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THE ACTIONS OF 5-HYDROXYTRYPTAMINE AND HISTAMINE ON
THE ISOLATED ILEUM OF THE TREE SHREW (Tupaia glis)

K. SAKAI, Y. SHIRAKI, T. TATSUMI* & K. TSUJI*
Department of Pharmacology and *Laboratory Animal Centre, Research Laboratories,
Chugai Pharmaceutical Co., Ltd., Takada, Toshima-ku, Tokyo 171, Japan

1. Contractions to 5-hydroxytryptamine (5-HT) and histamine of longitudinal muscle from the
isolated ileum of the tree shrew (Tupaia), guinea-pig and rat were investigated by constructing dose-
response curves and studying the effects of various antagonists.
2 In the Tupaia and rat ileum the contraction to 5-HT was reduced by methysergide but not
affected by tetrodotoxin (TTX), morphine, hexamethonium (C6) or atropine. The response of guinea-
pig ileum to 5-HT was not significantly inhibited by methysergide or C6, but was blocked by
TTX, morphine and atropine.
3 Histamine-induced contraction of Tupaia and guinea-pig ileum was antagonized by diphenhydra-
mine but not by TTX, morphine, C6 or atropine. Histamine was almost without effect on the
rat ileum.

Introduction

Tree shrews (e.g. Tupaia glis) have an anatomical (Le
Gros Clark, 1971) and serological (Goodman, 1966;
Moore & Goodman, 1968) resemblance to primitive
primates. They appear to have several desirable quali-
ties as experimental animals (Schwaier, 1973; 1975),
but little is known of their usefulness in applied medi-
cal research.
The present study compares and contrasts the

effects of 5-hydroxytryptamine (5-HT) and histamine
on the ileum of Tupaia, guinea-pig and rat.

Methods

Male adult Sprague-Dawley rats, Hartley guinea-pigs
and Tupaia (bred in the Chugai Farm) were killed
by a blow on the head. The ileum was excised and
segments about 2 cm long were removed from the
mid-ileum. The oral end of each segment was tied
to a supporting hook and the other end to a record-
ing lever. Each preparation was suspended under a
load of 0.5 g in a 10 ml organ bath containing Krebs
solution at 37°C gassed with 95% 02 and 5% CO2.
Isotonic muscle contractions were recorded on a
pen recorder (Custom Demand Recorder, Model
CDR-12A, TOA Electronics Ltd.) using a transducer
(Medical Electronics Commercial, ME-4012). The
composition of the Krebs solution was (mM): NaCl
119, KCI 1.8, CaC12 2.5, NaHCO3 25, KH2PO4 1.2,
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MgSO4 1.2 and glucose 11.0. The pH of the gassed
solution was 7.4.

Preparations were equilibrated for at least 1 h, with
washes every 10 min, before exposure to drugs.
Cumulative contractile responses (unless otherwise
stated) to 5-HT and histamine were calculated as a
percentage of the maximal contraction to acetylcho-
line. Doses were increased by a factor of about 3,
and were introduced when the preceding ones had
reached a steady value. Concentration-percentage
maximal response curves for 5-HT and for histamine
were constructed employing five or six doses. The
bath fluid was then changed and the antagonist added
to the replacement fluid. After S min, the dose-
response curves were repeated. A different piece of
ileum was used for each experiment.

Drugs used were: 5-hydroxytryptamine creatinine
sulphate (Sigma), histamine dihydrochloride (Wako
Junyaku), acetylcholine chloride (Daiichi Seiyaku),
atropine sulphate (Takeda), tetrodotoxin, morphine
(both Sankyo), hexamethonium bromide (Yamanou-
chi), methysergide tartrate (Sandoz) and diphenhydra-
mine hydrochloride (Kowa). All drugs were dissolved
in 0.15 M NaCl and usually injected into the bath
in a volume of 0.1 ml.

Values in the test are arithmetic means + s.e. (un-
less otherwise stated). The statistical significance of
the differences between mean values was assessed by
Student's t test and expressed as P values.
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Results
5-Hydroxytryptamine

5-HT (0.03 to 10 gM) caused reproducible contrac-
tions of the ileum of Tupaia, guinea-pig and rat. No
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tachyphylaxis. was observed when the bath fluid was
changed six times between each cumulative dose-res-
ponse curve for 5-HT constructed at 10-min intervals.
Figure 1 shows the effects of TTX (2 AM), morphine
(0.3 AM), C6 (100 AM), methysergide (0.03 Am) and atro-
pine (0.03 gM) on the dose-response curve to 5-HT.
In preparations of guinea-pig ileum, C6 and methyser-
gide caused no significant (P > 0.05) shift in the dose-
response curve to 5-HT. The dose of C6 (100 PM)
was sufficient to shift the dose-response curve to
dimethylphenylpiperazinium (1 to 100 pm) about 30
times to the right. Morphine shifted the 5-HT curve
to the right. Atropine or TTX caused a pronounced
depression of responses to higher doses of 5-HT. In
preparations of 7I*paia and rat ileum, methysergide
antagonized the contractile response to 5-HT,
whereas TTX, morphine, C6 or atropine caused no
significant (P > 0.05) change.

Histamine

Histamine (0.1 to 30 pM) contracted Thpaia and
guinea-pig ileum, but was almost without effect on
the rat ileum. The contraction caused by histamine
in 7iTpaia and guinea-pig ileum preparations was not
affected by TTX (2 pM), morphine (0.3 PM), C6 (100
pM) or atropine (0.03 pM). On the other hand, diphen-
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Figure I The effects of five antagonists on longitudinal muscle contractions to 5-hydroxytryptamine (5-HT) in
Tupaia (a), guinea-pig (b) and rat (c) ileum. 5-HT was cumulatively added to the bath fluid, except in methysergide-
treated preparations of Tupaia and rat ileums. In Tupaia and rat ileum, the effect of methysergide was tested
with single doses of 5-HT, because the response to 5-HT reached a maximum and fell rapidly in the treated
preparations. Responses to agonists are plotted as 0O maximal contraction to acetylcholine against the log1o
molar concentration. Each curve represents mean + s.e. and number of experiments is shown in parentheses.
Circles show responses to agonists and triangles the effect of antagonists. Significant differences are shown as
follows: * p < 0.05; ** P < 0.01.
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Figure 2 The effects of five antagonists on longitudinal muscle contractions to histamine in Tupaia (a) and
guinea-pig (b) ileum. Histamine was almost inactive on rat ileum even at the highest concentration (30 gAm)
used. Other details as in Figure 1.

hydramine (0.3 pM) antagonized the histamine-
induced contraction. Summarized data are shown in
Figure 2.

Discussion

The contractile response of Tupaia isolated ileum to
5-HT was antagonized by methysergide, a substance
which blocks smooth muscle 5-HT receptors (Day &
Vane, 1963) but was not significantly affected by TTX,
morphine or C6. Thus, 5-HT seems to act on ileal
longitudinal muscle fibres but not on nerves.
The site of action of 5-HT in Tupaia ileum was

similar to that in longitudinal muscle of rat ileum.
It differed from that in guinea-pig ileum, where TTX,
atropine or morphine inhibited the contraction to
5-HT. This finding points to the involvement of
neural elements in induction of the contraction, and
supports previous conclusions concerning the site of

action of 5-HT (Rocha e Silva, Valle & Picarelli,
1953; Robertson, 1953; Gaddum & Hameed, 1954;
Gaddum & Picarelli, 1957; Brownlee & Johnson,
1963; Day & Vane, 1963).
The mode of action of histamine on the ileum was

similar in the Tpaia and guinea-pig, but differed in
the rat which was virtually unaffected. Since the hista-
mine-induced contraction in Tupaia or guinea-pig was
not modified by TTX, morphine or C6, it is not
mediated through any neural element. Presumably,
histamine acts on receptors in the muscle which are
blocked by the Hl-receptor antagonist, diphenhydra-
mine.
The mode of action of 5-HT and histamine on

Tupaia ileum seems to resemble that on human ileum
(Fishlock, 1964; Bennett, 1965) and jejunum (Whit-
ney, 1965). Rodent tissues are widely used for analysis
of drug action, but for the evaluation of drugs for
potential use in man it may be that Tupaia, a primi-
tive primate (Schwaier, 1973; 1975), is preferable.
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