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ABSTRACT 
 

Talinum triangulare is used by some traditional healers to manage preterm labour and prevent preterm birth. The 
effect of T. triangulare on uterine contractility is so far unknown. This study was therefore aimed at: the 
investigation of the pharmacological and physiological effect of T. triangulare leaf extract (MTT) on the isolated 
mouse uterus; investigation of possible mechanisms of activity and identification of significant metabolites 
present in the leaves. Longitudinal uterine segments from non-pregnant mice were isolated and mounted in a 
continuously aerated organ bath containing physiological salt solution and maintained at 37°C. The effect of MTT 
(0.0007 -7.777 µg/ml) on spontaneous contractions, 11.82 nM oxytocin, and 40 mM KCl was investigated. 
Additionally, MTT (3.43 mg/ml) in the presence of 95.34 nM amiodarone, 5.06 nM glibenclamide and 11.57 nM 
propranolol was investigated. High resolution mass spectrometric (HRMS) analysis was performed on MTT. MTT 
exerted a biphasic effect on spontaneous uterine contractility, with low concentrations inhibiting and high 
concentrations stimulating contraction. MTT also increased oxytocin and KCl-induced contraction. The effect on 
oxytocin was reduced in the presence of amiodarone but not glibenclamide or propranolol. HRMS identified high 
levels of oestrogenic compounds which may play a role in the activity of the plant on female reproductive health. 
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INTRODUCTION 
 

One of the problems faced by obstetricians today is 
preterm birth which is birth occurring at less than 37 
weeks gestation [1].  A large number of infants die 
annually due to preterm birth complications [2] 
which makes the need for better treatment options 
and medicinal plants are viable sources for the 
search of potential remedies. One plant used 
traditionally in the prevention of miscarriage in 
Nigeria, is the plant Talinum triangulare. T. 
triangulare. Leach is commonly known as “water 
leaf”’ vegetable in Nigeria. It is a commonly used 
vegetable in soups, stews and salads in Nigerian 
cuisine.  It has been described as an edible plant 
which falls under the cosmopolitan herbaceous 
group of plants and flowers that grow perennially. 
The roots of the plant are enlarged and it 
possesses a succulent stem which can grow up to 

30-100 cm tall [3]. T. triangulare is of the family 
Portulaceae and is well distributed in tropical parts 
of Africa such as Nigeria, Cameroon, Ghana, and in 
other regions like the south East Asia and the 
Amazon River margins [4,5].  
Interestingly, this common vegetable has been 
reported to have medicinal effects. For instance, the 
aqueous root extract has been reported to have 
anti-diarrheal effects [6], antioxidant and 
hepatoprotective effects [7], as well as antidiabetic 
effects [8]. Extracts of the stem have been reported 
to show immunomodulatory effects [9] and the 
aqueous leaf extract have also been reported to 
exhibit anti-ulcer effects [10]. Traditional healers in 
Southern Nigeria report the use of the plant to 
prevent ‘miscarriage’ (personal communication with 
traditional healer, Mr. Eyohan of Edo State Nigeria). 
The plant is prepared for use in pregnant women by 
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first washing and then soaking the leaves of the 
plant in water for a while. A small glassful 
(approximately 250 ml) of the decoction is taken 
three times a day or as needed. The leaves can be 
used either fresh or dry. The plant was also 
reported to be used by women with a history of 
miscarriage, where a small glassful is taken in the 
morning before meals (personal communication). 
Detailed search of the literature showed that no 
previous study had been done to investigate the 
effect of the plant on uterine contractility. 
  

Previous studies had however reported the 
presence of several secondary metabolites isolated 
from different parts of the plant. The secondary 
metabolite classes so far reported based on a 
preliminary phytochemical studies include alkaloids, 
flavonoids, glycosides, reducing sugars, saponins, 
proteins, carbohydrate, fats and oils, tannins, 
steroids, resins and terpenoids  [11]. Isolation of an 
acrylamide and some phaeophytins have also been 
reported [8].  
This current study is therefore aimed at evaluating 
the potential benefit of the plant in controlling 
uterine contractility which may be essential in the 
management of conditions such as preterm labour 
or dysmenorrhoea where uterine contractility is 
affected. This study utilizes an ex-vivo model in 
order to investigate the effect of an extract of the 
plant on uterine contractility. This study is also 
aimed at investigating possible mechanism(s) of 
activity associated with the effect observed as well 
as providing knowledge for further research. 
 

MATERIALS AND METHODS 
 

Plant material 
 

Fresh leaves of T. triangulare were collected in the 
month of March from Egor Local Government Area 
in Benin City, Edo state, Nigeria. The plant was 
identified by Dr. H. A. Akinnibosun from the 
Department of Plant Biology and Biotechnology, 
Faculty of Life Sciences, and by Professor B.A. 
Ayinde of the Department of Pharmacognosy, 
Faculty of Pharmacy University of Benin, Benin 
City, Nigeria.  
 
Plant extraction 
 

The leaves of the plant were carefully separated 
from the stem, while debris and contaminants were 
also removed. The fresh leaves were chopped into 
small pieces and macerated in absolute methanol 
of analytical grade. Methanol was chosen as a 
solvent for extraction due to the similarity in polarity 
to water [12] and because it is easier to evaporate 

under laboratory conditions compared to water. 
Maceration was performed for 48 h at room 
temperature of approximately 29 ± 3°C with 
continuous stirring. After 48 h, the mixture was 
decanted and filtered. The filtrate was concentrated 
using a rotary evaporator set at 60°C and 
subsequently dried in an oven set at 40°C. The 
resulting solid weighed 2.192 g resulting in a 
percentage yield of 3.1%. The dried extract was 
placed in an air-tight container and stored at 4°C till 
needed. It is important to note that the solvent was 
completely evaporated off, leaving the solid extract 
for further studies. 
 

Animals 
 

Non-pregnant female Swiss albino mice weighing 
between 24.0 - 30.0 g were obtained from the 
Animal House Department of Pharmacology and 
Toxicology, Faculty of Pharmacy, University of 
Benin, Edo state, Nigeria. They were housed in 
plastic cages at an environmentally controlled room 
temperature of approximately 28 °C ± 5 °C. The 
animals were handled as much as possible 
according to standards set by the Public Health 
Service policy on humane care and use of 
Laboratory Animals 2002. Ethical clearance was 
obtained from the animal use ethical Committee of 
the Faculty of Pharmacy, University of Benin, 
Nigeria, and reference number EC/FP/016/06. The 
animals were maintained on standard diet of animal 
pellets and clean tap water.  
 
Contractility Studies 
 

Tissue preparation 
 

Twenty four hours prior to the day of experiments, 
each mouse was orally administered 1.0 mg/kg 
diethylstilbestrol (DES) constituted in 5% Tween 80 
and distilled water (1:1) using a feeding syringe. 
This dose and route of administration had been 
previously determined in our laboratory to 
effectively induce oestrous phase of the oestrous 
cycle.  The use of DES in this study was to initiate 
conditions of labour that would otherwise have 
occurred in the pregnant mice if conditions of 
preterm labour or labour itself were initiated. It is 
well known that there is a shift in circulating 
hormones from progesterone to oestrogen prior to 
labour [13,14]. On the day of the experiment vaginal 
smears were obtained by flushing with distilled 
water using a Pasteur pipette (0.1 mm). A smear 
was made on a clean glass slide, fixed with ethanol 
and stained with a drop of Gentian violet. The 
smear was then viewed under a microscope using a 
x10 objective lens. As soon as the stage of 
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oestrous had been ascertained, the mouse was 
then humanely killed by cervical dislocation and the 
uterine horns were immediately excised and placed 
in a petri-dish containing previously warmed and 
aerated physiological salt solution (PSS) of the 
following composition in g/5 L: NaCl 45.0, NaHCO3 
2.5, D-glucose 2.5, KCl 2.1, and CaCl2·2H2O 1.32. 
The uterine tissues were cleaned of connective 
tissues and one horn was cut medially in half and 
lengths of approximately 1-2 mm each were 
obtained. The selected uterine segment was then 
mounted in a warmed 10 ml organ bath maintained 
at 37oC and containing aerated physiological salt 
solution of the composition earlier described. The 
mounted tissues were equilibrated under resting 
tension of 0.5 g for 30 min. The force and frequency 
of uterine contractions in the longitudinal muscle 
layers were measured using a 7003E-isometric 
force transducer (UgoBasile, Varise, Italy) 
connected to a 17400 data capsule digital recorder 
with an inbuilt bridge amplifier (UgoBasile, Varese, 
Italy).  
 

Drugs and chemicals 
 

All chemicals used were of analytical grade and 
were purchased from Pharmatrends (Benin City, 
Nigeria). Necessary stock solutions were prepared 
and stored in adherence to the manufacturer's 
guidelines. Other drugs were purchased as 
described, Oxytocin (OT) (Pantocyn®, Jiangsu 
Ruinian Qianjin Pharmaceutical Co. Ltd. China), 
amiodarone (TEVA UK. Ltd), glibenclamide 
(Daonil®, Swiss Pharmaceutical Nigeria, Ltd.), and 
propranolol (Sigma-Aldrich, UK). 
 

Experimental protocols 
 

All protocols were performed after equilibration and 
after regular contractions were achieved as much 
as possible. Preliminary investigations were first 
performed to determine concentrations and to 
determine appropriate or suitable duration for each 
drug concentration. Time-matched controls where 
used to also confirm the allowable duration of the 
control drugs oxytocin and KCl (Data not shown). 
Time periods therefore reported had been found 
suitable for determining drug effect under 
cumulative concentration-response evaluation 
within the conditions of this study.  
 

MTT on Spontaneous Uterine Contraction 
 

Cumulative concentrations of MTT (0.0007-7.777 
mg/ml) were added to the isolated uterine tissue 
and concentration-response relationships were 
obtained. A contact time of 3 min was allowed 
following each concentration of extract 

administered. After each set of administration, the 
tissues were washed 3 times and tissue recovery 
was monitored. Regular spontaneous contractions 
occurring 3 min before extract addition, was taken 
as 100% control.  
 

MTT on Oxytocin (OT)-induced Uterine 
Contraction 
 

On attainment of steady spontaneous contractions, 
the uterine tissues were stimulated with OT (11.82 
nM) for 5 min to obtain regular phasic contractions. 
MTT (0.0007-7.77 mg/ml) was then cumulative 
added in the continued presence of oxytocin for 3 
min per concentration. Immediately after the 
experiments, the uterine tissue was washed with 
the PSS and allowed to rest and recover. The last 3 
min of OT prior to addition of the extract was taken 
as 100% control. 
 

MTT on High KCl-induced Uterine Contractility 
 

The effect of the extract was determined in the 
presence of concentrated KCl (40 mM). This was 
done in order to determine the effect of MTT on the 
depolarized uterine tissue. KCl was added to the 
bath containing the uterine tissues for 5 min and in 
the continued presence of KCl, cumulative 
concentrations of the extract (0.034 – 343.33 
mg/ml) were added for 3 min per concentration. At 
the end of the experiment, the tissue was washed 
with PSS and allowed to recover.  The last 3 min of 
KCl prior to addition of MTT was taken as 100% 
control. 
 

MTT on OT-induced contractions in the absence 
and presence of receptor blockers 
 

In separate experiments, the effect of a submaximal 
concentration of the extract (3.43 mg/ml) on OT- 
induced contraction (11.82 nM) was determined in 
the absence and presence of amiodarone (95.34 
nM), glibenclamide (5.06 nM) and propranolol 
(11.57 nM).  After steady spontaneous contractions 
were obtained, OT was added to the tissue bath for 
5 min and in the continued presence of oxytocin, 
MTT was added and left for a further 5 min. In the 
continued presence of OT and MTT, amiodarone, 
glibenclamide or propranolol was added to the 
tissues and observed for a further 5 min. 
 
LC-HRFTMS identification of constituents in 
extract 
 

Liquid chromatography-high resolution Fourier 
Transform mass spectrometry (LC-HRFTMS) 
analysis was performed using a Dionex UltiMate-
3000 (DIONEX, Sunnyvale, CA, USA) coupled to a 
ThermoScientific Exactive Orbitrap system (Thermo 
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Fisher Scientific (Bremen) GmbH, Bremen, 
Germany). The column used was a C18 75 × 3.0 
mm column (Hichrom Ltd., Reading, UK). 
Compounds were eluted at a flow rate of 300 
μL/min using water (A) and acetonitrile (B), both of 
which contained 0.1% formic acid. The gradient 
started with 10% B and increasing to 100% B in 30 
min. The mobile phase was maintained at 100% B 
for 5 min after which the column was equilibrated 
with 10% B. The files were sliced into positive and 
negative data sets using ProteoWizard [15] prior to 
data mining using MZmine 2.10 [16]. Peak 
detection was accomplished using the centroid 
mass detector and a noise level of 1000. The 
chromatogram builder generated peak lists from the 
mass lists obtained from the previous step. The 
minimum time span was 0.2 minutes, minimum 
height was 10,000, and the m/z tolerance was set 
to 0.0001 m/z or 5 ppm. Chromatogram 
deconvolution was accomplished using the local 
minimum search algorithm with the following 
parameters: threshold (90%), search minimum in 
RT range (0.4 min), minimum relative height (5%), 
minimum absolute height (10,000), minimum ratio 
of peak top/edge (2), and peak duration range (0.2-
5.0 min). The peak lists were de-isotoped using the 
isotopic peaks grouper with an m/z tolerance of 
0.001 m/z or 5 ppm, retention time tolerance of 0.1 
minutes (absolute), and maximum charge of 2. The 
representative isotope was the most intense. The 
peak lists were then merged using the Alignment 
function. The weight for m/z and for RT was 20, and 
the RT tolerance was 5%. The aligned peak lists 
were gap-filled using the Peak Finder, with an 
intensity tolerance of 1% and RT tolerance of 0.5 
min (absolute). Adducts were identified, together 
with other complexes that may have formed. The 
chemical formulas of each peak were predicted 
using the formula prediction tool developed by 
MZmine. Hits from the database [17] were 
accessed using ChemBioFinder version 13 
(PerkinElmer Informatics, Cambridge, UK).  
 
DATA ANALYSIS 
 

The mean frequency, and amplitude were 
calculated from contractions occurring at the last 3 
minutes of the phasic contractions using the 
GraphPad Prism, (version 7.0; GraphPad software 
Inc, San Diego, CA, USA). Results were obtained 
as percentages of control applications 
(control=100%). In some experiments, changes in 
force or amplitude were expressed with respect to 
basal (resting) force level or basal agonist level 
(100%). All data shown were expressed as mean ± 

standard error (SEM) and ‘n’ represents the number 
of samples each from different animals. 
Significance was evaluated using appropriate t-
tests and where necessary, one way analysis of 
variance (one-way ANOVA) with Dunnett’s post hoc 
and P values ≤ 0.05 was taken to represent 
minimum significance in all cases. 

In datasets with sufficient data points, 
mean log concentration-response curves were 
analyzed by fitting data to a four-parameter logistic 
equation, using non-linear regression with 
GraphPad Prism 7.0 (GraphPad software, San 
Diego, CA, USA) using either of the following 
equation values (Y = Bottom)/(1+10^((LogEC50-
X)*HillSlope)). Where Y = response which starts at 
the bottom and goes to the Top in sigmoid shape, 
X= logarithm of concentration and IC50 is the 
concentration that produces half the maximal 
responses; and Span1=Plateau1-Dip; 
Span2=Plateau2-Dip; Section 1 = Span 1 (1+10^ 
((Log EC50_1-X) * nH1)); Section 2 = Span2/(1+10^ 
((X-LogEC50_2)*nH2)); Y = Dip + Section 1 + 
Section 2. Where Plateau 1 and Plateau 2 are the 
plateaus at the left and right ends of the curve, in 
the same units as Y and Dip is the plateau level in 
the middle of the curve, in same units as 
Y. LogEC50_1 and LogEC50_2 represent 
concentrations that give half-maximal stimulatory 
and inhibitory effects in the same units as X while 

nH1 and nH2 represent the slope factors. 
 
RESULTS  
 

Where necessary, an important observation was 
stated though statistical significant differences were 
not observed. This was necessary in order to 
emphasize on the importance of biologic 
significance in the absence of statistical significance 
[18–20].  
 
Effect of MTT on Spontaneous Uterine 
Contractions   
 

MTT at concentrations used in this study, was seen 
to cause a biphasic effect on spontaneous uterine 
contractions (Fig. 1A). At lower concentrations of 
0.00071, 0.0071 and 0.014 mg/ml MTT, significant 
inhibition of the amplitude of contractions were 
observed (P = 0.0453 (P < 0.05); P = 0.0055 (P < 
0.01); P = 0.0042 (P < 0.01) respectively) (Fig. 1B). 
However, higher concentrations of 0.079 -7.77 
mg/ml attenuated the inhibition (Fig. 1B). A similar 
biphasic response was observed with the frequency 
of contractions. Lower concentrations of MTT 
(0.00071 – 0.014 mg/ml) inhibited frequency of 
spontaneous contractions while higher 
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concentrations overcame the inhibition produced by 
the lower concentrations (Fig. 1C). The EC50 of 
MTT was determined for the amplitude of 
contraction to be 0.00021 ± 0.66 mg/ml for the 
inhibitory phase and 0.063 ± 0.45 mg/ml for the 
stimulatory phase. The EC50 of MTT was also 
determined for the frequency of contraction and 
found to be 0.00047 ± 1.04 mg/ml for the inhibitory 

phase and 0.26 ± 0.60 mg/ml for the stimulatory 
phase. It is important to note at this point that 
though no statistical significant difference was 
observed at the attenuation of the inhibition 
produced by the lower concentration by higher MTT 
concentrations, we indicated nonetheless that there 
was an increase in contraction at those higher 
concentrations.   

 

 
 
Figure 1. The response of spontaneous uterine contractility to MTT. The top panel shows an original recording 
of MTT on spontaneous uterine contraction (A). Concentration-response curves showing the effect of the extract on the 
amplitude of spontaneous uterine contractions (B) and the frequency of contractions (C) are shown. n = 5 animals *p< 0.05; 
**p < 0.01 compared to control.  

Figure 2. The response of OT-induced uterine contractility to MTT. The top panel shows an original recording of 
MTT on OT-induced uterine contraction (A). Bar plots showing the amplitude response of OT in the presence of MTT are 
displayed in panel B. Bar plots showing the frequency response of OT in the presence of MTT are displayed in panel C.  An 
increase in amplitude of up to 48% was observed while an opposing decrease in frequency was observed. n = 5 animals; ns 
= not significant.  
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Figure 3. The response of KCl (40 mM) to different concentrations of MTT. Original recording showing the 
effect of MTT (0.34 – 343.33 µg/ml) on KCl-induced uterine contractions is shown in panel A. Bar plots showing  a gradual 
increase in the amplitude of KCl to MTT is displayed in panel B. n = 5 animals.  

 

Figure 4. The response of OT-induced contractions in the presence of MTT and amiodarone (95.34 nM). 
Original recordings of the effect of OT in the absence and presence of MTT (3.43 mg/ml) and then amiodarone is shown in 
panel A. Bar plots showing the amplitude (A) and frequency (B) of OT-induced response in the presence of MTT and then 
amiodarone are shown. The effect of MTT was attenuated in the presence of amiodarone. n = 5 animals.  

 

Table 1: Putatively Identified Compounds in MTT 
 

 Compound Name Molecular 
formula 

Molecular 
weight 
(g/mol) 

m/z Rt (min) 

1 2-Acetyl-6-ethyl-3-hydroxypyridine C9H11NO2 165.0792 [M+1]+166.0865 2.53 
2 Citric acid C6H8O7 192.0273 [M-1]- 191.0200 1.24 
3 1-O-Caffeoylquinic acid  C16H18O8 338.0999 [M-1]- 337.0926 4.84 
4 9,13-Dihydroxy-10-oxo-11-octadecenoic acid C19H34O5 342.2399 [M-1]- 341.2326 13.45 
5 17-Hydroxyingenol C34H40O9 592.2689 [M+1]+593.2763 29.33 
6 Phaeophorbide a C36H38N4O5 606.2848 [M-1]+ 607.2621 32.14 
7 Phosphatidylcholine C44H76NO8P 777.5301 [M+1]+778.5374 26.62 
8 Glycerol 1,3-didocosanoate 2-ferulate C57H100O8 912.7403 [M+1]+913.7476 36.84 

m/z = mass to charge ratio; Rt = retention time 
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Table 2: Unidentified Compounds Detected in MTT 
 

 Predicted 
formulae 

Molecular weight 
(g/mol) 

m/z Rt (min) 

1 C9H6N6O2 230.0556 [M-1]- 229.0483 1.18 

2 C18H32O5 328.2244 [M-1]- 327.2171 11.09 

3 C27H30O15 

 
593.1511 [M+1]+594.1584 6.09 

4 C56H92N6O5 

C51H92N8O7 

 

928.7093 [M+1]+929.7165 37.33 

 m/z = mass to charge ratio; - = unknown; Rt = retemtion time 

 
Effect of MTT on Oxytocin-induced Uterine 
Contractions 
 

The effect of MTT in the presence of an agonist, 
oxytocin (OT) was investigated. MTT appeared to 
increase the force but decrease the frequency of 
OT-induced uterine contractions (Fig. 2A). A plot of 
the amplitude response to the concentration of MTT 
showed a gradual increase in the force of 
contraction (Fig. 2B) while a plot of the frequency 
response to the concentration of MTT showed a 
gradual decrease (Fig. 2C). 
 
Effect of MTT on KCl-induced Uterine 
Contractions 
 

MTT displayed a gradual increase in the 
contractility induced by KCl (40 mM) (Fig. 3) which 
was attenuated when the tissue was washed (Fig. 
3). 
 

Effect of MTT on Oxytocin-induced Contraction 
in the Presence of Amiodarone, Glibenclamide 
and Propranolol 
 

The stimulatory effect of MTT (3.43 mg/ml) on the 
amplitude of OT-induced contractions were slightly 
inhibited in the presence of amiodarone (Fig. 4). A 
decrease in both the amplitude (Fig. 4B) and 
frequency (Fig. 4C) were observed in the presence 
of amiodarone (95.34 nM).  
 
However, glibenclamide (GBL) and propranolol 
(PPL) did not appear to have an effect on the MTT 
augmented increase of OT-induced contractions 

(Fig. 5A and 6A). This was also evident in the 
concentration-response column plots of both the 
amplitude (Fig. 5B and 6B) and the frequency (Fig. 
5C and 6C).  
  

Identified secondary metabolites in MTT 
 

The LC-HRFTMS results and database search 
(using Dictionary of Natural Products) enabled the 
detection of twelve (12) significant compounds 
(Tables 1 and 2), four of which were unidentified 
(Table 2). The identified compounds include, 2-
Acetyl-6-ethyl-3-hydroxypyridine (1), citric acid (2), 
1-O-Caffeoylquinic acid (3), 9,13-Dihydroxy-10-oxo-
11-octadecenoic acid (4),   17-Hydroxyingenol (5),  
phaeophorbide a (6), phosphatidylcholine (7) and 
glycerol 1,3-didocosanoate 2-ferulate (8). (Fig. 7) 
 
 

DISCUSSION 
 

The extract of T. triangulare (MTT) was observed in 
this study to exhibit a biphasic effect on 
spontaneous uterine contractions. To the best of 
our knowledge this is the first report on T. 
triangulare on uterine contractility. The biphasic 
effect observed showed inhibition at lower 
concentrations and as the concentration increased, 
the inhibition was attenuated and stimulation of 
contractility occurred as seen in this study. While no 
concrete investigations were done to adduce 
reasons for the biphasic effect observed, certain 
hypotheses can be drawn from the outcome of this 
study which can provide a basis for further 
investigation.  
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Figure 5. The response of OT-induced contractions in the presence of MTT and glibenclamide (5.06 nM). 
Original recordings of the effect of OT in the absence and presence of MTT (3.43 mg/ml) and then glibenclamide is shown in 
panel A. Bar plots showing the amplitude (A) and frequency (B) of OT-induced response in the presence of MTT and then 
glibenclamide are shown. In the presence of glibenclamide, the OT-response to MTT was unaffected. n = 5 animals. 

 

 
 
Figure 6. The response of OT-induced contractions in the presence of MTT and propranolol (11.57 nM). 
Original recordings of the effect of OT in the absence and presence of MTT (3.43 mg/ml) and then amiodarone is shown in 
panel A. Bar plots showing the amplitude (A) and frequency (B) of OT-induced response in the presence of MTT and then 

propranolol (PPL) are shown.  In the presence of propranolol, the OT-response to MTT was unaffected. n = 5 animals. 
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Figure  7.  Chemical structures of putatively identified compounds detected after LC-HRFTMS analysis. 

One possible cause attributable to this biphasic 
effect is the existence of different receptors or 
substrates to MTT which generates opposing cell-
signaling pathways, or which generates a condition 
of activity-dependence [21] in response to MTT. 
Some studies where in vitro biphasic activity was 
investigated in detail, reported the existence of 
separate receptor populations within the same 
tissue but with different sensitivity to the drug being 
investigated [21]. This observation can therefore 
lead to the differential participation of the inhibitory 
and stimulatory G-proteins where Gi is activated at 
low concentrations of MTT and Gs is activated at 
higher concentrations of MTT [22]. This biphasic 
effect may also result from distinct anatomical 
presence of same receptors within the same tissue 
which where this occurs would lead to differential 
responses based on the G-protein network existing 
in the particular anatomical area and also 
depending on the magnitude of concentration 
required for their activation in the separate areas 
[21]. 
 

 Therefore under specific conditions one would 
expect adenylate cyclase activation at some point 
and at another a phospholipase C activation. 
Biphasic drugs are beginning to gain considerable 
attention in clinical pharmacology and have been 
shown to play significant roles in certain pathologies 
including pain [23].  

With regards to effect on agonist stimulation, MTT 
was observed to increase the force and frequency 
of OT-induced uterine contraction. OT is one of the 
longest known drugs to induce myometrial 
stimulation and has played a role in parturition 
through the years. The classical action of 
myometrial stimulation by OT involves 
phospholipase C activation with release of inositol 
triphosphate and diacylglycerol leading to a 
subsequent release of Ca2+ [24]. It is therefore 
possible that MTT augments the Ca2+-releasing 
mechanisms of OT. This was further supported by 
the potentiation by MTT of KCl-induced tonic 
uterine contraction.  Concentrated solutions of KCl 
have been proposed to stimulate tonic contractions 
of smooth muscles through depolarization and 
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opening of L-type Ca2+ channels, the total effect of 
these activities results in an increase in intracellular 
Ca2+ concentration [25]. Concentrated solutions of 
KCl have also been recently reported to activate 
RhoA kinase (ROCK) in the myometrium [26]. The 
effect on KCl therefore suggests partial 
augmentation of L-type Ca2+ channels as well as 
possible activation of ROCK in the uterine smooth 
muscle. 
An attempt to investigate involvement of MTT with 
potassium channels and other receptors showed 
that in the presence of amiodarone, the stimulatory 
effect of MTT on OT was attenuated. Amiodarone is 
known to inhibit the human Ether-à-go-go-Related 
Gene (hERG)-encoded potassium channels as its 
primary activity [27,28] leading to repolarization and 
inhibition of contractility. This therefore suggests an 
additional inhibitory interaction of MTT on hERG 
potassium channels which may also play a role in 
the stimulatory effect of MTT. Glibenclamide which 
is known to inhibit adenosine triphosphate-sensitive 
K+ channels (KATP) [29] did not alter the effect of 
MTT on OT-induced contractions. Similarly 
propranolol, a β-adrenergic receptor agonist which 
inhibits uterine contractility via activation of KATP 
channels [30], did not alter the stimulatory effect of 
MTT on OT-induced uterine contractility. Taken 
together, it would seem that MTT preferentially 
affects specific subtypes of potassium channels in 
the myometrium.  The potassium ion channels are 
among the ion channels that play major roles in 
myometrial activity as they are central to the 
regulation of the ion permeability across the 
myometrial membrane [31]. Opening of these 
channels as occurs with amiodarone causes an 
outward flow of K+ and subsequently a reduction in 
excitability and contractility [32]. There are different 
types of K+ channels among them are the KATP 
channels and the hERG channels. These channels 
differ in their molecular structure due to different 
expressions of the rectifying potassium families 
[33]. These differences create distinct 
pharmacological responses and sensitivities [33]. 
While the hERG channels reduce the outward flow 
of potassium during repolarization [34], KATP 
channels increase the outward flow of K+ [31]. 
These effects might explain the differences in the 
effect of amiodarone and glibenclamide on the 
activity of MTT and also provide a knowledge-
based hypothesis for further investigations on MTT. 
It is also important to note that though amiodarone 
has additional ion-channel blocking effects as well 
as inhibition of the β-adrenergic receptor [35,36], 
the inability of propranolol to abolish the stimulatory 

effect of MTT, knocks off the possible involvement 
of β-adrenergic activity. 
 
High resolution mass spectrometric analysis of MTT 
revealed the presence of 12 compounds 
significantly present in MTT. Of these twelve, 8 of 
them were successfully identified while 4 remain 
unknown and may suggest novel compounds which 
further purification, spectrometric and spectroscopic 
analysis may assist in their characterization and 
elucidation. Importantly, the compounds identified 
were highly polar which is not surprising judging by 
the high water content of the leaves of T. 
triangulare [37]. The following classes of secondary 
metabolites were found: alkaloids, aliphatic acyclic 
compounds, cyclic alcohols, lipids, steroids and 
polyketides. A closer look at the pharmacological 
effects reported so far for the identified compounds 
are briefly described. Hydroxypyridine has been 
reported to reduce inflammation of the uterus [38]. 
However, vitamin B6  a hydroxypyridine derivative 
[39] has been reported to have insignificant effect 
on preterm birth [40] and instead may increase the 
risk of preterm birth [41]. On the other hand, 
nifedipine also a hydroxypyridine derivative [42] is a 
well-known calcium-channel blocker used as a 
tocolytic remedy [43]. Based on this seeming 
conflicting reports, further investigation is therefore 
required into the role of 17-hydroxypyridine in MTT 
on uterine contractility. Citric acid was also 
identified in MTT but there appears to be no report 
on the effect of citric acid on uterine contractility. 
Studies are therefore required to investigate the 
potential benefits that may be associated with citric 
acid on female reproductive health. Nonetheless, 
citric acid has been identified as a lactogenesis 
marker after preterm delivery [44], in addition citric 
acid has been reported to exert significant 
antimicrobial activity [45] and may thus influence 
infection-induced preterm birth. Caffeoylquinic acid 
another compound identified in MTT has been 
reported to inhibit angiotensin-converting enzyme 
[46]. Other studies report anti-inflammatory effects 
of caffeoylquinic acid [47,48]. Angiotensin I has 
been reported to be a potent constrictor of uterine 
arteries [49] while angiotensin II has been reported 
to induce uterine contraction [50]. Taken together, 
inhibition of angiotensin converting enzyme by 
caffeoylquinic acid may promote uterine stimulation 
and may explain in part the effect of MTT observed 
in this study. The presence of hydroxyingenol and 
ferulic acid derivative in MTT suggests that the 
plant may be high in phytoestrogens. Ferulic acid 
has been reported to inhibit uterine contraction by 
acting on the oxytocin-receptor system [51], 
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similarly terpenoids such as hydroxyingenol  has 
been reported to inhibit uterine contractions [52]. 
Phaeophorbide a was also identified in MTT and 
emerging roles of chlorophyll derivatives on uterine 
contractility are being mapped out. Phaeophorbide 
a from F. exasperata was earlier reported to 
decrease the amplitude of uterine contraction [53] 
and lipids such as octadecenoic acid also detected 
in MTT have been reported to inhibit uterine 
contractility [53]. The interaction of these different 
metabolites may also explain the dual effect of MTT 
observed on uterine contractility. 
In conclusion, novel data has been reported in this 
study showing the leaves of Talinum triangulare to 
exert a biphasic effect on spontaneous uterine 
contraction. An effect that may be a reflection of 
varying receptor activities or a result of the varying 
constituents present in the leaves.  It was also 
shown in this study that the plant may have 
selective effect on specific potassium channels in 
the myometrium which may also contribute to its 
effect. The use of the plant as a tocolytic may 
therefore depend on the concentration ingested and 
care must therefore be taken on consumption. This 
study also identified some phytochemical 
constituents which may play roles in the regulation 
of uterine contractility. Further studies are therefore 
required to investigate direct effects of these 
constituents on uterine contractility in order to 
promote the use of this plant as a sustainable and 
cheap alternative in the management of female 
reproductive health issues. It is also important to 
resolve the exact doses at which inhibition and/or 
stimulation occurs. 
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