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Background: Various parts of a small tree, Steganotaenia araliacae are used as medicine in local traditional settings in
Zambia to initiate and augment parturition although very little is documented about its physiological and pharmacological
effects. Steganotaenia araliacae cold extract has been observed to cause contractions of uterus in rats but its effect on non-
uterine muscle is unclear. The aim of this study was to establish the contractile effect of Steganotaenia araliacae cold extract
on isolated rat ileum smooth muscle.

Method: Animals were sacrificed by cervical dislocation. Abdominal incisions were made to expose and dissect three ileum
segments from each rat. The ileum segments were immediately transferred and mounted in the organ bath containing Tyrode
solution. The contractile effects of acetylcholine (a reference agonist) and Steganotaenia araliacae cold extract on ileum
segments were investigated starting with the least effective doses, thereafter doubling the doses until maximal tissue
response was observed. Antagonists that include atropine, indomethacin, mepyramine, ondansetron and nifedipine in the
presence and absence of Steganotaenia araliacae cold extract were also investigated to establish the mechanism of action
Results: Steganotaenia araliacae cold extract increased the contractile force of isolated rat ileum in a dose-response manner
but had no significant effects on the frequency of the spontaneous contractions. Pre-treating the tissue with atropine,
indomethacin, mepyramine or ondansetron did not inhibit the contractile force of Steganotaenia araliacae cold extract,
while pre-treating the tissue with nifedipine inhibited its contractile force by 100% (p<0.05)

Conclusion: The cold root extract of Steganotaenia araliacae induced contractions on isolated rat ileum smooth muscle in
a dose response manner by probable activation of calcium channels. It is possible that SAE¢ if used in high doses may cause
severe abdominal cramps an effect that needs to be noted as it is being used in parturition.
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INTRODUCTION

Steganotaenia araliacae (SAE), locally
known as Fyopola (Chewa) is a small
multipurpose savanna tree whose crude extract is
one of the many herbal extracts traditionally used
by local women in Zambia to induce and/or
augment parturition [1]. Steganotania araliacae
has also been used in management of various
other ailments in in African folk medicine.
Among the reported traditional wuses of
Steganotaenia araliacae extract include as snake
venom antidote [2, 3, 4], treatment of fever and
stomachache/dysentery [5] and treatment of
Human immunodeficiency virus (HIV) infection
[6]. A recent study by Ojerinde et al., revealed
some antioxidant and antibacterial activity of
SAE [7]. Two other studies one by Matowa et al.,
and the other by Abdurahman et al., has revealed
anticancer and antidiuretic activity [8, 9] of SAE
respectively. These findings justify the traditional
uses of the extract of SAE in management of some
medical conditions in  folk  medicine.
Phytochemical screening of the menthol extract of
the seeds of SAE by Mussie et al., and another
study by Meragelman revealed presence of many
bioactive metabolites one of which showed
antiproliferative activity against ovarian cancer
[10, 11]. Presence of some bioactive compounds
in the crude extract of SAE justifies another
reason for its traditional use and calls for further
experimental research on it which may lead to the
discovery of a new drug for use in conventional
medicine.

Most herbal medicines are used as crude extracts
and may have multiple adverse effects on the
function of body systems. Steganotaenia
araliacae water extract has been shown to
increase contractility of isolated rat uterine
smooth muscle in a dose - response manner [12],
but its effects on the function of the
gastrointestinal system and several other organ
systems is still not clear. More studies need to be
done to investigate the effects of this plant both in
vitro and in vivo to reveal possible clinical
implications of its use and its toxicity.

Smooth muscle is a major component of the
uterus and ileum so there are several similarities
in regulation of their contractile process. We
therefore found it imperative to investigate the
effects of Steganotaenia araliacae extract on
ileum smooth muscle function. This study will
enable the users of SAE either to facilitate labor
or indeed for several other traditional uses to be
well informed of its effects on gastrointestinal

function. Any substance that Interferes with the
normal contractile process of gastrointestinal
smooth muscle would result in gastrointestinal
disturbances e.g. diarrhea, abdominal cramps,
constipation, nutrient indigestion and nutrient
malabsorption. The aim of this study was to
establish the effects of Steganotaenia araliacae
extract on the contractile function of isolated rat
ileum.

METHODS AND MATERIALS
Plant materials

Fresh plants with leaves and roots of S.
araliacea were collected from traditional birth
attendants and some other knowledgeable local
people in Chongwe townships of Lusaka province
of Zambia. Identification and authentication of
the plant was done at The University of Zambia
(UNZA), School of Natural Sciences, in the
herbarium section where the sample was assigned
voucher number of LL2. Fresh root barks of S.
araliacea were collected and washed to remove
adulterants and soil particles. The barks were
chopped into bits and dried in the shade for 14
days. The dried root barks were further reduced to
powder by pounding in mortar with pestle.
362.67g quantity of powder was weighed using an
electronic balance (Model: BPS-1000-C,-V,,
Serial No. : 453040/15, Manufacturer: MRC. Ltd)
and soaked in 1800ml of distilled water for 24
hours. The mixture was sieved and squeezed
through a mutton cloth to get rid of large particles.
The infusion was then centrifuged at 2000 rpmfor
10 minute using a centrifuge (MFG No.:99698,
CAT No.: 001472, Manufacturer: Hitachi koki
co.Ltd). The supernatant was decanted and
filtered using Whitman filter paper size No.l to
obtain a brown filtrate. The filtrate was
concentrated to a volume of about 400ml using a
laboratory hot plate (Model No: 13474,
Manufacturere: Ikemoto Rikakogyo co.Ltd) and
later in a hot air drying oven (Model: DG-81,
Manufacturer: Yamato co. Ltd, Japan) at 60°C to
complete dryness until a constant weight of a
brown semi-solid extract was obtained which was
named Steganotaenia araliacea cold water
extract (SAE®).
Animals

Eight (8) female gravid albino rats of
Wistar strain (Rottus norvegicus) weighing 180 -
250 grams were selected and housed in the animal
unit of the Department of Biomedical sciences,
School of Medicine, University of Zambia for a
period of two weeks. The animals were
maintained according to standard nutritional and
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environmental conditions, had free access to
standard feed (Bendel Feeds and Flour Mill) and
water. Animal studies were conducted according
to standard guidelines for use of laboratory
animals [13].
Drugs

Acetylcholine (1.65x107*M) was used as
reference agonist drug with atropine sulphate (6 x
10™2ug/ml) as its antagonist. Nifedipine (2.9
x107*M), Indomethacine (1.2mg/ml),
mepyramine (100pg/ml) and ondasentron (136
mM) were used as antagonists to investigate the
mechanism of action of Steganoteania araliacea
extract.

Extraction and mounting of the isolated rat
ileum

Animals were humanely sacrificed by a
quick cervical dislocation. An abdominal incision
was made to expose the visceral organs and the
ileum was identified. The ileum was dissected out
and transferred into a beaker containing Tyrode
solution at 37°C. Intestinal contents were
removed by flushing with Tyrode solution and the
ileum from each rat was cut into 3 segments of 2
- 3 cm long. A thread was attached to one end of
the isolated ileal segment and fixed to a lever
system fitted on the isometric transducer (Make:
MLT 0210/A, Serial No.: 1003011, Manufacturer:
Panlab, S.L, Spain) and the other end was fixed to
a hook. The tissue was transferred and mounted in
a 25ml organ bath containing Tyrode solution
maintained at 37°C and aerated with ordinary air
with Sonic aquarium air pump (Model No: 9905).
An initial resting tension of 1g (10mN) was
applied to the mounted segments. The tissues
were left to stabilize in the organ bath for 60
minutes before any drug was administered while
the physiological solution was replaced with fresh
one every 15 minutes

Experimental design

The effects of none-cumulative
concentrations of acetylcholine (1.817 x107®
mg/ml — 1.817 x 10mg/ml) and SAE* (1mg/ml
- 40mg/ml) on contractile response of the
mounted isolated ileum were investigated to
obtain dose-response curves. In another
experiment the contractile effects of SAEe
(8mg/ml) and acetylcholine (5 x 10~ mg/ml) in
the presence of atropine (4.8mg x 10™*mg/ml),
indomethacin (0.036mg/ml), nifedipine
(2.9x10™*M),  mepyramine  (lpg/ml)  or
Ondansetron (1pM) were investigated in an
attempt to establish the probable mechanism of
action of SAEc. After each drug or extract
administration, the tissue was washed three times

with fresh physiological salt solution and allowed
appropriate time to recover (return to baseline)
before subsequent additions of drugs or extract.
The contractile response of the isolated ileum to
each treatment was recorded using the ML856
PowerLab 26T (Model: ML 856,
Manufacturer:Panlab, S. L, Spain) and recorded
on a graph displayed by LabTutor.

Statistical analysis

All values were expressed as the mean +
SEM (standard error of the mean) and ‘n’
represents the number of rats from which ileum
segments were obtained. GraphPad Prism version
5 statistical package was used for statistical
analysis. The levels of significance were made
using one-way ANOVA with Bonferroni's
Multiple Comparison Test for comparison of
means between groups. A value of P < 0.05 was
considered significant in all cases.

RESULTS

The objectives of the study were to
measure the change in isometric tension and
contractile frequency of isolated rat ileum
produced by cold extract of SAE¢, and determines
its possible mechanism of action. Various non-
cumulative concentrations of cold-water root
extract of SAE¢ were administered in the organ
bath where segments of isolated rat ileum were
mounted each at a time. Doubling the dose of
SAE¢ increased the contractility (tension) and
showed a dose-response relationship as indicated
below (Figure 1, a), b), ¢), d), e), ), g) and Table
1) of isolated ileum. Increase in concentration of
SAE¢ form Img/ml to 32 mg/ml resulted in a
proportional increase in tissue response. However,
doses of SAE¢ higher than 32mg/ml did not result
in any further increase in tissue response (Table 1)
implying that all the available receptors for SAE®
were saturated at 32mg/ml.

A plot of Log-dose of SAE° and Ach
against maximal tissue response showed a dose-
response relationship. The curves were sigmoidal
in shape, typical of drug-receptor interaction as
illustrated in Figure 2. The curves also showed
that Ach was more potent than SAE-«.

The mechanism of action of SAE¢
involved direct or indirect opening of calcium
channels because pretreating the tissues with
nifedipine inhibited the contractions caused by
both acetylcholine and SAE¢ by 100% (p< 0.05)
from 11.642mN to OmN for acetylcholine and
from 13.652mN to 0 mN for SAE¢ (Figure 3).
Pretreating the tissues with indomethacin,
ondansetron (1uM), and mepyramine (Ipg/ml)
did not inhibit the contractions caused by either
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acetylcholine or SAE¢ (p>0.05). This indicated
none involvement of  prostaglandine,
(serotonergic) 5-HT3; and (histaminergic) Hj
receptors in the contractile response produced by
Ach and SAEe¢ respectively (Figure 4, 5 and 6).
Atropine physiologically inhibited the ileum
contractions produced by acetylcholine by about
55% (p<0.05) from average of 11.642mN to
5.264mN. The same dose of atropine did no
inhibit the contractions caused by SAE¢ (p>0.05)
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Table 1: Effects of non-cumulative SAE¢ (100mg/ml) concentration on amplitude and frequency of
spontaneous contractions of the ileum (n=3)

Ach and SAE dose response curves

1001
® Ach

804 m SAE

60+

40

%Maximum response
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Log Concentration(mg/ml)

Figure 2: Log dose-response curves of acetylcholine (1.817 x10 ~°mg/ml — 1.817 x 10 >mg/ml) and SAE¢
(Img/ml —40mg/ml) on isolated rat ileum. Each point is the mean + sem(n=3)
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Determination of the mechanism of action of SAE*
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Figure 3: Effects of nifedipine (2.9x10 M) on responses produced by Ach (5 x 10 ~° mg/ml and SAE¢
(8mg/ml) on isolated rat ileum. Each column represents the mean + sem (n = 3 rats)
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Figure 4: Effects of indomethacin (0.036mg/ml) on responses produced by acetylcholine (5 x 10 ~*mg/ml
and SAE (16mg/ml). Each column represents the mean + sem (n = 3 rats).
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Figure 5: Effects of Ondansetron (1uM) on responses produced by Ach (5 x 10 ~°mg/ml and SAE (8mg/ml)
on isolated rat ileum. Each column represents the mean + sem (n = 3 rats).
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Figure 6: Effects of mepyramine (lug/ml) on responses produced by Ach (5 x 10~° mg/ml and SAE
(8mg/ml) on isolated rat ileum. Each column represents the mean + sem (n = 3 rats).
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Figure 7: Effect of Ach (5 x 10 > mg/ml and SAE< (8mg/ml) in presence of atropine (4.8mg x 10 ~9ng/ml)
on the isolated rat ileum. Each column represents the mean = sem (n = 3 rats).

DISCUSSION

The study set out to determine the
contractile effects of SAE¢ on isolated rat ileum.
A sample of 24 rat ileum segments were harvested
from 8 gravid female rats (3 segments from each
rat) and selected for this study. Our findings
showed that SAE¢ (Img/ml — 64mg/ml) increased
contractile force of rat ileum smooth muscle in a
dose-response manner, but the same doses had no
significant effect on frequency of spontaneous
contractions. This observation opposed the
findings of a previous study by Alemeka et al.,
where ethanol extract of SAE caused relaxation of
rabbit jejunum. In the study by Alemeka et al.,
lower doses of SAE¢ (0.lmg/ml to 3.2mg/ml)
caused relaxation and reduced motility of isolated
rabbit jejunum in a dose-response manner [14].
The discrepancy between our study and the study
by Alemeka cited above could be due to
differences in the extraction solvents and methods,
dosage and experimental animal species used.
Another study by Goma et al., revealed that SAE¢
increase contractility and motility of rat uterus
smooth muscle in a dose response manner but at
much lower doses (0.016mg/ml — 2.048mg/ml)
indicating that the uterus is much more sensitive
to SAEc than the ileum [15]. The observed
difference in potency of SAE between our study
and that done by Goma et al., could be that SAE
activates different contraction pathways in the rat
uterus compared to the ileum. It may also justify
the absence of gastrointestinal associated

complaints in women who take the herb.

A few studies on the toxicity of the
extract of SAE have been done. In an acute
toxicity study by Ezeala et al., very high oral
doses of 10,000mg/kg did not cause death or
significant damage to liver, pancreas, heart and
kidneys in Wister rats indicating high safety when
orally administered [16]. However, a study by
Agunu et al., revealed the unsuitability of
methanolic extract of SAE stem-bark for human
therapy because significant liver, intestinal and
kidney damage caused death of 50% of male rats
at intraperitoneal dose of 1.75g/kg(LD50)[17].
The opposing findings by these two studies could
be attributed to route of administration and the
method of extraction of the SAE. Oral route of
administration may  have reduced the
bioavailability of the extract to vital organs due to
its enterohepatic circulation and metabolism by
liver and gastrointestinal tract. This could reduce
the dose from reaching toxic levels in the liver,
kidney, pancreas and intestines compared to
higher dose that could be obtained if the extract
was given by intraperitoneal route. The extraction
method used by Agunu et al., involved use of
methanol. The use of methanol for extraction
could have increased the number and types of
metabolites extracted from the plant some of
which may have been involved in acute toxicity
that was observed. In contrast, the extraction
method used by Ezeala et al., involved cold water
that could have failed to dissolve toxic plant

39



Hamambulu P, Goma FM, Choongo K, Simfukwe N, Lwiindi L, Mwenya KC,. Effects of Steganotaenia Araliacae Root Extract
on Contractile Function of Isolated Rat lleum

metabolites hence no acute toxicity observed.
These results signify that the cold extract of SEA
is relatively safe when orally taken and at lower
doses effective for inducing uterine contractions
to facilitate labor but calls for caution at higher
doses. More toxicity and potency studies in live
female gravid rats are supposed to be done to
further determine its safety.

Physiological  pathways controlling
smooth muscle contraction involve increasing
intracellular calcium concentration. Calcium
entry into smooth muscle cells may be through
any or a combination of all of the following ways;
voltage-gated calcium channels in response to cell
depolarization, calcium release from
sarcoplasmic reticulum or entry of calcium from
voltage independent channels [18]. These calcium
channels could be opened by stimulation of one or
several receptors that include histaminergic (H;)
receptors [19], serotonergic (5-HT3) receptors
[20], muscarinic (M, and M3) receptors [21] and
activation of L-type calcium channels by
depolarization of the plasma membrane [22]. The
observed increased contractility of rat ileum
smooth muscle caused by SAE® could be through
activation of one or more of the pathways
involved in ileum smooth muscle contraction.
One of the aims of our study was to find the
probable mechanism by which SAE¢ caused the
observed dose-response effect on contractility of
isolated rat ileum smooth muscle. This was done
by pretreating the tissue with atropine (M and M3)
receptor antagonist [23], nifedipine, calcium
channel blocker [24], indomethacin
(prostaglandin ~ synthetase  inhibitor  [25],
mepramine, an H; receptor antagonist [26] and
ondansetron, an 5-HT3z antagonist. The ileum
contractions caused by SAE¢ were not inhibited
by atropine, indomethacin, ondansetron or
mepyramine. However, pretreating the tissue with
nifedipine inhibited the isolated ileal contractions
caused by SAE¢ by 100%. This observation
suggested that SAE¢ probably stimulated the
ileum contractions through calcium channels
activation by either acting directly or indirect.

CONCLUSION

It can be concluded that SAEc causes
contractions of isolated rat ileum smooth muscle
in a dose-response manner. The mechanism of
action may be by probable activation of calcium
channels. From our observations and the review
of some previous studies, it is worth noting that
herbal medicines may have multiple effects on
function of body systems depending on the dose
and toxicity of the herbal extract. It is possible that
SAEe if used in high doses could cause severe

abdominal cramps which may be controlled by
nifedipine. Further works need to be done to
investigate short- and long-term effects of SAE®
on functions of all body systems.
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