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INTRODUCTION

Using isolated blood vessels to evaluate vascular responses to candidate drugs is a well-established screening method
in preclinical drug development. This method can identify direct drug effects on vasculature and provides valuable
insight into potential blood pressure liabilities The aorta is traditionally used in this assessment; however, the aorta is a
conduit vessel with manily tonic smooth muscle cells and is not ideal for evaluating vascular function. In contrast,
mesenteric arteries are resistant vessels which contribute to the homeostasis of blood pressures and serve as a
suitable targets for evaluating drug effects. To develop the assay, we compared and evaluated the superior mesenteric
artery (SM) versus the descending aorta (DA) of Spague Dawley rats. Additionally, starting tensions, equilibrium time,
and dosing protocols of the superior mesenteric artery were tested.

2 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 animals were used to assess each positive control. The DA and SM were removed, isolated from each animal, cut
into approximately rings of 2mm length and mounted to a myograph tissue bath (emkaBATH4) filled with Modified Kebshenseleit (MKH) solution perfused with carbogen (95% O2/5% CO2). Starting tensions were set to 2.0g (DA), 0.75g
(SM), 1.00g (SM), and 1.25g (SM). Vessels were allowed to equilibrate for 90 minutes and a 20 minute baseline was
collected prior to exposure. Data was collected by emkaIOX data acquisition system and analyzed using ecgAuto.
Epinephrine (EPI) and sodium nitroprusside (SNP) at 1 and 10 µM, respectively, were utilized as positive controls to
test vessel contractility.
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Tissue Bath Phase

Solution

Target Time
(Minute)

Equilibration (EQ)

Krebs-Henseleit

≥90

Baseline (BL)

Krebs-Henseleit

~20

Pre-constriction (PC0)

1 µM Epinephrine in Krebs-Henseleit

~10

Wash (W0)

Krebs-Henseleit

~5

Dose Period 1 (D1)

1 µM Epinephrine in Krebs-Henseleit

~10

Wash 1 (W1)

Krebs-Henseleit

~5

Dose Period 2 (D2)

1 µM Epinephrine in Krebs-Henseleit

~10

Wash 2 (W2)

Krebs-Henseleit

~5

Dose Period 3 (D3)

1 µM Epinephrine in Krebs-Henseleit

~10

Wash 3 (W3)

Krebs-Henseleit

~5

RESULTS

Table 1 displays the testing protocol used to determine vasoconstriction following exposure to EPI (1 µM). Table 2
displays the testing protocol used to determine vasodilation following exposure to SNP (10 µM) after the preconstriction by 1 µM EPI.
Figure 1 illustrates a graphical representation of the vascular tension following exposure to EPI at 1 µM (DA starting
tension of 2g; SM starting tensions of 0.75, 1.00, and 1.25g). Additionally, repeat EPI exposure and tension following
washout periods were also evaluated. In contrast to the MA, the DA responded with the greatest magnitude but did not
return to baseline tension levels following the 3 wash out period. All vessels showed a slightly higher response following
repeat exposure to EPI.
Figure 2 illustrates a graphical representation of the results following preconstruction with EPI at 1 µM and exposure to
SNP at 10 µM with a DA starting tension of 2g compared to the SM at starting tensions of 0.75, 1.00, and 1.25g.
Additionally, these results show the effects of repeat exposure and tensions following washout periods. Although the DA
responded to SNP exposure, the vessel did not fully dilate and did not return to baseline tensions following washout
periods. Repeated exposure did not further dilate the vessels.
Figure 3 shows an isolated SM at roughly 12mm in length. Each experiment utilized an 2mm segment from the same
artery.
Figure 4 shows the emkaBATH4 tissue bath system used to conduct these experiments. This unit can accommodate 4
vessel segments at a time.
Figures 5 and 6 show an individual myograph with a 2mm segment attached to the suspension wires.
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Figure 2.
Tissue Bath Phase

Solution

Target Time
(Minute)

Equilibration (EQ)

Krebs-Henseleit

≥90

Baseline (BL)

Krebs-Henseleit

Pre-constriction 0 (PC0)

1 µM Epinephrine in Krebs-Henseleit

~10

Wash 0 (W0)

Krebs-Henseleit

~10

~20

Pre-constriction 1 (PC1)

1 µM Epinephrine in Krebs-Henseleit

Dose Period 1 (D1)

10 µM Nitroprusside in Krebs-Henseleit

~10

Wash 1 (W1)

Krebs-Henseleit

~10

~10

Pre-constriction 2 (PC2)

1 µM Epinephrine in Krebs-Henseleit

~10

Dose Period 2 (D2)

10 µM Nitroprusside in Krebs-Henseleit

~10

Wash 2 (W2)

Krebs-Henseleit

~10

Pre-constriction 3 (PC3)

1 µM Epinephrine in Krebs-Henseleit

~10

Dose Period 3 (D3)

10 µM Nitroprusside in Krebs-Henseleit

~10

Wash 3 (W3)

Krebs-Henseleit

~10
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Discussion

All vessels tested responded well to both EPI and SNP exposure. The DA and SM rings stabilized between 20-30
minutes during the equilibrium period in this study, indicating a potential of decreasing the equilibrium period for protocol
optimization. Pre-constriction of the vessels with 1 µM EPI was necessary to achieve maximum constriction for testing
the subsequent vessel dilation. During the wash period, SM rings dilated to baseline tensions within 5 mins, while DA
tension did not return to baseline levels. The results also indicate that the starting tensions selected were appropriate for
constriction of the SM. Results for dilation of the SM were similar between starting tensions as all vessels returned to
baseline tensions following exposure to SNP at 10 µM . Based on these results, the SM is considered to be a suitable
vessel for testing vascular response. The phasic properties and the fast response of the SM allows for testing of drugs
at a series of concentrations in a higher throughput manner. Additionally, these properties allow for more flexibility in the
design of testing protocols, improving the assays predictability and applicability.

Future experiments will utilize the SM at a starting tension of 1.00g. Equilibrium periods can be reduced to 40 minutes
to increase the overall throughput of the assay. The washout periods used in the SNP experiments (10 minutes) were
more appropriate than the EPI experiments (5 minutes). SM vessels washed out in the 4-5 minute range, the additional
time will ensure that the vessels have stabilized prior to exposure. Further qualification of this assay will include
exposure to EPI and SNP at escalating concentrations as well as selection of additional positive controls to further
characterize the ability of the assay to determine vasoconstriction and vasodilation. Additionally, telemetry-implanted
animal models will be used to assess the relevance of the drug effects on blood pressure and the ex vivo vessel
reactivity.

