM
arteries were treated with escalating concentrations of epinephrine (0.01, 0.1, and
1 µM) and phenylephrine (0.01, 0.1, and 1 µM) to assess vasoconstriction.
Vasodilation was assessed by treating these vessels to escalating concentrations
of sodium nitroprusside (0.1, 1, and 10 µM) and minoxidil sulfate (0.05, 0.5, and 5
µM). Epinephrine and phenylephrine produced dose dependent responses,
increasing tension at the highest concentrations by approximately 4- and 2-fold,
respectively. Sodium nitroprusside and minoxidil sulfate produced dose dependent
responses in pre-constricted vessels, decreasing tension at the highest
concentrations by approximately 2-fold. To assess how these effects on the
vasculature affect blood pressure in vivo, a single dose of epinephrine (0.004
mg/kg, i.v.), phenylephrine (50 mg/kg, oral), isosorbide mononitrate (250 mg/kg,
oral), or minoxidil (10 mg/kg, orally) was administered to telemetered rats and
blood pressure was monitored continuously. Epinephrine and phenylephrine
caused a marked increase in mean arterial blood pressure. Isosorbide mononitrate
and minoxidil caused a marked decrease in mean arterial blood pressure. This
study demonstrates the ability of the myograph system to detect vessel reactivity
ex vivo as well as the translatability to an in vivo model. Early screening for these
potential blood pressure effects can aid in identifying liabilities and developing de-
risking strategies.

METHODS
This study complied with all applicable sections of the Final Rules of the Animal
Welfare Act regulations (Code of Federal Regulations, Title 9), the Public Health
Service Policy on Humane Care and Use of Laboratory Animals from the Office of
Laboratory Animal Welfare, and the Guide for the Care and Use of Laboratory
Animals from the National Research Council. The protocol and any amendments or
procedures involving the care or use of animals in this study were reviewed and
approved by the Testing Facility Institutional Animal Care and Use Committee before
the initiation of such procedures.
Five Sprague Dawley rats were used to assess each positive control. The superior
mesenteries were removed, isolated from each animal, cut into rings approximately
2mm in length and mounted to a myograph tissue bath (emkaBATH4) filled with

DISCUSSION

RESULTS
Epinephrine and phenylephrine resulted in increases (Fig. 1) in vessel tension
when exposed at 0.1 and 1 µM in the tissue bath, indicating vasoconstriction of
the vessel rings. These results were consistent with the blood pressure increases
observed in vivo. Following IV administration of epinephrine at 0.004 mg/kg, heart
rate, systolic and diastolic pressure increased over the first hour (Figs. 3, 4 & 5).
Heart rate appears slightly muted (Fig. 3) due to offset baselines between control
and test article groups. Phenylephrine, given by oral gavage at 50 mg/kg,
increased heart rate, systolic and diastolic pressure (Figs. 6, 7, & 8).
Sodium nitroprusside showed a concentration dependent decrease vessel in
tension from 0.1 to 10 µM. Minoxidil sulfate showed minimal decreases at and
below 0.05 µM and a marked decrease at 5 µM. Following oral gavage
administration of isosorbide mononitrate at 250 mg/kg; systolic and diastolic
pressure decreased over the 24 hour collection period (Figs. 9, 10 & 11).
Minoxidil, given by oral gavage at 10 mg/kg, decreased systolic and diastolic
pressure (Figs. 13 & 14). Additionally, heart rate increased, the onset of effects
were slightly delayed compared to pressure decreases, suggesting reflex
tachycardia.

Modified Krebs-Henseleit (MKH) solution perfused with carbogen (95% O2/5%
CO2). Starting tensions were set to 1.00g. Vessels were allowed to equilibrate for
approximately 40 minutes followed by a 10 minute baseline collection prior to
exposure. The vessels were then pre-constricted with 1 µM of epinephrine,
washed and exposed to vehicle or escalating concentrations of positive controls
for 10 minute periods. Epinephrine (0.01, 0.1, & 1 µM), phenylephrine (0.01, 0.1, &
1 µM), sodium nitroprusside (0.1, 1, & 10 µM), and minoxidil sulfate (0.05, 0.5, & 5
µM) were utilized as positive controls to test vessel reactivity.
Six telemetered Sprague Dawley rats were used to assess cardiovascular
parameters in vivo. Three animals served as a concurrent control and 3 animals
were administered a positive control. Administration was separated by at least 3
days of wash out. Following baseline (1 hr) collection, animals were administered
vehicle or positive control with the following concentrations and routes;
epinephrine 0.004 mg/kg IV, phenylephrine 50 mg/kg PO, isosorbide mononitrate
250 mg/kg PO, or minoxidil 10 mg/kg PO. Telemetry parameters were collected for
at least 24 hours and analyzed to assess the pharmacodynamic response to the
positive controls in vivo.

The vascular effect observed in the isolated mesenteric tissue rings
demonstrated translation to the whole animal telemetry model, both expressing
the expected clinically reported effects. The translation between models further
validates the use of the tissue myograph system as an important assay to
conducted as a part of cardiovascular testing in drug development. This assay
is particularly useful in the discovery stages to screen multiple candidate drugs
for potential vascular liabilities that could manifest into blood pressure changes
clinically. Early detection of potential liabilities aid in de-risking strategies,
providing a means to rank candidates based on cardiovascular effects.
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