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ABSTRACT

Aims: This study investigated the effect of the aqueous methanolic extract of unripe Carica papaya
(AMEUCP) on uterine contractility and its possible mechanism(s) of action.

Place and Duration of the Study: The study was carried out in the Department of Veterinary
Surgery and Theriogenology, Michael Okpara University of Agriculture, Umudike, Nigeria and the
Department of Veterinary Physiology and Pharmacology, University of Nigeria, Nsukka, Nigeria
between February and June 2013.

Methods: Fresh mature unripe pawpaw fruits were obtained from Nsukka and extracted by cold

*Corresponding author: Email: talk2eby11@yahoo.com;



Odirichukwu et al.; BJPR, 8(1): 1-10, 2015; Article no.BJPR.19248

maceration with 80% methanol for 48 hours and then concentrated to dryness. Estrogenised
uterine muscle strips were harvested from sexually mature non-gravid female rats (200-250 g). In
each experiment, a strip of about 1 cm was mounted in a 50 ml organ bath containing Krebs’
physiological salt solution, connected to an isometric electronic force displacement transducer and
an oscillograph. The following drugs were used as receptor agonists or antagonist: Salbutamol
(0.2 pyM), Isoprenaline (0.1 uM), Prazosin (10 nM), Propranolol (0.2 uM), cholinergic receptor
antagonist; Atropine (240 nM). The extract and the standard drugs were applied at concentrations
corresponding to the final bath concentration.

Results: The extract elicited forceful contraction of the uterus in a dose dependent manner and the
mechanism of this contraction has been shown to involve the stimulation of myometrial cholinergic
and alpha adrenoceptors, mobilization of calcium ion from the extracellular fluid and partly by
release of calcium ions from the sarcoplasm.

Conclusion: These findings justify the traditional use of the plant for its uterotonic properties while
deciphering its possible mechanisms of action may serve as a focal point for development of new

uterotonics or oxytocics.

Keywords: Carica papaya; uterotonics; myometrium; adrenergic receptors.

1. INTRODUCTION

Abnormalities in the process of uterine muscle
contractility during pregnancy and birth can have
major clinical implications, including preterm
labor, a leading cause of maternal and prenatal
mortality [1]. In contrast, induction of labour may
be necessary in certain conditions. Uterotonics or
oxytocics are substances usually employed in
the modulation or regulation of uterine
contractility. Clinically they may be used to
induce or augment labour, ripen the cervix,
facilitate uterine contractions following a
spontaneous abortion and prevent postpartum
haemorrhage [2,3]. They are also useful in
management of retained foetal membranes,
contraction stress tests, treatment of cases of
mis-mating (in bitches) and in cases where
abortion is imperative [4]. Nature’s diversity has
always been, and still is one of the biggest
resources of therapeutic lead compounds and a
great number of medicinal plants have been
shown to possess oxytocic potentials [5-8].
Currently used interventional therapies to
suppress or to induce uterine contractions lack
potency and/or selectivity and may possess
some undesirable effects therefore necessitating
the search for new oxytocis with minimal side
effects.

Carica papaya, a tree of the Caricaecia family is
one of the indigenous plants widely cultivated
throughout the world for food and medicinal
purposes. Unripe (green) papaya has been
attributed with lots of medicinal values [9-11]. In
Nigeria, it is used for management of sickle cell
anaemia [12] and have been successfully
incorporated into livestock feed as dietary

supplement [13] while In Indian traditional
medicine, green papaya is used as an
emmenagogue, contraceptive and as an

abortifacient [9]. The aims of the present study
were therefore to assess the effects of the
aqueous methanolic extact of unripe Carica
papaya (AMEUCP) on the isolated rat uterine
tissue and to propose its possible mechanism (s)
of action relevant to its popular use as an
abortifacient and as a contraceptive.

2. MATERIALS AND METHODS
2.1 Collection of Plant Material

Fresh sample of mature unripe pawpaw fruits
were obtained from Nsukka urban region in
February 2013 and authenticated by Mr A.
Ozioko, a taxonomist at the International Centre
for Ethno medicine and Drug Development
(INTERCEDD), Nsukka.

2.2 Preparation of Extracts and

Determination of Plant Yield

The fruits were sliced into thin sheets, sun-dried
and pulverized into a fine powder using a dry
grinder. The powder was stored in an air tight
container at 23-25°C until required. 500 g of the
dried sample were subjected to cold maceration
with aqueous methanol for 48 hours, stirring at
intervals. The extract was concentrated to
dryness in a hot air oven at a reduced
temperature of 40°C to give a vyield of 15.6%
(w/w). The extract was then stored at 4°C
throughout the period of the study, until used as
a reconstituted aqueous-methanol solution.
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2.3 Animals

Adult female Wistar albino rats (250-255 g) were
obtained from the Animal House Unit of the
Department of Pathology and Microbiology,
Faculty of Veterinary Medicine, University of
Nigeria, Nsukka. They were kept in rat cages in
well a ventilated house, temperature of 27—
30°C, 12 h natural light and 12 hour darkness.
The animals were provided commercial feed
(Grand Cereals and Oil Mills Ltd, Bukuru, Jos,
Nigeria) and clean water ad libitum. Protocol for
this experiment was in accordance with the
guidelines on the care and well being of
research animals [14]. They were also allowed
to acclimatize for two weeks before the
commencement of the experiment.

2.4 Physiological Salt Solution (PSS)

Fresh Krebs solution was used, having the
following composition in grams per litre: NaCl 6.9
g; KCI1 0.35 g; CaCl, 0.28 g; MgSQO,.7H,0 0.29 g;
KH,PO,4 0.16 g; NaHCO; 2.1 g; Glucose 2.0 g;
and distilled water up to 1 litre.

2.5 Nominally Ca*- free Physiological
Salt Solution

Nominally Ca**- free physiological salt solution
was prepared by deliberate exclusion of calcium
chloride (CaCl,) from the normal composition of
Krebs physiological salt solution; that is, NaCl 6.9
g; KCI 0.35 g; MgS0,4.7H,0 0.29 g; KH,P0O,0.16
g; NaHCO; 2.1 g; D glucose 2.0 g/L)

2.6 Tissue Preparation

The female Wistar albino rats were injected with
0.2 mg/kg stilboestrol intraperitonially 24 hours
prior to the start of the experiments in order to
induce oestrus in the animals. The rats were
sacrificed by stunning and cervical dislocation.
The uterus was isolated, freed of fats and
extraneous tissues and immediately placed in
petri dishes containing freshly prepared Krebs
physiological salt solution (PSS). Approximately
1cm of the uterine strips were threaded and
mounted up in a 50 ml organ bath containing
freshly prepared Krebs PSS maintained at a
temperature of 37°C and aerated with 95% O,
and 5% CO,. One end of the thread was
attached to a tissue holder and the other end to a
smooth muscle transducer connected to a force
transducer (Ugo Basile, ltaly) connected to an
oscilliograph  (2-channel polygraph recorder,

“Gemini” 7070),. The measurement set up was 2
mm/min. The preparation was then allowed to
stabilize for 30 min for the development of stable
rhythmic spontaneous contractions. The extracts
or standard drugs at different concentrations
were applied, allowed to act for 3-5 minutes and
the response observed and recorded. The tissue
was washed with fresh PSS before
commencement of subsequent experiment.

2.7 Determination of Dose - Response
Relationship

Graded concentrations (0.04—0.29 mg/ml) of
AMEUCP were applied to the tissue and the
responses observed and recorded after which

the effective concentration (ECs) was

determined.

2.8 Determination of the Role of
Extracellular Calcium in AMEUCP-
Induced Uterine Force

The role of extracellular calcium in AMEUCP -

Induced Uterine force was determined firstly by
applying graded concentrations of verapamil
(0.02-0.2 uM), a voltage-dependent calcium-
channel blocker, to the tissue in normal
physiological salt solution. The tissue responses
in the presence of a fixed concentration of the
extract (0.18 mg/ml) were observed and
recorded.

Secondly, involvement of extracellular calcium in
the contractile response expressed by AMEUCP
was further investigated by applying graded
concentrations (0.04-0.29 mg/ml) of the extract
to the tissue in a nominally calcium free
physiological salt solution. The tissue responses
were equally observed, recorded and then neatly
traced out.

2.9 Investigating the Possible Mechanism
of Action of AMEUCP-induced Uterine
Force (Cholinergic Pathways and
Adrenergic Pathways)

Fixed concentrations of some standard drugs,
i.e. alpha and beta adrenoceptor agonists
[Salbutamol (0.2 uM), Isoprenaline (0.1 uM)] and
antagonists [Prazosin (10.0 nM), Propranolol
(0.2 uM)], or cholinergic receptor antagonist
[Atropine (240 nM)] were applied to the isolated
uterine tissue in a normal PSS. Each of the
drugs was allowed to act for 3-5 minutes and the
response observed and recorded.
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3. RESULTS
3.1 Dose-response Relationship and EC5,

The extract (0.04-0.29 mg/ml) elicited a forceful
contraction of rat uterine strips which increased in

0.04E 0.07E

0.15E

both frequency and amplitude in a concentration
dependent manner (Fig. 1). The effective
concentration (ECsy) of the extract was
0.06mg/ml with 0.04 mg/ml as the lowest active
concentration (Fig. 2).

it
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Fig. 1. Concentration response curve of AMEUCP
Key: 0.04E, 0.07E, 0.15E and 0.29E = 0.04, 0.07, 0.15, and 0.29 mg/ml of AMEUCP respectively.
Direction of flow of contractile response is to the right ( — )
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Fig. 2. Concentration-response curve of AMEUCP in uterine in vitro preparation showing EC5,
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3.2Role of Extracellular Calcium in
AMEUCP-induced Uterine Force

Introduction of a voltage-dependent calcium
channel blocker verapamil HCI (0.02-0.2 yM) in
normal physiological salt solution greatly
attenuated the AMEUCP (0.18 mg/ml) induced
uterine contraction in a dose dependent manner.
The contractile response of the uterine tissue to
the extract (0.18 mg/ml), decreased both in the
amplitude and frequency as the concentration of
verapamil mcreased (Fig. 2) whereas, deliberate
removal of Ca®* from the |ncubat|on medium by
incubating in a nominally Ca®* free physiological
salt solution resulted in a marked reduction both
in frequency and amplitude of the myometrial
tissue responses to the extract (Fig. 3).
Application of AMEUCP initially produced a
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weak contractile spike after which it did not
initiate any further contractile response (Fig. 3).

3.3 Involvement of Cholinergic Receptors
in AMEUCP-modulated Contractility

Pre-treatment of uterine strips with a fixed

concentration of atropine (240 nM); a non-
specific  muscarinic  (cholinergic) receptor
antagonist, attenuated the AMEUCP induced
myometrial response. The extract induced

uterine force was completely inhibited at reduced
concentration of the extract (0.11 mg/ml). The
response was however reinstated at the
application of higher concentrations of the extract
(0.15 mg/ml, 0.29 mg/ml) following pre- treatment
with atropine (Fig. 4).

e
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Fig. 3. Responses of AMEUCP in the presence of verapamil (a calcium-channel blocker)
Key: 0.02V, 0.04V, 0.06V, 0.08V, 0.1V 0.2V = 0.02 uM, 0.04 uM, 0.06 uM, 0.08 uM, 0.1 uM, 0.2uM of verapamil
respectively; 0.18E = 0.18 mg/ml of AMEUCP.

Direction of flow of contractile response is to the right ( —» )
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Fig. 4. Responses of AMEUCP in calcium-free medium

Key: Ca 2

* Fr represents the point at which the nominally calcium free PSS was introduced.

0.11E represent the concentration (mg/ml) of the extract that elicited the response (spike) in the calcium free
PSS.
Direction of flow of contractile response is to the right ( —»)
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Fig. 5. Effects of cholinergic receptors in AMEUCP-modulated contractility
Key: W = point of washing with fresh Krebs solution
Atp 240nM = 240nM of Atropine sulphate,
0.11E, 0.15 E and 0.29E = 0.11, 0.15 and 0.29 mg/ml of AMEUCRP respectively.
Direction of flow of contractile response is to the right ( —»)

3.4 Involvement of Adrenoceptors in
AMEUCP-modulated Contractility

The result of investigations made to ascertain
whether the AMEUCP - induced development of
uterine tone was mediated via the adrenergic
receptors pathways showed that the application
of a selective (Salbutamol 0.2 yM) and a non-
selective (Isoprenaline 0.1 pM) B-adrenergic
stimulant completely abolished (100% inhibition)
the response of the uterine tissue to the extract
(0.18 mg/ml) (Figs. 6a and 6b). However,
Prazosin a specific alpha 1 receptor antagonist
attenuated but did not completely abolish the
extract induced contraction (Fig. 6c¢) while
concomitant application of the extract and
propranolol (0.2 pmol) a B-adrenoceptor
antagonist, elicited a cumulative effect on the
uterine tissue as compared with the response of
the tissue to the extract alone (Fig. 6d) .

4. DISCUSSION

The result of this investigations showed that the
aqueous methanolic extract of unripe Carica
papaya (0.04 -0.29 mg/ml) elicited a forceful
contraction of isolated rat uterine muscle strips
which increased in both frequency and amplitude

in a concentration dependent manner. This is in
agreement with the findings of Adebiyi [9] and
Saha [15] who independently reported that crude
papaya latex from unripe fruits induced
spasmodic myometrial contractions similar to
oxytocin and prostaglandin F,, in rats and guinea
pig respectively. The consistent and sustained
contractile activity observed in this study could
be due to presence of uterotonic principle(s)
which may be a combination of enzymes (papain
and chymopapain), alkaloids, saponins and other
phytoconstituents in the crude extract [16]. The
presence of these various constituents in
AMEUCP with different potency/intrinsic activity
on different sites of action may have been
responsible for the biphasic shape of the
concentration — response curve of the extract
(Fig. 2). Data from the literature indicate that
some of these compound especially saponins
and alkaloids possess uterine stimulating effects
[17-19].

Involvement of calcium in most smooth (including
uterine) muscle contraction could be by influx of

calcium ions or mobilization of extracellular
calcium ions through depolarization of the
muscle cell membrane and opening of the

calcium channels, with resultant rapid entry of
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extracellular calcium into the intracellular
compartment [20,21]. Calcium can also be
mobilized from intracellular storage sites, such as
the sarcoplasmic reticulum in the absence of
extracellular Ca®* so as to elicit myometrial
contraction.

In this study, introduction of calcium channel
blocker verapamil (0.02-0.2 puM) greatly
attenuated AMEUCP (0.18 mg/ml) induced
uterine contraction in a dose dependent manner.
The response of the tissue markedly decreased
as the concentration of verapamil increased
confirming that mobilization of extracellular
calcium is necessary for the extract induced
uterine force. The extract however, produced
only a little spike (AMEUCP 0.11 mg/ml) after
which it did not initiate any further contractile
response in a nominally calcium-free medium.
This shows that the extract either has limited
ability to mobilize calcium ions from the
sarcoplasm or that the calcium ion store in the
sarcoplasm is easily depleted, hence the little
spike. It may therefore be said that influx of
extracellular calcium, is one of the major
mechanisms by which the extract induces uterine
contraction while mobilization of calcium ions
from the sarcoplasmic reticulum (intracellular
influx) had minimal contribution to the
development of uterine force.

Many studies have indicated the existence of
abundant cholinergic receptors in the uterine
smooth muscle and that stimulation of these
receptors by agonists such as acetylcholine
causes contraction of the uterus [22-24].
Abolishment of the AMEUCP (0.11 mg/ml)
induced myometrial response following pre-
treatment of uterine strips with atropine (240 nM)
a non-specific muscarinic receptor antagonist
and subsequent partial reinstatement of the
contractile response as the concentration of the
extract increased (0.15 mg/ml, 0.29 mg/ml)
implies that stimulation of myometrial cholinergic
receptors is among the possible mechanisms of
action of the extract. It may however be deduced
that other pathways other than stimulation of
myometrial cholinergic receptors are equally
involved in the mechanism of the AMEUCP
induced uterine force. The involvement of
muscarinic, oxytocic and H; receptors was also
found to mediate uterine muscle contractility in
response to some other plant extracts
[25,26,6,7].

Alpha and beta adrenergic receptors
(adrenoceptors) are appreciably present in the
rat uterus and other smooth muscles. Stimulation
of the a-adrenoceptors initiates, while blockage
abolishes smooth muscle contractions [27].
Stimulation of a-1 receptors enhances cAMP
phosphodiesterases activity, while stimulation of
a-2 receptors inhibits adenylate cyclase activity,
thereby decreasing the cytosolic cAMP, a
condition necessary for contraction to take place
[28]. Prazosin a specific alpha 1 receptor
antagonist attenuated but did not completely
abolish the extract induced
contraction.Therefore, the extract might have
elicited the observed myometrial contractility
partly by stimulation of the a-1 adrenergic
receptors, possibly by enhancing cAMP
phosphodiesterases activity. In another study,
Mbegbu [29] reported the involvement of alpha 1
receptors in ethanolic fruit extract of Picralima
nitida (Stapf) induced uterine force while
Uchendu [30] however reported mainly the
involvement of alpha 2 receptors as a major
mechanism of inducing smooth muscle
contraction by a glycoside from the root of
Dalbegia saxatalis.

Generally, stimulation of B-adrenergic receptors
produces a relaxation effect on smooth muscles.
This is mainly achieved by elevating the level of
cytosolic cyclic adenosine monophosphate
(cAMP) with a consequent extrusion of calcium
ions hence the relaxation [31]. The administration
of a selective and a non-selective B-adrenergic
stimulant Salbutamol (0.1 and 0.2 uyM) and
isoprenaline (0.1 y M) respectively completely
abolished (100% inhibition) the normal
myometrial response in a normal physiological
salt solution. The administration of AMEUCP
(0.18 mg/ml) could not reinstate (it was still 100%
abolished) this inhibited response. This suggests
that the extract may not have exerted an
inhibitory effect on these agonists, either by
competition for receptor sites or through
reduction of the elevated levels of cytosolic cyclic
adenosine monophosphate (cCAMP) which they
initiated [31]. Concomitant application of the
extract and propranolol (0.2 pmol) a B-
adrenoceptor antagonist elicited a cumulative
effect on the uterine tissue as compared with the
response of the tissue to the extract alone
suggesting that the AMEUCP may possess a
beta antagonist effect. This however requires
further investigation.



Odirichukwu et al.; BJPR, 8(1): 1-10, 2015; Article no.BJPR.19248

It o

WL O *

Fig. 6a Fig. 6b Fig. 6¢
. .
Fig. 6d s

IwnL O

Figs. 6a, 6b, 6¢c and 6d. Effects of adrenoceptor stimulants and blockers
Key: 10.0Pz = 10 nM of prazosin; 0.18E = 0.18 mg/ml of AMEUCP.
0.2S + 0.18E = 0.2 uM of salbutamol plus 0.18 mg/ml of AMEUCP;
0.1ls + 0.18E = 0.1 uM of isoprenaline plus 0.18 mg/ml of AMEUCP;
Prop 0.2 uM = 0.2 uM op Propranolol
W = point of washing with fresh Krebs solution
Direction of flow of contractile response is to the right ( —» )

5. CONCLUSION

The extract has been demonstrated to elicit
forceful contraction of the uterus in a dose
dependent manner and the mechanism of this
contraction has been shown to involve the
stimulation of  cholinergic and alpha
adrenoceptors, mobilization of calcium ion from
the extracellular fluid and partly by release of
calcium ions from the sarcoplasm. These
findings lend some credence to the folkloric claim
that unripe papaya possesses antifertility
properties while deciphering the possible
mechanism of action of this extract may serve as
a focal point for development of new uterotonics
or oxytocics with minimal side effects.
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