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This study evaluated endothelin production by endothelial cells after exposure to nicotine or caffeine. Vasoconstrictive
properties have been attributed to both nicotine and caffeine. The presence of endothelin, a potent vasoconstrictor itself, was
determined using a radioimmunoassay. The optimal stimulatory doses for nicotine and caffeine were determined to be 1.0
pmol/L and 1.0 mmol/L, respectively. When endothelin production was evaluated over time after exposure to the optimal dose
of each agent, it was determined that nicotine stimulated maximum endothelin production within 5 minutes. Caffeine failed to
cause a distinct peak of endothelin production within 20 minutes. These results suggest that nicotine may have a possible
acute and short-lived effect on the vasoconstrictive response associated with endothelin, while caffeine-induced endothelin

release may require more long-term exposure.
Copyright © 1999 by W.B. Saunders Company

REATER THAN 10% of the population of the United
States suffers from hypertension.! Despite this high
incidence of hypertension, its etiology in many cases is
unknown. Biologically active compounds in association with
the pathophysiology of hypertension may play an important role
in understanding the causes of hypertension.

Endothelin is a potent vasoconstrictor peptide produced by
endothelial cells.? It has been suggested that endothelin acts
directly on membrane ion channels. The vasoconstrictive re-
sponse caused by endothelin is mediated by an increase in the
intracellular concentration of calcium via influx of extracellular
calcium through the plasma membrane channels and/or mobili-
zation of intracellular calcium by phospholipase C—stimulated
inositol triphosphate formation.> Endothelial cells have been
demonstrated to release endothelin after exposure to various
biological agents such as thrombin,* interleukin-1,° and angio-
tensin IL% which are responsible for hemostasis and vascular
tone.

Nicotine causes vasoconstriction both in vivo” and in vitro.?
Elevated endothelin levels in human plasma have been reported
after cigarette-smoking.? Caffeine has been reported to result in
an endothelium-dependent contraction in canine mesenteric
arteries; however, this contraction was reportedly not solely due
to endothelin release.?

Thrombin was used in the current study as a model stimula-
tory compound for endothelin production by cultured human
endothelial cells. Following verification of endothelin release,
this study first evaluated the stimulatory effects of nicotine or
caffeine on human endothelial cells. After determination of the
optimal stimulatory dose of nicotine or caffeine, endothelin
release was evaluated within the first 20 minutes of exposure.

MATERIALS AND METHODS
Cell Culture

The endothelial cell line ECV304 (American Type Culture Collec-
tion, Rockville, MD) was used. These established cells originated from
the vein of a normal human umbilical cord. Cells were grown at 37°C in
medium 199 (Sigma Chemical, St Louis, MO) supplemented with 10%
fetal bovine serum (GIBCO, Grand Island, NY) in 25-cm? flasks
(Corning, Cambridge, MA). Trypsin/EDTA (Sigma) was used to detach
the cells, and 1:10 dilutions were made. Cells were subcultured every 7
to 10 days after a complete monolayer formed. Experimentation was
commenced when the cells achieved a confluent monolayer. To ensure
equivalent numbers of cells for all experiments, cells were counted and
viability was determined after exposure to each compound investigated.
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Levels of endothelin were normalized for expression as picograms per
6 % 106 cells.

Optimal Dose Determination

The minimum dose resulting in optimum endothelin release was
determined for the stimulatory agents thrombin, nicotine, and caffeine
(all from Sigma). The medium from flasks containing a cell monolayer
was decanted, and the cells were washed twice with phosphate-buffered
saline. Medium 199 was added with varying concentrations of each
agent to a total volume of 1 mL. After exposure for 1 hour, the medium
was removed and frozen at —70°C until high-performance liquid
chromatography (HPLC) and radioimmunoassay. Each experiment was
performed in triplicate.

Exposure Over Time

After the optimum stimulatory dose for each compound was deter-
mined, cells were exposed to the dose for 5, 10, 15, and 20 minutes.
After exposure for the allotted time, the medium was removed and
frozen at —70°C until HPLC and radioimmunoassay. Each experiment
was performed in triplicate.

Cell Viability

Cells were counted in a hemacytometer, and viability was determined
by trypan blue exclusion. Three counts were performed for each
concentration of nicotine or caffeine and each exposure time.

HPLC and Radioimmunoassay

Samples in 10-uL. volumes were separated by a Vydac (Cole-Parmer
Instrument, Vernon Hills, NJ) RP 25-cm X 4.6-mm C-18 protein
peptide column with a particle size of 5 pm using an acetonitrile
gradient as previously described.!! The eluted endothelin fraction was
stabilized with endothelial cell buffer solution from the radioimmunoas-
say kit (Dupont, Wilmington, DE). The procedure was performed
according to the manufacturer’s instructions.
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Fig 1. Endothelin production following exposure to nicotine. Cells
were exposed to 0.1, 1.0, 10.0, and 100.0 pmol/L nicotine for 1 hour.
After elution by HPLC, the concentration of endothelin was deter-
mined by radioimmunoassay.

Statistical Analysis
A Kruskal-Wallis ANOVA was performed for cell viability, determi-

nation of optimal dose, and exposure over time for both nicotine and
caffeine. Values are reported as the mean = SEM.

RESULTS

Thrombin was chosen as a model stimulatory agent to ensure
that ECV304 cells responded to an established inducer of
endothelin. The endothelin fraction eluted at approximately
45% solvent concentration during HPLC separation. The lowest
dose of thrombin that resulted in maximal production of
endothelin (>120 pg endothelin/6 X 10° cells) was 2.0 U/mL.
Peak levels of endothelin release occurred at 15 minutes after
exposure to 2.0 U thrombin (data not shown).

Nicotine at a concentration of 1.0 pmol/L was determined to
cause a peak release of 38.13 £ 2.29 pg endothelin/6 X 10°
cells (Fig 1). This amount of endothelin was approximately
threefold the baseline level. Higher concentrations of nicotine
did not result in increased levels of endothelin, and 1.0 pmol/L

Table 1. Viability of ECV304 Cells After Exposure to Different
Concentrations of Nicotine for 1 Hour

Nicotine (umol/L} Cell Viability (%)

0.0 95.67 *+ 1.20
0.1 92.33 + 5.17
1.0 _ 93.33 = 1.17
10.0 ' 95.00 + 1.15
100.0 84.33 + 5.21
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Fig 2. Endothelin production over time using optimal doses of
nicotine or caffeine. Cells were exposed to 1.0 pmol/L nicotine or 1.0
mmol/L caffeine over 20 minutes. Endothelin production after expo-
sure to caffeine for 5 minutes was not measured. *P < .05 v baseline
endothelin levels.

nicotine was used as the lowest concentration to achieve
maximum endothelin production. At nicotine concentrations of
0, 0.1, 1.0, and 10 pmol/L, cell viability remained between 92%
and 95%. At a nicotine concentration of 100 pumol/L, cell
viability decreased to 84%, but this does not represent a
significant difference (Table 1). To measure endothelin release
over time, cells were exposed to 1.0 pmol/L nicotine. Figure 2
shows that maximum levels of endothelin were evident at 5
minutes postexposure. This level of endothelin, 42.69 * 6.72
pg, represents a significant difference from the baseline levels.
There were no significant differences in cell viability ‘at any of
the times evaluated (Table 2).

Caffeine concentrations of 1.0 and 10.0 mmol/L caused an
approximately threefold increase in endothelin levels over
baseline (Fig 3). Since there was no significant difference in
endothelin detection by 1.0 or 10.0 mmol/L caffeine, the lower
concentration of 1.0 mmol/L was used as the stimulatory dose
over time. No significant differences were noted between
baseline endothelin levels and the levels found 20 minutes
postexposure to 1.0 mmol/L caffeine (Fig 2). Cell viability

Table 2. Viability of ECV304 Cells Exposed to 1.0 pmol/L Nicotine
for Different Times

Exposure Time {min) Cell Viability (%)

5 94.33 + 0.88
10 78.33 £ 6.17
15 87.00 = 3.21
20 88,00 + 2.08

NOTE. Results are the mean + SEM.

NOTE. Results are the mean = SEM.
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Fig 3. Endothelin production following exposure to caffeine. Cells
were exposed to 0.1, 0.5, 1.0, and 10.0 mmol/L caffeine for 1 hour.
After elution by HPLC, the concentration of endothelin was deter-
mined by radicimmunoassay.

remained between 95% and 97% for all concentrations of
caffeine tested and for all times measured.

DISCUSSION

The ECV304 cells used in this study, first described in
1990,!2 provide a convenient cell line for investigations of
endothelin production, obviating the need for preparation of
cells from blood vessels. To ensure that ECV304 cells produced
endothelin, the model stimulatory compound thrombin was
used. The profile of thrombin doses used in this study agrees
with the optimal stimulatory thrombin doses previously re-
ported.*

This investigation determined the nicotine concentration
responsible for maximal endothelin production to be 1.0 umol/LL
(Fig 1). This concentration is comparable to plasma levels of
nicotine present in smokers.>* Elevated endothelin levels have
been reported in individuals who smoke high-tar cigarettes
containing 1.6 mg nicotine, although smoking low-tar cigarettes
(0.1 mg nicotine) did not result in significant endothelin
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production.’ In the present study, stimulatory doses of nicotine
greater than the plasma levels present in smokers did not
increase endothelin production. In fact, a decrease in ECV304
cell viability was noted when nicotine was used at 100 umol/L
(Table 1). The effect of nicotine at higher concentrations also
was reported to be toxic to bovine pulmonary endothelial
cells.ts

While levels at least twofold higher than baseline endothelin
levels were observed at 10, 15, and 20 minutes after exposure to
1.0 pmol/L. nicotine, the most dramatic endothelin release
occurred early, at 5 minutes (Fig 2). Lower levels of endothelin
at other times may be related to the cytotoxic effects of nicotine
on cells after prolonged exposure.

Exposure of ECV304 cells to caffeine did result in increased
levels of endothelin; however, there was no significant increase
over baseline levels during the 20-minute period measured (Fig
2). Plasma caffeine levels have been previously reported,'® and
for this study, the caffeine doses required to produce measurable
elevations in endothelin were approximately 40 times higher
than the normal plasma caffeine levels found after drinking a
cup of coffee. It may be that caffeine exposure in the form of
caffeinated beverages affords no immediate effect on the
vasculature, as measured by endothelin production.

It is important to note that this in vitro system may not be an
accurate reflection of all pathophysiologic factors involved in
vivo. The culturing process alone introduces an artificial state.
Natural inhibitors of endothelin may be missing or culture
conditions may stimulate endothelin release. Endothelin itself
has been reported to stimulate its own synthesis in cultured
bhuman umbilical cord endothelial cells.)” The endogenous
vasodilator atrial natriuretic peptide has been shown to have an
inhibitory effect on endothelin production by cultured human
endothelial cells. '8 '

This study suggests another possible health concern for
individuals who use tobacco products, by linking the vasocon-
strictor endothelin to nicotine. This connection suggests that
picotine and endothelin could play an acute role in the
hypertensive process leading to or complicating cardiovascular
disease.
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