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ARTICLE INFO ABSTRACT

Green tea is widely known for its beneficial biologic effect and there have been some reports on
the beneficial effect on the reproductive system. There have however been no reports on green tea
effects on uterine contractility. This study is therefore aimed at the investigation of green tea
extract on the amplitude and frequency of uterine contractility.

Green tea bags were macerated in boiling water for 5 min and concentrated to dryness. The extract
(0.33 -1333.21 pg/mL) was tested on the isolated mouse uterus. The contractility parameters
investigated included spontaneous contraction, oxytocin (60 pg/mL) induced contraction and high
KCI (80 mM)-induced contraction. High resolution mass spectrometric (HRMS) determination of
secondary metabolites was also performed on the extract.

The extract inhibited both the amplitude and frequency of uterine contractility studied, however
minimal inhibitory effect was observed with KCl-induced contraction. The HRMS analysis
revealed the presence of twenty-five (25) significant compounds, 23 of which were identified and
2 were unknown. Compounds were observed to belong to a diverse range of phytochemical classes
including pteridine, flavonoids, cyclitols, and coumarins, with the majority of detected compounds
belonging to the flavonoid class.

The results obtained in this study have shown that green tea extract inhibits uterine contractility
possibly due to the presence of the flavonoids, and through interaction with calcium and/or
prostaglandins.
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extract administration.’?> Though there have also been some contrary
reports. For instance, Chandra and colleagues reported a significant
decrease in epididymal sperm number, serum testosterone level in a
dose-dependent manner and testicular steroidogenic enzyme activities
in green tea extract -administered group of animals after 26 days.'®
Green tea extract has also been reported to improve oestradiol valerate-
induced polycystic ovarian syndrome in rat, which is a major cause of
infertility. In one study, green tea was observed to regulate
gonadotropin levels, reduce insulin resistance and body weights as well
as improve the ovarian morphology.'#*® Similarly, a study reported the
improvement of leiomyoma prognosis.'® There has however been no
study showing the effect of green tea on uterine contractility despite

Introduction

Green tea is obtained from the tea plant Camellia sinensis
Var. sinensis of the family Theaceae and is cultivated in several
countries around the world.2 Tea has been reported to contain over
4000 active metabolites and a third of this number are polyphenols.® Of
the polyphenols, the flavonoid family of compounds constitutes the
basic phenolic compounds in green tea which also contribute to the
antioxidant activity exhibited by green tea.* Green tea has been reported
to exhibit cancer prevention,® antioxidant activity,® antimutagenic,” and
enzyme inhibition®® activities. Beneficial effects of green tea on the
reproductive system are also emerging. Traditional cultures worldwide

depend on herbal remedies for different conditions in pregnancy, birth
and post-partum care.’® This therefore makes documentation of
traditional knowledge of herbal remedies and scientific investigation
relevant as it assists chemists and pharmacologists with starting points
for “targeted” analysis, discovery of novel therapies and natural drugs
for the treatment of pregnancy and related issues.!* Green tea extract
has been reported to significantly improve sperm motility,
concentration and sperm membrane integrity after 28 days of green tea
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reports on male reproductive parameters. The uterus provides the
protective environment for the developing fetus and then at term with
the onset of labour, it contracts rhythmically to expel the fetus and
placenta.'” This, therefore, supports the study into uterine contractility
as a female reproductive parameter that can be targeted for therapeutic
interventions that can increase the quality of life for females and reduce
complications of labour in the pregnant female.

In the search for potential targets and therapies in managing
dysfunctions of uterine contractility, this study was therefore designed
to investigate the activity of green tea extract on uterine contractility
and to also investigate possible mechanisms of action. This study is also
aimed at identifying significant secondary metabolites present in green
tea that may have contributed to the biological activities observed.

Materials and Methods

Green tea extraction
Green tea bags (375 g) of the Lipton brand® (Unilever, USA) were
obtained from a local supermarket in Benin City, Nigeria. The threads
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of the bags were trimmed off and the bags were macerated in distilled
water (6 L) and heated at 100°C for 5 min in order to mimic the method
used for tea steeping prior to consumption. After 5 min heating, the
mixture was allowed to cool and was decanted and sieved. The fluid tea
extract was then concentrated by placing on a water bath set at 80 °C.
The concentrate obtained was dried in an oven set at 40°C and the
extract weight was determined to be 122.3 g (percentage yield was
32.62% wi/v). The extract was then stored in the refrigerator (= 4°C) till
needed.

Animals

Mature non-pregnant female albino mice weighing between 20-30 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 27 + 5°C and lighting
conditions. Ethical consent was obtained prior to the start of the
experiments from the Faculty of Pharmacy Ethics Committee,
University of Benin, Nigeria (EC/FP/016/04). The animals were
handled as much as possible according to standards of the Public Health
Service policy on humane care and use of Laboratory Animals.!8° The
animals were maintained on a standard diet of animal pellets and clean
tap water.

Contractility studies

Tissue preparation

Each mouse was administered 1.0 mg/kg diethylstilbestrol (DES) orally
constituted in Tween 80 and distilled water (1:1), 24 h prior to the day
of experiments. Dose and route of DES administration had been
previously determined in our laboratory to effectively induce estrous?.
On the day of the experiment, vaginal smears were obtained with the
aid of a Pasteur pipette (0.1 mm), fixed with ethanol and stained with a
drop of Gentian violet. The smears were then observed under a
microscope using a X10 objective lens in order to ascertain the oestrous
stage Animals in proestrus and oestrous stages were selected and
humanely killed by cervical dislocation and the uterine horns were
immediately excised and immediately placed into a petri dish
containing previously warmed and aerated De Jalon’s physiological salt
solution (composition in M: NaCl 154.00, NaHCO3s 5.95, D-glucose
2.78, KCI 5.63, and CaCl2-2H-0 2.05). The uterine tissues were cleaned
of connective tissues and one horn dissected in half to obtain a segment
of the uterine horn. Tissue lengths of approximately 1-2 mm each was
obtained. The uterine segment was then mounted in a warmed 10 mL
organ bath maintained at 37°C and containing an aerated physiological
salt solution.

Experimental protocol

The uterine tissues were mounted in organ baths and equilibrated under
resting tensions of 4.90 mN for 30-45 min or till regular contractions
were obtained. The force and frequency of uterine contractions in the
longitudinal muscle layers were measured using a 7003E-isometric
force transducer (Ugo Basile, Varese, Italy) connected to a 17400 data
capsule digital recorder with an inbuilt bridge amplifier (Ugo Basile,
Varese, Italy).

Experiment on the effect of extract on spontaneous uterine contraction
The direct effect of cumulative concentrations of the extracts on uterine
smooth muscle contractility was investigated. Concentration-response
relationships were obtained using concentrations between (0.33 -
1333.21 pg/mL). 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 a wash-out period of 10 min was
allowed before the next administration.

Experiment on the effect of extract on oxytocin-induced uterine
contraction

The effect of the extract on oxytocin-induced uterine contraction was
investigated.?® Cumulative concentrations of the extract were tested in
the presence of 60.0 pg/mL oxytocin. A contact time of 5 min was
allowed after oxytocin administration before cumulative concentrations
of the extract were added and a contact time of 3 min was allowed
following each administration.
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Experiment on the effect on high potassium chloride-induced uterine
contractility

The effect of the extract was determined in the presence of high
potassium chloride (KCI) (80 mM).?° KCI (80 mM) was added to the
bath containing the uterine tissues and left in contact for 5 min and
without washing, the effects of cumulative concentrations of the extract
(0.014 — 16.32 pg/mL) were determined.

LC-HRFTMS identification of constituents in extract

Liquid chromatography-high resolution Fourier Transform mass
spectrometry (LC-HRFTMS) analysis was performed on a Dionex
UltiMate-3000 (DIONEX, Sunnyvale, CA, USA) coupled to a
ThermoScientific Exactive Orbitrap system (Thermo Fisher Scientific
(Bremen) GmbH, Bremen, Germany). An ACE column C18 75 x 3.0
mm column from Hichrom Ltd., Reading, UK was used. Parameters
used were as previously described 2. Briefly, elution flow rate was set
at 300 pL/min with water (A) and acetonitrile (B), both of which
contained 0.1% formic acid. A gradient flow starting with 10% B and
increasing to 100% B, in 30 min was used. The mobile phase was
maintained for 5 min at 100% B, followed by equilibration of the
column with 10% B. The resulting data files were sliced into positive
and negative datasets using ProteoWizard ? prior to data mining which
was done with the use of MZmine 2.10 2. Peak detection was
accomplished using the centroid mass detector and a noise level of 1000
was set. The chromatogram builder generated peak lists from the mass
lists obtained from the previous step. The minimum time span was 0.2
min, 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 a 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 retention time (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) 24, Adducts were identified, together
with other complexes that may have formed. The chemical formulae of
the peaks were predicted using the formula prediction tool developed
by MZmine. ChemBioFinder version 13 (PerkinElmer Informatics,
Cambridge, UK) was used to access hits from the database.

Data analysis

The mean frequency and amplitude were computed from contractions
occurring at the last 3 min of the phasic contractions using the GraphPad
Prism, (version 7.03; GraphPad software Inc, San Diego, CA, USA).
Results were obtained as percentages of control applications
(control=100%) where necessary and changes in force (amplitude) or
frequency were expressed with respect to control (100%). All data
shown were expressed as mean + standard error of mean (SEM) and ‘n’
represents the number of animals. Significance was evaluated using
appropriate t-tests, and where necessary, one-way analysis of variance
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 variable slope logistic
equation, using the following equation values Y = Bottom + (Top-
Bottom)/(1+107((LoglC50-X)*HillSlope)). Where Y = response which
starts at the bottom and goes to the Top in sigmoid shape, X= logarithm
of concentration and ICso is the concentration that gives a response half
way between Bottom and Top.

Results and Discussion

Effect of green tea extract on spontaneous uterine contraction

The green tea extract, at concentrations used in this study, was observed
to have an inhibitory effect on spontaneous uterine contraction at high
concentrations (Figure 1A). An increase in tension of the uterus was
observed at 13.22 pg/mL which was followed by decreases in
contractility with subsequent increased concentrations (Figure 1A). The
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inhibitory effect was not pronounced on the amplitude (Figure 1B) but
rather on the frequency of contractions (B). The ECso of green tea was
calculated for the frequency as 88.88 + 0.35 ng/mL.

Effect of green tea extract on oxytocin-induced uterine contractions
The effect of green tea extract in the presence of an agonist, oxytocin
(OT) was investigated (Figure 2A). Green tea had minimal effect on the
amplitude though a slight inhibition was observed at higher
concentrations of 133.21 and 1333.22 pg/mL (Figure 2B). However, a
significant decrease (P < 0.001) in the frequency of OT-induced uterine
contractions in the presence of green tea was observed which was also
more pronounced at higher concentrations of 133.21 and 1333.22
pg/mL (Figure 2C).

Effect of green tea extract on high KCl-induced uterine contractions
The effect of green tea extract in the presence of high KCl-induced
uterine contraction was investigated (Figure. 3A). Green tea inhibited
KCl-induced contraction though non-significantly (Figure 3B).
Inhibitions were observed at concentrations of 13.22, 133.21 and
1333.22 pg/mL (Figure 2B).

Identified secondary metabolites in Green tea

The LC-HRFTMS results and database search (using Dictionary of
Natural Products) enabled the detection of 25 significant compounds
(Tables 1 and 2), 23 of which were identified (Table 1) while two
compounds were unknowns (Table 2). The identified compounds were
observed to belong to a diverse range of phytochemical classes
including pteridine, flavonoids, cyclitols, and coumarins, with the
majority of detected compounds belonging to the flavonoid class (Table
1) and ionizing in the negative mode (Figure 4). The peak at 14.52
detected in the positive mode was identified as a plasticizer, which was
considered to be an artefact.

Green tea extract produced inhibitions of uterine contractility on the
contractility parameters investigated in this study which included the
amplitude and frequency of uterine contractions.

The smooth muscle layer of the uterus is constantly contracting all
through the life of females and not limited to labour and/or delivery
times. Contractility of the uterus takes place during the menstrual cycle
in non-pregnant uterus (which may lead to dysmenorrhoea) and also
during pregnancy particularly at term all of which occurs via a complex
yet dynamic physiological phenomenon? supporting the study on non-
pregnant uterus in this study. Dysfunction of the uterine smooth muscle
often affects contractions leading to abortions or preterm delivery, in
some cases these contractions are quite strong and lead to foetal distress,
hypoxia and often death.?>?® For the non-pregnant uterus (which was
utilized in this study), contractions occur at different phases of the
menstrual cycle; and are often referred to as spontaneous contractions.
Focal and sporadic bulging of the myometrium,?”?® which causes
sustained contractions as observed with high KCI in this study also
occurs. These uterine contractions are necessary for endometrial
sloughing ?° and also supports passage of sperm . Similar mechanisms
of uterine contractility occur in late-term pregnancy with variations in
the degree, as it does in the non-pregnant uterus, to systematically
ensure successful expulsion of the foetus.® This then implies that
regardless of the presence or absence of pregnancy, uterine contractions
are dependent on the contractile activity of the cellular elements, the
uterine myocytes. The uterine myocytes are uterine smooth muscle cells
which exhibit phasic pattern of contractility in a manner to maintain the
resting tone. The resting tone is usually superimposed by intermittent
sets of contractions with fluctuating frequency, amplitude and duration.
Intracellular calcium concentration ([Ca?*]i) largely regulates this
contractility 528 also referred to as spontaneous contractions. Green tea
was observed in this study to inhibit these spontaneous uterine
contractions at high concentrations which suggests an inhibition of the
force and frequency of myocyte activity through [Ca?*]i inhibition. An
increase in [Ca?!]i activates calcium ion (Ca?*)-dependent cytosolic
protein, calmodulin (CalM).3* A Ca?*-CalM complex is formed which
activates an enzyme, myosin light chain kinase (MLCK) causing an
increase in myosin regulatory light chain-20 (MLC20) phosphorylation
of and subsequent cross-bridge cycling.®? Phosphorylation of MLC20
by MLCK is the principal determinant of the amplitude and duration of
uterine contraction.®*3* The inhibitory effect of green tea was more
evident with the frequency than the amplitude which may be attributed
to a minimal effect of green tea on MLC20 phosphorylation. MLCK
activation by CalM is considered a rate-limiting step of contraction 3
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and contributes to the contraction frequency of uterine smooth muscles.
It would, therefore, appear that green tea may exert greater activity on
MLCK activation and possibly a lesser effect on prevention of MLC20
phosphorylation which affects the electrical activity within the uterus
and may explain the differences in effect of green tea on the frequency
and amplitude of uterine contraction.

Green tea was also examined on OT-induced uterine contraction.
Oxytocin is largely known to contract the uterine smooth muscle.®®
Calcium release and entry from the sarcoplasmic reticulum (SR) is
augmented by OT. This is achieved by coupling of OT to its receptor
which activates phospholipase-Cg, leading to the hydrolysis of
phosphatidylinositol  bisphosphate  (PIP2) to release inositol
triphosphate (IPs) and diacylglycerol (DAG).% Intracellular calcium
from the SR is activated by IPs causing more opening of extracellular
calcium channels. DAG proceeds to activate protein kinase C¢ all
culminating in powerful uterine contractions. The observed effect of
green tea on oxytocin in this study supports the developing hypothesis
that green tea may be involved in the prevention of MLCK activation.
Interaction of green tea with IPs and DAG is also hypothesized.
KCl-rich solutions depolarize the cellular membrane of muscles
resulting in contraction.®” Potassium-rich solutions alter the distribution
of ions on myocyte membrane, activating an action potential which
results in membrane depolarization and a markedly increased Ca®
entry, with eventual contraction.®® These activities lead to a ‘complex
action potential’ consisting of an initial spike-like depolarization
followed by a sustained depolarization plateau and also involves strong
conduction of Ca?* ¥ through voltage-operated calcium channels
(VOCs), particularly the L-type calcium channel.*® Propagation of the
action potentials through the uterine smooth muscle is coordinated by
gap junctions within the myocytes prompting contraction synchronicity
at the whole organ level.®4° Several calcium channel blockers inhibits
this mechanical response to high K* via blockade of the L-type
channels.*! This therefore suggests a mild interaction of green tea with
VOCs which would have been responsible for the mild inhibition of
KCl-induced contractions by green tea observed in this study.

Several compounds were identified in green tea belonging to general
classes of pteridines, cyclitols, flavonoids and coumarins. Some
reported biological effects of some of the identified compounds are
briefly discussed here in order to extrapolate possible relationship with
the activity of green tea in this study. Pteridinedione belongs to the
family of pteridines xanthopterin and are products of
tetrahydrobiopterin degradation, a coenzyme utilized by aryl amino
acid hydroxylases, glyceryl ether monooxidase and nitric oxide (NO)
synthases.“? Pteridines have been reported to exhibit cytotoxic effects
on a number of cancer cell lines.*>* Pteridines have also been reported
to inhibit NO production.*® The reported inhibition of NO production
may contribute to the increased tension observed at lower
concentrations of green tea in this study. In the presence of heat, HMF
can be produced from sugars in plants which can then be enzymatically
broken down to produce FCDA.* This is a probable explanation for the
detection of FCDA in green tea in this study. The biologic effect of
FCDA is yet unknown and further studies are required to determine the
effect of FCDA on uterine contractility. Hexahydroxyflavan and
epicatechin are tannin flavonoids “*>commonly found in tea and are
members of the class of compounds known as catechins.*® Catechins
are  monomers of flavan-3-ol.4”  Specifically, 3,3'4,4'5,7-
Hexahydroxyflavan is an epigallocatechin (ECG).*” Flavonoids are
considered the main biologically active constituents of green tea®.
Flavonoids are reported to inhibit activity of prostaglandins and NO“8:49,
Some flavonoids have been reported to inhibit lipoxygenase!” and NO
synthase® therefore preventing smooth muscle relaxation (stimulating
contraction). Flavonoids are also potent inhibitors of cyclic adenosine
monophosphate phosphodiesterase and calcium dependent adenosine
triphosphatase®® which prevents relaxation (stimulates contraction).
However some flavonoids, inhibit cyclooxygenase enzyme 52 which can
cause relaxation of muscles (inhibition). Catechins are also known to
increase the level of hydrogen peroxide®® which is involved in several
downstream signalling effect® including inhibition of uterine smooth
muscle contraction.> Though catechins elevate cytosolic calcium, ECG
is not known to do so0® which may also explain the inhibitory effect
seen in this study. Further investigations on the role of ECG from green
tea on uterine contractility are however suggested. In the same vein,
kaempferol flavonoid which was also detected in green tea has been
reported to increase CAMP production leading to inhibition of uterine
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Table 1: Putatively Identified Compounds in Green Tea.

Molecular Molecular weight
SIN Compound name formula (g/mol) miz Rt (min)
1. 2,4(1H,3H)-Pteridinedione CgHsN4O2 192.0650 [M-H] 191.0577 1.07
2. Quinic acid C7H1206 192.0635 [M-H] 191.0562 1.19
3. 2,4-Furandicarboxylic acid C7H60s 170.0217 [M-H] 169.0144 1.30
4. Epicatechin C15H1406 290.0787 [M-H] 289.0714 2.06
5. Quinic acid; (-)-form, 3-0-(3,4,5- C14H16010 344.0741 [M-H] 343.0668 2.15
Trihydroxybenzoyl)
6. 1,7-Di-O-galloyl-D-sedoheptulose C21H22015 514.0959 [M-H] 513.0880 2.24
7. 3-0O-Galloylquinic acid C14H16010 344.0743 [M-H] 343.0669
2.85
8. 1,2-Digalloylglucose C20H20014 484.0853 [M-H] 483.0767 3.49
9. 3,3',4' 5,5, 7-Hexahydroxyflavan; (2R,3S)-form CisH1407 306.0732 [M-H]-305.0660 3.70
10. 1-O-Caffeoyl-4-deoxyquinic acid C16H180s 338.1002 [M-H]- 337.0923 3.85
11. Luteolin- 3'-O-(3-O-Acetyl-B-D- C23H20013 504.0904 [M-H] 503.0816 4.83
glucuronopyranoside)
12. 3-O-Galloylepigallocatechin C22H18011 458.0847 [M+H]* 459.0920 4.85
13. 3-O-Galloylepigallocatechin C22H18011 458.0849 [M-H] 457.0766 5.07
14. Myricetin 3-glucoside C21H20013 480.0904 [M-H]- 479.0823 5.25
15. Kaempferol 3-diglycosides; 3-O-[B-D- C27H30016 610.1535 [M-H]- 609.1462 5.58
Galactopyranosyl-(1—2)-B-D-glucopyranoside]
16. 8-C-Glucosylapigenin C21H20010 432.1056 [M-H] 431.0981 5.61
17. Isotrifolin C21H20012 464.0954 [M-H]- 463.0879 5.97
18. 3,3',4',5,7-Pentahydroxyflavan C22H18010 442.0900 [M-H]- 441.0827 6.10
19. 3'-Galloylcatechin C22H18010 442.0900 [M-H] 441.0822 6.52
20. Kaempferol 7-glucoside Ca1H20011 448.1006 [M-H] 447.0929 6.98
21 Dihydroxyflavone Ci5H1004 254.0579 [M+H]*255.0649 1171
22. Dinonyl phthalate C26H4204 418.3083 [M+H]*419.3156 14.52
(plasticizer, artefact)
23. 6'-0-Angeloy marmin Ca24H3006 414.2042 [M+H]*415.2114 17.05

Table 2: Unidentified Compounds in Green Tea Extract.

Predicted Double bond Molecular weight

Molecular formula equivalence (g/mol) m/z Rt (min)
24, CasH2402 240 476.1776 [M+H]*477.1867 3.87
25, Caz3H14N2010 18.0 478.0664 [M-H] 477.0591 6.13

Double bond equivalence (DBE) indicates number of rings and double bonds in the structure where 1 ring = 1 DBE

contractility 5758 and may also contribute to the inhibitory effect of
green tea on uterine contractions in this study.

The compound, 3',4',5,7-tetrahydroxyflavone is a flavonoid also known
as luteolin.%® It is known to inhibit protein kinase C,% and
lipoxygenase.®! Lipoxygenase enzymes promote the breakdown of
arachidonic acid into leukotrienes which interact with their receptors
leading to calcium mobilization and uterine contraction.®> Therefore
inhibition of these enzymes can lead to uterine smooth muscle
relaxation.®® Luteolin is also reported to interact with gamma amino
butyric acid (GABA) A receptors® which are well known to inhibit
smooth muscle contraction®. Luteolin has also been reported to reduce
the L-type calcium current of rat ventricular myocytes.% These reports
suggest luteolin to be one of the active inhibitory constituents of green
tea.

Quinic acid is a cyclic polyol and has been reported to produce phenolic
acid derivatives.®” Quinic acid has been reported to inhibit Nuclear
Factor-kappa B (NF-xB) by increasing the production of nicotinamide
and tryptophan.® However, an increase in nicotinamide has been shown
to be positively correlated to the activity of OT in stimulating uterine
contractions® suggesting a contraction stimulatory role for quinic acid
and may not contribute to the inhibitory effect of green tea at higher
concentrations in this study.

Sedoheptulose is a seven-carbon ketose sugar originally found in Sedum
spectabile and can also be found as part of the human diet.” It is
involved in the cyclic regeneration of d-ribulose where it acts as an
intermediary compound. It is also involved in ribulose regeneration in
plant photosynthesis.” The compound has been reported to prevent or
delay diabetes onset,”* but there appears to be no report on its
involvement in uterine contractility.

Kaempferol and myricetin which were also detected in this study had
been previously reported as two of the three main flavanols in tea.”
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Kaempferol has been reported to induce uterine relaxation in rats®” and
may play a role in the inhibitory effect of green tea. Though there have
been no reports on myricetin on uterine contractility, myricetin and
kaempferol have been shown to exert oestrogenic effect on the uterus
as observed in the uterine hypertrophy induced.”7* Though oestrogenic
effect does not directly determine effects on contractility, the similarity
between myricetin and kaempferol suggests they may both exert similar
effects on uterine contractility.

The interaction of the different metabolites found in green tea are seen
to have potential effects on uterine contraction, while for others like
kaempferol there are scientific reports to show its inhibitory effect on
uterine contractility, all of which contribute to the inhibitory effect of
green tea observed.

Conclusion

This study reports the inhibitory effect of green tea extract on uterine
contractility. Green tea extract was shown in this study to inhibit
spontaneous, oxytocin- and high KCl-induced uterine contractions.
Possible interaction with prostaglandins and voltage-gated calcium
channels are suggested. In addition, possible prevention of MLCK
activation and interaction of green tea with IPs and DAG are also
suggested. However these possibilities require further investigation.
Several secondary metabolites were also identified in the green tea
extract which was found to include pteridines, cyclitols, flavonoids and
coumarins. Since the study was done using the non-pregnant uterus, it
can be inferred that green tea consumption by females may contribute
to easing uterine contraction which often leads to hyperalgesia during
menstruation. Studies on the pregnant uterus are additionally
recommended in order to gain an insight into what green tea does on the
pregnant uterus.
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Figure 1: Effect of green tea (GT) extracts on spontaneous uterine contraction. (A). Original recording showing the effect of GT on
spontaneous uterine contractility. (B). Concentration response-curve showing the effect of GT on the amplitude of spontaneous uterine
contraction. (C) Concentration response-curve showing the effect of GT on the frequency of spontaneous uterine contraction. n= 5
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Figure 2: Effect of green tea (GT) extracts on oxytocin (OT)-induced uterine contraction. (A) Original recording showing the effect of
GT on OT-induced spontaneous uterine contractility. (B) Bar graph showing the effect of GT on the amplitude of OT-induced uterine
contraction (C) Bar graph showing the effect of GT on the frequency of OT-induced uterine contraction. **P > 0.001; n= 5 animals.
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Figure 3: Effect of green tea (GT) extracts on high KCl-induced uterine contraction (80 mM). (A) Original recording showing the effect
of GT on high KCl-induced uterine contraction. (B) Bar graph showing the effect of GT on the amplitude of KCl-induced uterine
contraction. n=>5 animals.
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Figure 4: Total ion chromatogram for GT in A) negative and B) positive ionisation modes showing identified metabolites (1-23) and
unidentified but detected metabolites (24 and 25). The identification, molecular formula, molecular weight, mass to charge ratio (m/z)
and retention time in min (RT) are indicated in tables 1 and 2.

259 Bafor et al., 2018



Trop J Nat Prod Res, June 2018; 2(6):254-261

Conflict of interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements

The authors would like to acknowledge Ms. Uyi Omogiade for her
technical assistance.

References

1.

10.

11.

12.

13.

14.

15.

16.

Maruyama K, Iso H, Sasaki S, Fukino Y. The Association
between Concentrations of Green Tea and Blood Glucose
Levels. J Clin Biochem Nutr. 2009; 44(1):41-45.

Namita P, Mukesh R, Vijay KJ. Camellia sinensis (green tea):
A review. Glob. J Pharmacol. 2012; (6):52-59.

Tarig M, Naveed A, Barkat AK. The morphology,
characteristics, and medicinal properties of Camellia sinensis
tea. J Med Plants Res 2010; 4(19):2028-2033.

Horzi¢ D, Komes D, Bels¢ak A, Gani¢ KK, Ivekovi¢ D,
Karlovic D. The composition of polyphenols and
methylxanthines in teas and herbal infusions. Food Chem.
2009; 115(2):441-448.

Yang CS, Wang X. Green tea and cancer prevention. Nutr
Canc. 2010; (62):931-937.

Guo Q, Zhao B, Li M, Shen S, Wenjuan X. Studies on
protective mechanisms of four components of green tea
polyphenols against lipid peroxidation in synaptosomes.
Biochim Biophys Acta - Lipids Lipid Metab. 1996;
1304(3):210-222.

Gupta S, Saha B, Giri AK. Comparative antimutagenic and
anticlastogenic effects of green tea and black tea: A review.
Mutation Research — Rev Mut Res. 2002; (512):37-65.

Satoh K, Sakamoto Y, Ogata A, Nagai F, Mikuriya H,
Numazawa M, Yamada K, Aoki N. Inhibition of aromatase
activity by green tea extract catechins and their
endocrinological effects of oral administration in rats. Food
Chem Toxicol. 2002; 40(7):925-933.

Actis-Goretta L, Ottaviani JI, Fraga CG. Inhibition of
angiotensin converting enzyme activity by flavanol-rich
foods. J Agric Food Chem. 2006; 54(1):229-234.

Bafor EE. Potentials for Use of Medicinal Plants in Female
Reproductive Disorders — The Way Forward. Afr J Reprod
Health. 2017; 21(4):9-16.

Gruber CW, O’Brien M. Uterotonic plants and their bioactive
constituents. Planta Med. 2011; 77(3):207-220.

Abshenas J, Babaei H, Zare M, Allahbakhshi A, Sharififar F.
The effects of green tea (Camellia sinensis) extract on mouse
semen quality after scrotal heat stress. Vet Res Forum. 2011;
4:242-247.

Chandra AK, Choudhury SR, De N, Sarkar M. Effect of green
tea (Camellia sinensis L.) extract on morphological and
functional changes in adult male gonads of albino rats. Ind J
Exp Biol. 2011; 49(9):689-697.

Ghafurniyan H, Azarnia M, Nabiuni M, Karimzadeh L. The
effect of green tea extract on reproductive improvement in
estradiol valerate-induced polycystic ovary polycystic ovarian
syndrome in rat. Iran J Pharm Res. 2015; 14(4):1215-1223.
Mombaini E, Jafarirad S, Husain D, Haghighizadeh MH,
Padfar P. The Impact of Green Tea Supplementation on
Anthropometric Indices and Inflammatory Cytokines in
Women with Polycystic Ovary Syndrome. Phyther Res. 2017;
31(5):747-754.

Zhang D, Al-Hendy M, Richard-Davis G, Montgomery-Rice
V, Sharan C, Rajaratnam V, Khurana A, Al-Hendy A. Green
tea extract inhibits proliferation of uterine leiomyoma cells in
vitro and in nude mice. Am J Obstet Gynecol. 2010;
202(3):289-e1.

260

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Alberts B, Bray D, Lewis J, Raff M, Roberts K, Watson JD.
Molecular biology of the cell. 2nd ed. London: Garland
Publishing; 1989. 984 p.

National Research Council. Guide for the Care and Use of
Laboratory Animals: Eighth Edition. In: Guide for the Care
and Use of Laboratory Animals. National Academies Press;
2010. 118 p.

NIH. Public health service policy on humane care and use of
laboratory animals [Internet]. Office of Laboratory Animal

Welfare. 2015. Available from:
http://grants.nih.gov/grants/olaw/references/PHSPolicyLabA
nimals.pdf

Bafor EE, Lim CV, Rowan EG, Edrada-Ebel, R. The leaves
of Ficus exasperata Vahl (Moraceae) generates uterine active
chemical constituents. J Ethnopharmacol. 2013:145(3);803-
812.

Bafor EE, Elvis-Offiah UB, Omoruyi O, Onaghino P,
Viegelmann C, Edrada-Ebel R. Modulation of uterine
contractility in the isolated mouse uterus by the methanol
extract of Talinum Triangulare ( Portulaceae) and
investigation of significant secondary metabolites. Afr J
Pharm Res Dev. 2016; 8(2):122-134.

Kessner D, Chambers M, Burke R, Agus D, Mallick P.
ProteoWizard: Open source software for rapid proteomics
tools development. Bioinformatics. 2008; 24(21):2534-2536.
Pluskal T, Castillo S, Villar-Briones A, Oresic M. MZmine 2:
modular framework for processing, visualizing, and analyzing
mass spectrometry-based molecular profile data. BMC
Bioinfo. 2010; 11:395.

Macintyre L, Zhang T, Viegelmann C, Martinez 1J, Cheng C,
Dowdells C, Abdelmohsen UR, Gernert C, Hentschel U,
Edrada-Ebel R. Metabolomic tools for secondary metabolite
discovery from marine microbial symbionts. Mar Drugs.
2014; 12(6):3416-3448.

Aguilar HN, Mitchell BF. Physiological pathways and
molecular mechanisms regulating uterine contractility. Hum
Reprod Update. 2010; 16:725-744.

Wray S. Insights into the uterus. Exp Physiol. 2007;
92(4):621-631.

Togashi K. Uterine contractility evaluated on cine magnetic
resonance imaging. In: Annals of the New York Academy of
Sciences. 2007; 6271 p.

Togashi K, Kawakami S, Kimura I, Asato R, Takakura K,
Mori T, et al. Sustained uterine contractions: a cause of
hypointense  myometrial bulging. Radiology. 1993;
187(3):707-710.

Wray S, Noble K. Sex hormones and excitation-contraction
coupling in the uterus: The effects of oestrous and hormones.
In: J Neuroendoc. 2008;20(4):451-461.

Pehlivanoglu B, Bayrak S, Dogan M. A close look at the
contraction and relaxation of the myometrium; the role of
calcium. J Turkish Ger Gynecol Assoc. 2013; 14(4):230-234.
Johnson JD, Snyder C, Walsh M, Flynn M. Effects of myosin
light chain kinase and peptides on Ca2+ exchange with the N-
and C-terminal Ca2+ binding sites of calmodulin. J Biol
Chem. 1996; 271(2):761-767.

Shojo H, Kaneko Y. Oxytocin-induced phosphorylation of
myosin light chain is mediated by extracellular calcium influx
in pregnant rat myometrium. J Mol Recognit. 2001;
14(6):401-405.

McConnell JL, Wadzinski BE. Targeting protein
serine/threonine phosphatases for drug development. Mol
Pharmacol. 2009; 75(6):1249-1261.

Butler T, Paul J, Europe-Finner N, Smith R, Chan E-C. Role
of serine-threonine phosphoprotein phosphatases in smooth
muscle contractility. Am J Physiol Cell Physiol. 2013;
304(6):C485-504.

Wray S, Jones K, Kupittayanant S, Li Y, Matthew A, Monir-
Bishty E, et al. Calcium signaling and uterine contractility. J
Soc Gynecol Investig. 2003; 10(5):252-264.

Wray S, Arrowsmith S. Uterine smooth muscle. Fundam Biol
Mech Dis. 2012; 2:1207-1216.

Niedergerke R. The potassium chloride contracture of the
heart and its modification by calcium. J Physiol. 1956;
134:584-599.

Bafor et al., 2018



38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Trop J Nat Prod Res, June 2018; 2(6):254-261

Arrowsmith S, Kendrick A, Hanley J, Noble K, Wray S.
Myometrial physiology - time to translate? Exp Physiol. 2014;
99(3):495-502.

Granger SE, Hollingsworth M, Weston AH. Effects of
calcium entry blockers on tension development and calcium
influx in rat uterus. Br J Pharmacol. 1986; 87(1):147-156.
Little SA, Teaf E, Hurwitz L. Cobalt-sensitive biphasic uptake
of calcium ions in potassium-depolarized smooth muscle. J
Pharmacol Exp Ther. 1985; 232(3):746-753.

Calixto JB, Sirley L. Ketamine-inhibition of calcium-induced
contractions in depolarized rat uterus: a comparison with other
calcium antagonists. Br J Pharmacol. 1985; 85(1):189-195.
Lord JL, De Peyster A, Quintana PJE, Metzger RP.
Cytotoxicity of xanthopterin and isoxanthopterin in MCF-7
cells. Cancer Lett. 2005; 222(1):119-124.

Metzger RP, Abadi P, Mascuch S, Gerwick L, De Peyster A.
Effect of xanthopterin and isoxanthopterin on nitric oxide
production by a RAW264.7 cell line. FASEB J. 2012;
26(1):797-799.

Kowalski S, Lukasiewicz M, Duda-Chodak A, Ziec G. 5-
hydroxymethyl-2-furfural (HMF) -heat-induced formation,
occurrence in food and biotransformation - A review. Polish J
Food Nutr Sci. 2013; 63(4):207-225.

Porter LJ, Wong RY, Chan BG. The molecular and crystal
structure of (+)-2,3-trans-3,4-trans-leucocyanidin
[(2R,3S,4R)-(+)-3,3',4,4' 5,7-hexahydroxyflavan] dihydrate,
and comparison of its heterocyclic ring conformation in
solution and the solid state. J Chem Soc, Perkin Trans 1 1985;
1413-1418.

Horvathova K, Vachalkovad A, Novotny L. Flavonoids as
chemoprotective agents in civilization diseases: Minireview.
Neoplasma. 2001; (48):435-441.

Susanti E, Ciptati, Ratnawati R, Aulanni’am, Rudijanto A.
Qualitative analysis of catechins from green tea GMB-4 clone
using HPLC and LC-MS/MS. Asian Pac J Trop Biomed.
2015; 5(12):1046-1050.

Di Carlo G, Mascolo N, 1zzo AA, Capasso F. Flavonoids: Old
and new aspects of a class of natural therapeutic drugs. Life
Sci. 1999; 65(4):337-353.

van Acker SABE, Tromp MNJL, Haenen GRMM, van der
Vijgh WJF, Bast A. Flavonoids as Scavengers of Nitric Oxide
Radical. Biochem Biophys Res Commun. 1995; 214(3):755—
759.

Chiesi M, Schwaller R. Inhibition of constitutive endothelial
nosynthase activity by tannin and quercetin. Biochem
Pharmacol. 1995; 49(4):495-501.

Kuntz S, Wenzel U, Daniel H. Comparative analysis of the
effects of flavonoids on proliferation, cytotoxicity, and
apoptosis in human colon cancer cell lines. Eur J Nutr. 1999;
38(3):133-142.

Fernandes De S& Ferreira IC, Ferrdo Vargas VM.
Mutagenicity  of  medicinal plant  extracts in
Salmonella/microsome assay. Phyther Res. 1999; 13(5):397—
400.

Waltner-Law ME, Wang XL, Law BK, Hall RK, Nawano M,
Granner DK. Epigallocatechin gallate, a constituent of green
tea, represses hepatic glucose production. J Biol Chem. 2002;
277(38):34933-34940.

Elbling L. Green tea extract and (-)-epigallocatechin-3-
gallate, the major tea catechin, exert oxidant but lack
antioxidant activities. The FASEB J. 2005; 19 (7):807-809.
Teague B, Asiedu S, Moore PK. The smooth muscle relaxant
effect of hydrogen sulphide in vitro: evidence for a
physiological role to control intestinal contractility. Br J
Pharmacol 2002; 137(2):139-145.

Feng W, Cherednichenko G, Ward CW, Padilla IT, Cabrales
E, Lopez JR, et al. Green tea catechins are potent sensitizers
of ryanodine receptor type 1 (RyR1). Biochem Pharmacol.
2010; 80(4):512-521.

261

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Revuelta MP, Cantabrana B, Hidalgo A. Mechanisms
involved in kaempferol-induced relaxation in rat uterine
smooth muscle. Life Sci. 2000; 67(3):251-259.

Revuelta MP, Cantabrana B, Hidalgo A. Depolarization-
dependent effect of flavonoids in rat uterine smooth muscle
contraction elicited by CaCl2. Gen Pharmacol. 1997;
29(5):847-857.

Shimoi K, Masuda S, Furugori M, Esaki S, Kinae N.
Radioprotective effect of antioxidative flavonoids in y-ray
irradiated mice. Carcinogenesis. 1994; 15(11):2669-2672.
Ferriola PC, Cody V, Middleton E. Protein kinase C inhibition
by plant flavonoids. Biochem Pharmacol 1989; 38(10):1617—
1624.

Yamamoto H, Sakakibara J, Nagatsu A, Sekiya K. Inhibitors
of Arachidonate Lipoxygenase from Defatted Perilla Seed. J
Agric Food Chem. 1998; 46(3):862-865.

Carraher R, Carraher R, Hahn DW, Ritchie DM, McGuire JL.
Involvement of lipoxygenase products in myometrial
contractions. Prostagl. 1983; 26(1):23-32.

Wray S, Burdyga T, Noble D, Noble K, Borysova L,
Arrowsmith S. Progress in understanding electro-mechanical
signalling in the myometrium. Acta Physiol. 2015; (213)
:417-431.

Goutman JD, Waxemberg MD, Dofate-Oliver F, Pomata PE,
Calvo DJ. Flavonoid modulation of ionic currents mediated by
GABAAand GABACreceptors. Eur J Pharmacol. 2003;
461(2-3):79-87.

Mizuta K, Xu D, Pan Y, Comas G, Sonett JR, Zhang Y, et al.
GABAA receptors are expressed and facilitate relaxation in
airway smooth muscle. Am J Physiol Lung Cell Mol Physiol
2008; 294(6):1206-1216.

Yan Q, Li Y, YanJ, Zhao Y, Liu Y, Liu S. Effects of luteolin
on regulatory proteins and enzymes for myocyte calcium
circulation in hypothermic preserved rat heart. Exp Ther Med.
2018; 15(2):1433-1441.

Inbathamizh L, Padmini E. Quinic acid as a potent drug
candidate for prostate cancer - A comparative
pharmacokinetic approach. Asian J Pharm Clin Res. 2013;
6(4):106-112.

Pero RW, Lund H, Leanderson T. Antioxidant metabolism
induced by quinic acid. increased urinary excretion of
tryptophan and nicotinamide. Phyther Res. 2009; 23(3):335—
346.

Bafor EE, Rowan EG, Edrada-Ebel R. Towards
Understanding Myometrial  Regulation:  Metabolomic
Investigation Reveals Possible New Pathways of Oxytocin
and Ritodrine Activity on the Myometrium. Reprod Sci. 2016;
24(5):691-705.

Park CH, Noh JS, Park JC, Yokozawa T. Beneficial Effect of
7-O-Galloyl-D-sedoheptulose, a polyphenol isolated from
Corni Fructus, against diabetes-induced alterations in kidney
and adipose tissue of Type 2 diabetic db/db mice. Evidence-
Based Comp Alt Med. 2013;2013:e1-e16.

Zhang YW, Chen YW, Zhao SP. A sedoheptulose gallate from
the fruits of Cornus officinalis. Acta Pharm Sin. 1999;
34:153-155.

Toshikazu S, Jiro A, Atsuko Y, Isamu M. Two flavonol
glycosides from seeds of Camellia sinensis. Phytochem. 1991,
(30):991-995.

Semwal DK, Semwal RB, Combrinck S, Viljoen, A.
Myricetin: A Dietary Molecule with Diverse Biological
Activities. Nutr. 2009; (8):e90.

Trivedi R, Kumara S, Kumara A, Siddiquia JA, Swarnkara G,
Gupta V, Kendurker A, Dwivedi AK, Romerod JR,
Chattopadhyaya N. Kaempferol has osteogenic effect in
ovariectomized adult Sprague-Dawley rats. Mol Cell.
Endocrinol. 2008; (289):85-93.

Bafor et al., 2018



