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Abstract: AIM  Action of adenosine triphosphate( ATP)
on longitudinal muscle strips of the rat distal colon has
been reported, however, that of the rat proximal colon
remains to be clarified. In this study we investigated the
effects of ATP on longitudinal muscle strips isolated from
the rat proximal colon and the receptors involved in the
effects. METHODS  Isometric relaxant and contractile
responses to ATP (0.1 pmol*L™" = 1 mmol+L™") and
adenosine (1 — 100 pmol L) in longitudinal muscle
strips of the rat proximal colon were observed. RESULTS
ATP (0.1 pmol*L~" = 1 mmol+ L") produced a compli-
cated response including an inhibition of rhythmic con-
traction and a weakly transient decrease in basic tone
(0.05-0.08 g) followed by a concentration-dependent
contraction (0.04 —0.44 ¢) in longitudinal muscle strips
of the rat proximal colon at resting tension. Tetrodotoxin
(0.1 pmol - L.~ 1) did not influence the responses to ATP.
Adenosine (1 - 100 pmol L.~ 1) did not produce an obvi-
ous contractile response in the preparation at resting ten-
sion. Concentration-dependent relaxant responses to ATP
(1 pmol*L=" =1 mmol+L~") in the preparation precon-
tracted with 5-hydroxytryptamine or with acetylcholine
were 23.2% —94.6% or 24.8% - 92.4% , however
the relaxant responses to adenosine were much weaker
than those to ATP. CONCLUSION ATP produces con-
tractile responses mainly via purine and pyrimidine (P)2
receptors and relaxant responses partially via P1 receptors
in longitudinal muscle strips of the rat proximal colon.
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It has been demonstrated that the distal colon

contains P1 receptorsm , while circular muscle

strips of the proximal colon contain P2 receptorsm
in the guinea pig. Venkova, et alt?’ suggested
that in the cat colon circular muscle strips ATP
induce contraction mediated by P2X receptors and
relaxation mediated by both P2Y and P1 recep-
tors. Bailey and Hourani'*! reported that ATP and
adenosine produced only relaxant responses via Pl
receptors in longitudinal muscle strips of the rat
distal colon. In preliminary study, we observed
the effects of ATP on longitudinal and circular
muscle strips of the rat distal and proximal colon.
The result obtained from our preliminary study in
longitudinal muscle strips of the rat distal colon
was consistent with that reported by Bailey and
Hourani'*', but the effect of ATP on longitudinal
muscle strips of the rat proximal colon was obvi-
ously different from that of the distal colon.
Although previous studies have shown that ATP
plays an important role in the motility of the colon
smooth muscle, there has been no report about the
effects of ATP on longitudinal muscle strips of the
rat proximal colon. The purpose of this study was
to investigate the effects of ATP on longitudinal
muscle strips of the rat proximal colon under nor-

mal or precontracted conditions.

1 MATERIALS AND METHODS

1.1 Animals

Male Wistar rats (230 — 260 g) were
obtained from the Experimental Animal Center of
Hebei Medical University ( Certificate No. SCXK
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(J)2003-1-003) .
1.2 Reagents

Adenosine triphosphate ( ATP), adenosine
and 5-hydroxytryptamine (5-HT) were all pur-
chased from Sigma Chemical Co. Acetylcholine
(ACh) was obtained from Institute of Pharmacolo-
gy and Toxicology in Academy of Military Medical
Sciences, and tetrodotoxin (TTX) was the product
of Hebei Institute of Aquatic Products.
1.3 Longitudinal muscle preparation

Rats were anesthetized with an injection of
urethane (1.5 g-kg™', ip) and then exsanguinat-
ed. After the abdomen was opened, a segment (4
cm in length) of the proximal colon ( ~ 1 cm from
the ileocecal sphincter) was excised and cleaned
of excess connective tissue. Along the root of the
mesentery, the segment of colon was cut and
washed in Krebs-Henseleit (K-H) solution of the
following composition (mmol+L~") : NaCl 133,
KCl 4.7, NaH,PO, 1.35, NaHCO; 16.3, MgSO,
0.61, CaCl, 2.52 and glucose 7.8, gassed with
95% 0, and 5% CO, at 37°C (pH 7.2). The tis-
sue was pinned out in a dish containing K-H solu-
tion, and the mucosal layer, facing up, was re-
moved under a magnifying glass, and then two
full-thickness strips ( approximately 8 mm in
length and 3 mm in width) were cut along the lon-
gitudinal axis of the colon tissuel> . Silk ligatures
were tied to each end of the muscle strip, one end
was attached to a holder and the other to an iso-
metric tension transducer coupled to a polygraph
(ERT-884, Youlin Electron Co, Kaifeng) to
record responses of the preparations. The longitu-
dinal muscle strips were mounted in a 10 mL organ
bath containing K-H solution. An initial resting
tension of 1 g was applied to the longitudinal mus-
cle preparations“’(’] , which were then left to equi-
librate for 1 h. At the end of this period the ten-
sion on the strip was taken as the resting tension
and no further mechanical adjustment was made
during experimentation. Before experiments, the
preparation was exposed to 1 pmol+L™' ACh for
several times until the responses became constant .
1.4 Drug administration

Cumulative concentration-response curves for

5-HT (0.01 - 100 pmol-L~"), ACh (0.001 - 10
pmol'L_l) and KC1 (1 =80 mmol*L™") were
constructed in the preparations at resting tension,
and ECsy values of each agent mentioned above
were calculated. On the other hand, a selective
P2 receptor agonist ATP (0.1 pmol-L~" = 1 mmol -
L") and a selective P1 receptor agonist adeno-
sine (1 - 100 pmol * L") were added non-cumu-
latively at 30 min intervals to prevent the rapid de-
sensitization of P2 receptors. Only one concentra-
tion-response curve for ATP or adenosine was gen-
erated per preparation. TTX (0.1 pmol-L™") to
analyze the neurogenic influence was added to the
organ bath 10 min before the administration of
ATP (100 pmol-L~").

To investigate the relaxant responses to ATP
and adenosine, the longitudinal muscle strips were
precontracted with ECsy of 5-HT (1 pmol-L~"),
ACh (0.3 pmol * L=') or KCI (25 mmol *
L_l)[7_9J , and then ATP (1 - 1000 Iumol'L_l)
or adenosine (1 — 100 pmol L™') was adminis-
tered in a non-cumulative manner.

1.5 Statistical analysis

Changes in basic tone and contractile respons-
es induced by ATP and contractile responses to 5-
HT, ACh or KCl in longitudinal muscle strips of
the rat proximal colon at resting tension were ex-
pressed as g (x = s5). ECsy values were calculated
with the equation: log (E/(E,. — E)) = logC -
logK (E, response; E,.., maximal response; C,
agonist concentration; K, equilibrium dissociation
constant) . When preparations were precontracted
with 5-HT, ACh or KCI, relaxant response to each
concentration of ATP and adenosine was calculated
as percentage of the control value obtained imme-
diately before giving ATP or adenosine. A paired
t-test was used to evaluate the significant differ-
ence between the data before and after the treat-
ment with TTX. Two-way ANOVA was used to
evaluate any differences between two concentra-
tion-response curves and a Dunnett multiple com-
parisons test (with GraphPat InStat V2. 05a)10]
was used to evaluate the significant difference in
other experiments. P values less than 0.05 were
considered statistically significant.
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2 RESULTS

2.1 Effects of 5-HT, ACh and KCI on longi-
tudinal muscle strips of the rat proximal colon

In the preparations without treatment, the
thythmic contraction (at a speed of 1.3 — 2.2
min~ ! and an amplitude of 0.4 — 0.8 g) was ob-
served in longitudinal muscle strips of the rat pro-
ximal colon. 5-HT (0.01 - 100 ymol'L_l) , ACh
(0.001 -10 pmol'L_l) and KCl (1 — 80 mmol*
L") produced contractile responses in a concen-
tration-dependent manner in longitudinal muscle
strips of the rat proximal colon at resting tension,
respectively (Fig 1). ECsj values for 5-HT, ACh
and KCl were approximately 1 pumol * L™', 0.3
pamol * L~! and 25 mmol * ™!, and the maximal
contraction induced by them was (1.06 +0.05),
(1.12£0.20) and (1.07+0.12)g, which were
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Fig 1.

not significantly different from each other (n =35,
P>0.05, Fig1).
2.2 Effects of ATP and adenosine on longitu-
dinal muscle strips of the rat proximal colon
ATP at 1 pmol+ L™" produced a complicated
response including an inhibition of rhythmic con-
traction and a weakly transient decrease in basic
tone( (0.05 = 0.02)g, n= 8] followed by a con-
tractile response in longitudinal muscle strips of
the rat proximal colon at resting tension. The con-
tractile responses to ATP became large in a con-
centration-dependent manner with the increase in
the drug concentration from 1 pmol-L ™" to 1 mmol -
L~ '(F ig 1A and Fig 2A), however, the transient
decrease in basic tone did not change along with
the increasing concentrations ((0.05+0.02) —
(0.08+0.06)g, n= 8). The maximal contrac-
tion induced by ATP at 1 mmol-L~" was (0.44 =
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Concentration-response curves of contractile response to ATP (A), 5-HT (B), ACh (C) and KCI (D)

in longitudinal muscle strips of the rat proximal colon. A Dunnett multiple comparisons test was used to evaluate any significant

differences among the maximal contractile responses to the four agents. x +s, n=5-8.
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Fig 2. Responses to ATP or adenosine in longitudinal muscle strips of the rat pronimal colon. Responses to 100

‘umol'L_1 ATP before (A) and after a treatment with 0.1 pmol* L='TTX (B), or to 100 ‘umol'L_1 adenosine (C) at resting tension and re-
sponses to 100 pmol*L~" ATP in the preparations precontracted with 1 pmol-L~"' 5-HT (D), 0.3 pmol-L~" ACh (E) and 25 mmol-L~" KCI

(F), respectively.

0.15) g which was significantly smaller than that
by 5-HT, ACh or KCl (P <0.01, Fig 1). Be-
fore and after the treatment with TTX (0.1 pmol
L"), the decrease in basic tone by ATP (100
;unol'L_l) was (0.06+0.03)¢g and (0.07 =
0.04)g (n =8, P >0.05), respectively,
whereas contractile response to the same concen-
tration of ATP was (0.34+0.11)g and (0.29 +
0.15)g (n =8, P >0.05) (Fig 2A and Fig
2B). Adenosine at 1 — 100 pmol+L ™" did not in-
duce obviously contractile responses in the prepa-
ration (Fig 2C, data not shown) .
2.3 Effects of ATP and adenosine on longitu-
dinal muscle strips of the rat proximal colon
precontracted with 5-HT, ACh or KCl
Constant contractile responses to 5-HT (1
pmol'L_l) , ACh (0.3 pmol'L_l) and KCI (25
mmol* L™') were (0.59 +0.13)g, (0.54
0.10)g and (0.66 = 0.26)g, respectively, and
there were no significant differences among the re-
sponses in the three groups (n =8, P >0.05).
In the preparations precontracted with 5-HT and
ACh, ATP (1 ‘umol'L_l -1 mmol* L.71) pro-
duced obviously relaxant responses in a concentra-
tion-dependent manner (Fig 2D, E). There was
no significant difference between the two response-
curves for ATP (Fig 3A, n=8, P>0.05). On
the other hand, in the preparations precontracted

with KCI (25 mmol*L.™') that produced a
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Fig 3.  Concentration-response curves of relaxant

responses to ATP (A) in longitudinal muscle strips of
the rat proximal colon precontracted with 5-HT (1
pmol - L=1), ACh (0.3 pmol - L") and KCI (25
mmol - L), and those to adenosine (B) in the
preparations precontracted with 5-HT (1 pmol-L~1)
and ACh (0.3 umol . L_l) . Two-way ANOVA was used to
evaluate any differences between two concentration-response curves,
and a Dunnett multiple comparisons test was used to evaluate any

differences among relaxant responses to the agents at the same con-
centration. ¥ + s, n=28.
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contractile response to a similar extent like 5-HT
(1 pmol*L™") and ACh (0.3 pmol-L~"), ATP
produced much smaller relaxation ( Fig 3A).
Adenosine (1 = 100 pmol * L™ Dy produced much
weaker relaxation in the preparations precontracted

with 5-HT and ACh (Fig 3B).

3 DISCUSSION

In longitudinal muscle strips of the rat proxi-
mal colon under resting tension, ATP produced
obviously contractile responses in a concentration-
dependent manner, but adenosine could not in-
duce muscle contraction. When the preparation
was precontracted with 5-HT or ACh, ATP pro-
duced relaxant response concentration-dependent-
ly, and the relaxant response to adenosine (100
pmol* L1, precontracted with 5-HT) was only
28.8% of that to ATP (100 pmol+L™", precon-
tracted with 5-HT) . The results indicate that ATP
produces muscle contraction mainly via P2 recep-
tors and a relaxant response partially via P1 re-
ceptors in longitudinal muscle strips of the rat
proximal colon.

It is well-known that P receptors are divided
into two categories, adenosine is a selective agent
to P1 receptors, and ATP but not adenosine is an
active agent to P2 receptors[n’m . ATP itself ex-
erts physiologic and pharmacologic effects via P2
receptors in many organs and tissues of different
animals even human being, and it also can be
rapidly metabolized to adenosine that acts on P1
receptors[13 PO Tt was reported that both ATP and
adenosine produced only relaxation via P1 recep-
tors in longitudinal muscle strips of the rat distal
colon'*, and we also confirmed the same re-
sponse to both ATP and adenosine in the rat distal
colon in the present study (data not shown) . Fur-
thermore, we found that ATP induced a small re-
laxation followed by a concentration-dependent
contraction in longitudinal muscle strips of the rat
proximal colon, and TTX at a concentration
enough to block neurogenic responsem’m did not
affect both relaxant and contractile responses to
ATP. These results indicate that the longitudinal

muscle responses to nucleoside and nucleotide in
the rat proximal colon are distinctly different from
that in the rat distal colon, and the contractile re-
sponses to ATP are mainly regulated through P2
receptors.

When the preparation was precontracted with
5-HT or ACh, ATP induced relaxant responses in
a concentration-dependent manner. ATP at 100
pmol * L™ ! produced relaxant responses by (84.4 +
15.0) % (precontracted with 5-HT) and (88.4 +
16.1) % (pretcontracted with ACh), however,
adenosine at the same concentration produced re-
laxant responses by only (24.3+8.2)% (pre-
contracted with 5-HT) and (26.2 + 10.0)%
(precontracted with ACh). Therefore, the most
part of relaxant responses to ATP in longitudinal
muscle strips of the rat proximal colon is mediated
through P2 receptors, and the response to ATP
and its mechanism are extremely different from
those in longitudinal muscle strips of the rat distal
colon. In the present study, we also conclude that
KClI is not a suitable agent for producing precon-
traction in longitudinal muscle strips of the rat
proximal colon to observe the relaxant responses
induced by nucleoside and nucleotide. A study for
analyzing the contribution of P2X or P2Y receptor
subtypes to the relaxant and contractile responses
to ATP in the rat proximal colon will be needed in
further.
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