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Abstract

An aqueous extract of the bark Afseis yucatanensis was studied to determine its mechanism of action in the relaxation of endothelium-
denuded rat aortic tissues. The extract relaxed both norepinephrine (NE) and KCl-contracted vessels;gigitif B[22 and 1.73 mg/mL,
respectively. In NE-contracted vessels, two phases of relaxation were evident which were separated in both time and dose range. At high
concentrations, a rapid relaxation was seen that was due to the blocking of intergaBR9 mg/mL) and external (Edg = 2.34 mg/mL)
calcium channels. A second, slowly developing (i.e., long-term) relaxation to baseline was seen at lower concentrations. The time to
complete relaxation was dose-dependent. This long-term response was not seen in KCl-contracted vessels, was prolonged by TEA, and
could be reversed by the addition of KCI to the bath. These data suggest that the long-term relaxation is due to the opening of potassium
channels.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction 2. Methodology

Alseis yucatanensis Standley (Rubiaceae) is a tree of 2.1. Plant sample collection and extraction
20-30m in height, with a stem of 40cm or larger in di-
ameter, and with whitish flowers. This species grows in  Alseis yucatanensis samples were collected in May 1995
the secondary forests of Guatemala, Belize, and Mex- in Belize and identified at the Ix Chel Tropical Research
ico where the tree is known as “wild mamee” or “has Foundation (voucher specimen number RA944); herbarium
che”; in the Yucatan of Mexico it is called “cacao-che” specimens were deposited at the New York Botanical Gar-
(Standley and Williams, 1935or “ison” (Balick et al., den. The plant extract was prepared by decoction followed
2000. The leaves of this tree are roasted and made into by lyophylization. Ground, dried\seis yucatanensis bark
a powder and the powder sprinkled over skin sores after (20 g) was added to 200 mL of boiling de-ionized water and
bathing. allowed to boil for 15 min. Solid material was removed by
In previous studies, an aqueous extract of the leaf or filtration and the resultant extract was lyophilized to dryness.
bark of Alseis yucatanensis was shown to completely relax  Dry extract yield was approximately 5% (w/w) of crude ma-
endothelium-denuded rat aortic vessels that were precon-terial. Working solutions of the extract were prepared daily

tracted with norepinephrine (NESlish et al., 1999 The at a concentration of 50 mg/mL in distilled water.
purpose of the present study was to determine the biochem-
ical mechanism of this relaxation. 2.2. Tissue preparation

Measurements of the contraction of aortic smooth muscle
were performed according to accepted protocBiapoport,
* Corresponding author. Fax:1-518-564-3175. 1987. Adult male Sprague-Dawley rats (175-250g)
E-mail address: donald.slish@plattsburgh.edu (D.F. Slish). were euthanized by 100% GQOnhalation followed by
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decapitation, and the thoracic aorta isolated. The aorta wasinhibiting NE- than KCl-induced contractions, with E§s
cleaned of fatty deposits and the connective tissue, andof 0.12 and 1.73 mg/mL, respectively.

was cut into four rings. The rings were denuded of en-

dothelium by inserting forceps into the lumen of the vessel 3.2. Differentiation of cell surface and internal calcium

and manually rotating it. The aortic rings were attached to responses

an isometric force transducer, placed in a 15mL temper-

ature controlled tissue bath, and bathed in Krebs-Ringer Since Alseis yucatanensis was more potent against
bicarbonate solution (KRB; 118.5mM NacCl, 4.7mM KCI, NE-induced contractions, studies were performed to differ-
1.2mM MgSQ, 1.2 mM KH,PQOy, 2.5 mM CaC, 24.9 mM entiate between its effects on two components of NE signal

NaHCG;, 10mM glucose, and 30M EDTA) at 37°C. transduction pathway, namely, internal release of calcium
The KRB solution was continually gassed with a mixture from the endoplasmic reticulum (ER) and cell surface
of 95% O—-5% CG. calcium channels. In control experiments, tissues were

incubated in C& -free Krebs-Ringer buffer containing
2.3. Contraction measurements 1 mM EGTA for 15min and then eXpOSEd t0>610_7M

NE. This resulted in phasic contractions due to ER cal-
Tissues were mounted with 3.0g resting tension and cium release Kig. 2A). When this response reached a
allowed to equilibrate until the tension was maintained. Plateau, 2mM CaGlwas added to the bath, causing a tonic
Tissues were then tested by contraction with M8 nore-
pinephrine (NE) followed by 1Q.M carbachol at the peak
of contraction. Previous studiefurchgott and Zawadski,
1980 indicate that rings properly denuded of endothelium
gave no response to carbachol. This procedure was repeated
to insure the stability of the smooth muscle and the removal

of the endothelium. Rings that perform poorly in test con-
tractions 1.0g of active tension) or showed a relaxation 1 T 1
in response to carbachol were discarded. (A) NE Gz we
3. Results __/\'\ zomn l—
3 min
3.1. Dose—response in NE- and KCl-contracted tissues T T T
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Dose-response analysis of thkseis yucatanensis extract
against NE- and KCl-induced contractions were performed
and are shown irFig. 1 The extract was more potent in 100.0% "
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Fig. 2. Effect of Alseis yucatanensis on calcium entry and ER calcium
release. Tissues were incubated in*Géree Krebs-Ringer buffer con-
1.0 2.0 3.0 4.0 taining 1mM EGTA for 15min and then exposed tox3.0~'M NE.
Log [A. yucatanensis] (mg/ml) After reaching plateau, 2mM Cafas added to the bath. (A) Represen-
tative control contraction. (B) After pretreatment with 1.0 mg/mlseis
Fig. 1. Effect ofAlseis yucatanensis on NE- and KCl-induced contractions.  yucatanensis for 15min. (C) Dose response of the effect on NE-induced
Tissues were contracted with eitherx310~’M NE (open squares) or phasic contraction (open columns) and calcium-induced tonic contrac-
55 mM KCI (filled squares) and a cumulative dose response was performedtion (shaded columns) (0.33mg/mlg, = 12; 0.67mg/mL,n = 14;
(n =12 and 16, respectively). 1.00mg/mL,n = 12; 3.33mg/mL,n = 7).
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contraction, which is due to calcium entry through voltage- surface calcium channels; the Eff the effect on ER chan-
and receptor-operated channels. This procedure effectivelynels was 0.49 mg/mL compared to 2.34 mg/mL for the effect
separates the effect of NE on ER calcium channels versuson cell surface calcium channels.

cell surface calcium channelslgang and Ho, 1996; Nakai,

1994. 3.3. Characterization of long-term relaxation
This procedure was repeated in the same tissue after pre-
treatment withAlseis yucatanensis for 15 min Fig. 2B). At Subsequent observations revealed that there were two

1.0mg/mL, theAlseis yucatanensis extract eliminated the  phases to the relaxation producedAlgeis yucatanensis in
phasic contraction, while the contraction due to calcium NE-contracted tissues. The dose-response results described
entry was 571 + 4.9% of the control.Fig. 2C shows a above were due to short-term exposure of the tissues to the
dose-response of the effect of the extract on ER and cellextract <30 min). Upon longer exposure at low doses, the

(. L
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Fig. 3. Long-term relaxation of NE-induced contractions Algeis yucatanensis. (A) Representative relaxations followed by control contractions in the

same tissue (after washout of extract). Control contraction with NE maintained maximal tension >1.5h. (B) Dose-response of the time from addition of
Alseis yucatanensis to the return to baseline tension (0.03 mg/mlLs= 6; 0.10 mg/mL,n = 8; 0.33mg/mL,n = 10; 1.00 mg/mLn = 12).
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Fig. 4. Pretreatment of tissues wilisels yucatenensis. Tissues were pretreated with 0.10 mg/mlseis yucatanensis for the times shown. (A) The peak
of the NE induced contraction after pretreatment whtkeis yucatanensis as compared to a control contraction in the same tissue immediately prior to the
experiment g = 4). (B) The effect of pretreatment withlseis yucatanensis on the time from the addition of NE to the return to baseline tensios 4).

extract was capable of producing 100% relaxation in the than 41.2 min (60 and 90 min) resulted in a minimum con-
NE-contracted tissued-ig. 3A). The two phases of relax- traction/relaxation time (28+ 2.1 min and 224+ 1.1 min)
ation were most pronounced at 0.10 and 0.33 mg/mL. This after addition of NE.
relaxation was not observed in tissues contracted with KCI.
The relaxation was rapidly reversible, as shown by subse-3.5. Mechanism of long-term relaxation
guent contractions in the same tissue.
The length of time needed to produce 100% relaxationwas The long-term relaxation can be partially reversed by the
dose-dependenE{g. 3B). A high dose ofAlseis yucatanen- addition of 50 mM KCI to the bath. IrfFig. 5A, 50 mM
sis extract (1.00 mg/mL) produced relaxation in.04- 0.9
min, while 33ug/mL extract produced 100% relaxation in
713+ 2.2min. In one experiment an extremely low dose 15 mN I__
(10pg/mL) produced 50% relaxation after 2 h of incubation 10.0 min
(data not shown), however, control tissues had also begun
to lose tension at this time.

3.4. Effect of pretreatment on long-term relaxation

(| (R

The effect of pretreatment of the tissues witlseis yu- NE A yucatanensis KCl wo
catanensis on the NE-induced contraction was studied. Tis- (A)
sues were pretreated with 0.10 mg/mL of the extract for O, 100.0% -
15, 30, 60, and 90 min before addition of NE. Pretreatment
with Alse_isyucatanensis had no effect on the pef_;lk of the NE S 80.0% |
contraction as compared to a control contraction performed B s
in the same tissuer(g. 4A). £3 60.0%- s
However, pretreatment significantly decreased the length 8¢
of time required to produce relaxatiofrig. 4B). Relax- s § 40.0% -
ation produced by the addition of 0.10 mg/mL of the ex- ’qc'; o
tract after the peak of NE contractios-10 min) required £ 20.0% -
41.2 + 4.4 min to return to baseline tension. Simultaneous a
addition of NE and the extract (0 min) resulted in a contrac- 0.0% . B I
tion time (451 £ 2.0 min) similar to the time fqr relaxat!on 003 010 033 1.00
when added after the peak of NE. Pretreating the tissues B A. yucatanensis (mg/ml)

with this dose ofAlseis yucatanensis, and then adding NE,
resulted in a contraction to peak tension followed by a return Fig. 5. KCI can partially reverse long-term relaxation Blseis yucata-

to relaxation to baseline tension. Pretreatment of the tissuegnensis. KCI (50mM) was added to the bath after the tissue relaxed to
for a period shorter than 41.2 min (15 and 30 min) resulted baseline tension. (A) Representative experiment of the effect of 50 mM
. hort traction/rel : ti ti th that ith KCI on the relaxation produced by 1.00 mg/nilseis yucatanensis. (B)

"? a shorter con rac lon/reélaxa lon_ Ime than tha See_n wi Dose-response of the percentage of the original contraction recovered by
simultaneous addition (30 + 3.4 min and 2% + 4.3 min, KCl. (0.03mg/mL,n = 6; 0.10mg/mL,n = 10; 0.33mg/mL,n = 14;

respectively). Pretreatment of the tissues for periods longer1.00mg/mL,n = 11).
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Fig. 6. Effect of TEA on long-termf\Iseis yucatanensis relaxation. Tissues were pretreated for 15 min with 1.0 mM TEA-CI before NE-induced contraction

followed by long-termAlseis yucatanensis relaxation. Open columns are

control (0.03mg/milL~= 6; 0.10mg/mL,n = 8; 0.33mg/mL,n = 10;

1.00mg/mL,n = 12). Shaded columns are in the presence of 1.0mM TEA-Ct&presentsP < 0.01, (0.03mg/mL,n = 7; 0.10mg/mL,n = 13;

0.33mg/mL,n = 13; 1.00mg/mL,z = 9).

KCl was added to the bath after complete relaxation was time. The long-term effect was readily reversible, which

induced by 1.0 mg/mlAlseis yucatanensis; this resulted in
the recovery of 32+ 2.5% of the original contraction. The
dose-dependency of this effect is showtrig. 5B. The KCI

showed that it was not due to damage to the tissue. This
long-term relaxation was somewhat unique in that it was an
all-or-nothing response. Yet it was dose-dependent; lower

reversed a higher proportion of the relaxation produced by doses required longer times to reach baseline. This was a

lower concentrations dflseisyucatanensisthan that caused
by larger concentrations.

The long-term relaxation could be inhibited by the ad-
dition of 1.0mM TEA-CI to the bath Kig. 6). TEA-CI

very potent effect; 3g.g/mL of the extract produced 100%
response. Pretreatment showed that the relaxation seen at
lower doses did not affect the ability of the tissue to con-
tract, but rather it inhibited its ability to maintain tension

significantly increased the time to relaxation at each dosein the contracted state. Also, the time dependency of the

of Alseis yucatanensis tested ¢ < 0.01). However, this
long-term relaxation was not affected by pretreatment ei-
ther with 100uM N-w-nitro-L-arginine or with 3QwM in-
domethacin (data not shown).

4. Discussion and conclusions

The present study showed that an agqueous extraét-of
seis yucatanensis was more potent in relaxing NE-induced
contractions (Elp = 0.12 mg/mL) than KCl-induced con-
tractions (ERg = 1.73mg/mL) of rat aortic tissue. The
extract blocked NE-induced contraction by inhibiting both

relaxation was independent of exposure to NE.

The mechanism of the long-term relaxation was prob-
ably due to the opening of potassium channels. This
causes hyperpolarization of the cell membrane and closure
of voltage-dependent calcium channeldadkson, 2000;
Nelson and Quayle, 1995This was suggested by the
data; the long-term relaxation was not seen in KCl-induced
contractions Fig. 3), was inhibited in the presence of the
potassium channel blocker TEA-CFi§. 6, Nakai, 1994;
Huang et al., 1999 and was reversed by the addition of
50mM KCI to the bath Fig. 5. The greater reversal by
KCI at lower doses oAlseis yucatanensis (Fig. 5B) may be
due to the fact that at the higher concentrations the extract

calcium release from the endoplasmic reticulum (0.49 mg/ also blocks calcium channels.

mL) and the entry of calcium through receptor-operated and

In conclusion, an aqueous extractAibeis yucatanensis

voltage-dependent channels (2.34 mg/mL). The potency of produced a potent relaxation of rat aortic tissue. At high con-
these responses may explain the difference in its potencycentrationsAlseis yucatanensis produced a rapid relaxation

for NE- and KCl-contracted vessels.
The Alseis yucatanensis extract also produced profound

by blocking cell surface and internal calcium channels, with
a higher affinity for the internal calcium release channels.

relaxation at lower doses that took a longer period of At lower dosesAlseis yucatanensis produced a profound
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relaxation on a longer time scale that may be due to the References
opening of potassium channels.
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