
RESULTS

Autonomic function varies over time in 

Vehicle and BON1 mice
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CONCLUSIONS
• BALB/c nude mice receiving an intrasplenic injection of BON1 cells 

develop carcinoid metastasis to the liver within 8 weeks.

• Indices of autonomic function in BON1 and vehicle mice become more 
variable over time, with no difference between groups.

• The development of autonomic dysfunction did not follow a predicted 
course following injection of BON1 cells into BALB/c mice. 

• To improve the model, we propose to:
1) increase the intrasplenic dose of BON1 cells
2) extend the tumor development phase to 12 weeks and 
3) increase sample size of both BON1 and vehicle mice
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HYPOTHESIS

We hypothesize that the development 
of metastatic carcinoid disease induces 

autonomic dysfunction.

INTRODUCTION

Carcinoid tumors release vasoactive hormones such as
serotonin and histamine that can impact cardiovascular
function. When these tumors metastasize, patients can
develop carcinoid syndrome, characterized by skin flushing,
diarrhea, dyspnea, tachycardia and syncope. Furthermore,
~30% of patients who require surgical removal for their
metastatic disease experience carcinoid crisis, which is a
rapid hypotensive event that increases the risk of
postoperative adverse events.

Previous works hypothesize that this hemodynamic
instability is attributed to chronic elevated circulating
serotonin levels.1 However, these clinical data are
correlative, and the specific physiologic mechanisms linking
elevated serotonin to hemodynamic instability during
carcinoid disease are unclear.

A key physiologic system that regulates blood pressure is the
autonomic nervous system. It has been shown that
serotonin alters autonomic outflow,2 but whether this leads
to autonomic dysfunction in carcinoid disease is not known.
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METHODS

Assessment of Autonomic Function. During tumor development, autonomic
function was assessed every two weeks. Anesthetized mice were fitted with
electrocardiogram (EKG) leads, and a resting EKG tracing was recorded for 10
minutes (Biopac, Goleta, CA). Data analysis software (AcqKnowledge) was used to
calculate heart rate variability (HRV) parameters from the EKG tracings.

Mouse Model of Carcinoid Disease. Anesthetized (3-
5% isoflurane) male BALB/c nude mice received a
0.1ml intrasplenic injection of 10^7 BON1 cells (BON)
or vehicle (PBS; VEH). Mice were monitored for 8
weeks to allow for tumor development. At 8 weeks,
tissue and blood samples were collected. Liver
metastases were identified by gross dissection and
H&E staining.

Table 1. Definitions of HRV parameters.

RESULTS - Mouse Model Characteristics

Figure 2. Representative images show that
compared to VEH mice, BON1 mice show
evidence of liver metastases by gross dissection
and H&E staining. Evidence of metastases were

present in all BON1 mice.

Figure 1. Body weight increased over the course
of tumor development (*p<0.01 over time), but
did not differ between VEH and BON mice. Data
are presented as mean ± SD.
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Figure 3. Indices of autonomic function, represented by RMSSD (top row) and pNN50 (bottom row)
varied in vehicle (blue, n=5) and BON1 (orange, n=9) mice, with no differences between treatment
groups. Data are presented as medians (IQR).
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VEHICLE
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Value Definition

RMSSD

Measurement of heart rate variability, reflects the integrity of Vagus-
mediated autonomic control of the heart, higher values denote more 
efficient sympathetic-parasympathetic balance. Calculated by the 
square root of the root mean square of the sum of all differences 
between successive RR intervals.

pNN50 Measure of autonomic regulation calculated by the percentage of 
successive intervals that differ by more than 50 milliseconds


